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Glossary

Backward propagation
Backward projection of a subject block’s inputs through prior blocks. The process of setting up
input(s) to a prior block in such a way as to produce a desired value at the subject block’s input.

Block instance
A specific occurrence of a library block in a Simulink® model. A model can include multiple
instances of a library block.

Block requirements
Low-level requirements for each function block to be supported by the test case template.

Block type
see library block.

Chart
see Stateflow chart.

Command file
Instructions provided to HiLiTE-TG when it is run from the command line. It contains the name of
the MATLAB Simulink model, the symbol data-type/range files, and the name of the directory where
the HILITE-TG output files are placed.

Forward propagation
Forward projection of a subject block’s output through a subsequent block. The process of setting up
input(s) to a subsequent block in such a way as to correctly determine the value of a subject block’s
output by measuring the output of a subsequent block.

Generated test case
A time sequence of model input values to be injected and model output values expected that exercise
a specific Test Case Template for a specific block instance in a specific model. For each block
instance in a model, HiLITE-TG will generate a set of test cases corresponding to the test case
templates associated with that block’s type. See also Test case.

HIiLIiTE-TG supported library block
A library block for which HILITE-TG can generate tests for instances of that block type and for
blocks adjacent to them in a model. These also include some non functional blocks (e.g., sub system,
bus selector bus creator, mux, demux etc.) for which HiLiTE may not need to generate any test case,
but must account for its connectivity functionality. The block types that can be used in a model are
defined in the Honeywell Autocode Manager (HAM) block library and other application-domain
specific block libraries such as the Common Commercial Controller (CCC) block library. All
HILITE-TG supported library blocks are identified in the appropriate section of this document.

Library block
A Simulink standard library block or a library block (masked subsystem) created by a user. A library
block provides specific functionality supported by MATLAB®/Simulink®. Also called a block type.

Low-Level Software Requirements (LLSR)
The low-level requirements represented by the contents of a model. These are typically the functional
requirements of the blocks in a model, which are specified in a formal requirements document.

Low-Level Test Requirements (LLTR)
The test requirements captured in test cases that correspond to the testing of the LLSRs. All the
LLTR’s of a block taken together must verify all the LLSR’s of that block. The reason LLTR’s are
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distinguished from LLSR’s is that the LLTR’s are for testing purposes only and do not represent a
specification of the requirements of models or blocks.

MATLAB® Simulink®/Stateflow model
A block diagram built in the MATLAB Simulink/Stateflow tool using one or more Library Blocks
and/or Stateflow charts.

Operating range
Each signal in the model has a “normal operating range” that denotes the typical range of values of
that signal during normal operation. The normal range is significant only for numeric signals; for
booleans it is always [0, 1]. The normal range comprises a minimum and a maximum value. For
model inputs, the user specifies the normal range to HiLiTE either in the model or in a separate range
file. For all intermediate signals and model outputs, the normal range is computed by HiLiTE using
range propagation.

Signal name
The label applied to block output values. For model outputs that are implied “test points” at the output
of blocks (as in HAM blocks), the signal name uses the format "blockname_TP". For intermediate
signals (displayed without any special background color), the signal name uses the format
"blockname.O1", where the rightmost digit indicates the index of the block’s output port that this
signal denotes.

Stateflow chart
A top-level entity in the Stateflow part of the model that denotes a state machine consisting of
inputs, outputs, and states. A Simulink/Stateflow model can contain one or more chart. The
following terms describe Stateflow charts.

State: A state entity within a chart that describes some operational mode. A state describes a
mode of an event-driven system.

Children: The set of states that are contained hierarchically inside another state.

Initial node: The starting point of execution for a state. When a state that has children becomes
active, the transitions from the initial node are evaluated and exactly one is taken.

Transition: A Stateflow transition that begins either at a state or an Initial Node and ends at a
State. A transition describes the conditions that support and actions that occur when a system
changes operational modes.

Symbols
Variable identifiers for inputs, outputs, states, and named constants in a MATLAB model.

Symbol file
ASClI-formatted files for implementing symbol variables in the model’s code. These files describe
data types (e.g. int32, bool, uint16, float32) and may also contain range information for normal
operating range and maximum allowable range values for certain symbols. HiLiTE-TG can read
multiple symbol files in various ASCII text formats.

Test case
A time sequence test vectors that exercise a specific requirement in a model. For a Simulink model, a
generated test case corresponds to a Test Case Template for a specific block instance in a model.

Test case template
A description of desired behavior for a library block given as a time sequence of inputs and expected
outputs. Note that test case templates may include hard-coded values or formulae and may involve
multiple steps over time. Test templates also cover both normal use and robustness requirements. The
HiLiTE.mdb (Access database) includes test case templates for each HiLiTE-TG supported block
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type; these templates represent the reviewed requirements for normal range and robustness. You can
edit these templates and add new ones as needed.

Test vector
A set of signal values to be applied as model inputs and corresponding output values expected as
model outputs. A test vector is displayed as a row in a table of the test report that HiLiTE generates
for each successful run. Each test vector can have one or more time steps. The indicated model input
values must be applied for the given number of time steps and the model output expected value must
be measured at the end of the last time step in the vector.

Time step

A time step is one step (frame) of execution of the model. For a model with a rate of 10 Hz, there are
10 time steps per second, each of .1 second duration.

Test Generation Status Report
This report is generated by HiLITE-TG that displays the list of blocks in the model and identifies the
low-level requirements of the block for which a test case could not be generated by HiLIiTE-TG. It
also displays the Requirement % coverage achieved for both Simulink and Statechart requirements,
lists the test generation directives (includes Stateflow Test Generation options used) which were used

in the HiLiTE command file, and displays any errors with respect to user specification of data types
and ranges.

Test Generation Summary & Guidance Reports
These are reports in XML and HTML format intended solely for the guidance of the user in using
HiLiTE (not used as part of any DO-178B related activity or process).
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CCC

CM

HAM
HILITE
HILITE-TAS
HILITE-TG
HIiLITE-TH
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LLTR
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American National Standards Institute, Inc.

Common Commercial Controller
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Honeywell Integrated Lifecycle Tools and Environment
HiLiTE Test Automation Suite (verification tool)
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1 Introduction

This document describes the version of HiLiTE Test Automation Suite for use with MATLAB®
Simulink®/Stateflow® models and Honeywell Autocode Manager (HAM).

The Honeywell Integrated Lifecycle Tools and Environment—Test Automation Suite (HILITE-TAS) is a
verification tool that generates test cases from a design model and verifies that the model’s executable
object code conforms to the high- and low-level requirements embedded in the model. HIiLITE-TAS is
used independently from the source code generation and source code review tools of the MATLAB
Simulink/Stateflow modeling environment.

HiLiTE-TAS imports design diagrams (as MATLAB® Simulink/Stateflow® models), generates test
cases against the low-level requirements specified in the design diagram, and applies and verifies the test
cases on the executable object code that implements the model. HiLiTE-TAS consists of two
components: HILiTE Test Generator (HiLiTE-TG) and HiLiTE Test Harness (HiLITE-TH).

HiLiTE-TG imports models (design diagrams) from MATLAB Simulink/Stateflow and generates test
cases based on the functional requirements of the function blocks in the model and their interconnection.
The output of HILITE-TG includes test cases in two different file formats that test low-level requirements.
A test harness can apply these test cases to the executable object code of the model and compare the
expected output values in the test cases to actual output values observed from the object code as pass-fail
criteria for each test case. HiILITE-TG supports the use of two test harnesses that can be used
independently from each other.

HiLiTE-TH interfaces with the executable object code that implements the model. It applies model input
values contained in the test cases to the object code and executes the model function for each time step.
The model outputs for each time step are measured and compared to the expected output listed in the test
case. HiLiTE-TH generates a report giving the pass/fail status of each test case (a test case fails if the
measured output is significantly different from expected output).
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Section 1 Introduction

Use HILITE to:

o Catch problems that can escape manual reviews and simple analysis within the MATLAB®
environment.

e Perform multiple-model analysis.

e Achieve structural coverage of object code.

o Verify that object code meets reviewed requirements embedded in MATLAB models.
HiLiTE provides several benefits. It:

¢ Reduces software verification costs and time to meet DO-178B certification and DFSS/quality
objectives (historically up to 30% savings in total cost).

e Improves model portability and code reusability.
e Reduces cost and time required for software and system integration.

1.1 DO-178B Objectives Met by Using HILITE
HiLiTE automates the manual effort of test case creation to satisfy DO-178B as outlined for verification
objectives A-6.3, A-6.4, and A-7.4.

DO-178B Verification Objectives Covered by HIiLIiTE

A-6.3 | Executable Object code complies with low-level requirements.
(HILITE-TH)

A-6.4 | Executable Object code is robust with low-level requirements.
(HILITE-TH)

A-7.4 | Test coverage of low-level requirements is achieved. (HiLITE-TH)

Note: For specific information on the usage context (MATLAB Simulink/Stateflow versions, HAM and
other block libraries, test vector output formats) of a qualified version of HiLiTE and the DO-178B credit
that can be claimed, please refer to the Tool Qualification Accomplishments Summary (TQAS) and the
Tool Operational Requirements (TOR) of the specific, qualified version of HiLiTE being used.

1.2 Installation and Processing Requirements

For details about HILIiTE installation procedures, refer to the current HiLIiTE Installation Guide.
Following is a summary of HiLiTE processing requirements.

The HILIiTE tool is written in C# and J# using the Microsoft Windows .NET runtime environment. It is
designed for use in conjunction with the MATLAB/Simulink tool, operating on a computer using
Windows XP or Windows 2000 and Microsoft .NET framework version 2.0 or newer.

HiLiTE uses the following software:
e MATLAB Simulink, release 14 SP3 or newer
e Microsoft .NET redistributable, version 2.0 or newer
e Microsoft Visual J# redistributable, version 2.0
e Perl (to support HILiTE Test Harness and scripts) available from
http://www.activestate.com/Products/ActivePerl/
1.3 Getting More Help and Reporting Problems

If you experience any technical problems or have difficulty using HiLiTE, send an e-mail to:
HiLiTE.Support@honeywell.com . Someone from the HiLIiTE Support Team will contact you.
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Document Conventions

For reporting bugs and enhancement requests, please refer to Appendix C: Reporting Problems
and Enhancement Requests.

1.4 Document Conventions
<element name> Names enclosed in angle brackets are XML tags that define what you want

HiLIiTE to process.

change in type face Code and command file examples are displayed in Lucida Console typeface.

Within examples and lists, elements, attributes, and user response is emphasized
with either boldface or italic type.

file paths %HILITE_HOME indicates the installation path for HIiLIiTE. (e.g. if you
accepted the default installation path, %HILITE_HOME% is c:\program
files\hilite)

. (dot or period) indicates the current working directory. This convention is used in command files

to indicate that HiLiTE will find the described item (model, template, etc.) in the
same folder as the HiLiTE configuration file.

1.5 References

These documents will also be helpful for your understanding of HiLiTE and certain aspects of test
generation:

[1]

[2]
[3]

[4]

[5]

[6]
[7]
[8]

[9]

[10]
[11]

An Approach to Improving HIiLiTE’s Auto-Test Generation Using Secondary Stimuli and
Observation Points. White paper. Honeywell Laboratories Document No.: AES-09-003. July
31, 2009.

B787 FCE Component Test Platform User Guide, Doc no. 787-450430-0106, Revision ?,
Honeywell International Inc.

D. Bhatt, S. Hickman, K. Schloegel, and D. Oglesby. “An Approach and Tool for Test
Generation from Model-Based Functional Requirements,” Proc. of 1st International Workshop
on Aerospace Software Engineering, 2007.

D. Bhatt; Hall, B.; Dajani-Brown, S.; Hickman, S.; Paulitsch, M.; “Model-based development
and the implications to design assurance and certification,” Proceeding of the Digital Avionics
Systems Conference, 2005, Volume 2, 30 Oct.-3 Nov. 2005 Pages:13 pp. Vol. 2. (Available at:
http://w3.cas.honeywell.com/swtech/mbd/hilite/documentation/mbd-paper-bhatt-dasc05-
official.pdf )

Flight Controls Electronics (FCE) Control Law Low-Level Function Definitions, Cage Code
81205, DWG No. S641Z001, Sheet 06, Rev B2, Boeing.

HILIiTE Installation Guide, supplied with HILIiTE Installation, Honeywell International Inc.

HiLiTE Shell User Guide, supplied with HiLiTE Installation, Honeywell International Inc.

HILITE Test Vector File Format, Honeywell International Inc., Honeywell Laboratories Doc.
No. AES-R05-009, Version 1.5.

Logic Symbol Definitions for the Common Commercial Controller, Document No. 31-18014,
August 29, 2008, Honeywell Aerospace, Honeywell International Inc.

MATLAB, Simulink User Guide, [MathWorks, Inc.]

Radio Technical Commission for Aeronautics, Inc. Software Considerations in Airborne
Systems and Equipment Certification, 1992, RTCA/DO-178B.
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Section 1 Introduction

[12] Software Approval Guidelines, FAA Order No. 8110.49.

[13] Systems Requirements Specification for the Honeywell Autocode Manager Block Library,
Version 5, SPEC. NO. PS7027827-003, CAGE CODE 55939, REV A., Honeywell
International Inc.

[14] Guidelines for Placement of Stimulation Blocks and Observation Points in MATLAB Simulink
Models for use with HiLiTE, Honeywell Laboratories Doc. No. AES-R09-002, Version 1.0.

[15] Tool Operational Requirements (TOR) for Honeywell Integrated Lifecycle Tools &
Environment Test Automation Suite (HIiLiTE-TAS) v7. Honeywell Laboratories Doc. No. AES-
R10-001, Pevision 1.4.
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2 Getting Started with HILITE

Once HILITE and other supporting programs are installed, obtain or create suitable input for HILiTE,
including processing instructions that are given in a command file. Basic input includes MATLAB
Simulink or Stateflow models and the symbol files that identify their input and output. To create a
command file that gives HiLiTE directions for generating code and test cases, follow instructions in
Section 4.

2.1 Using the HILITE Tutorial

To see HILIiTE “in action” before reading the details, step through the tutorial in Section 3, A Brief
HiLiTE Tutorial. The tutorial lets you try basic HiLiTE usage with example files that are included in the
HILIiTE installation.

2.2 Running HILITE

The HiLiTE command file contains all instructions that identify whether HiLiTE should generate code or
test cases and the data to be used in processing. To actually start HiLiTE, you run a simple command as
described in the following steps. To learn how to create a command file, refer to the Section 4, Creating
HiLiTE Command Files. For detailed information about HiLiTE output, refer to Section 5, Generating
Test Cases.

HILITE is installed with several examples that you can run to see how it works and whose command files
you can examine, or even use as templates for your own projects.

You can use the included HiLiTE Shell tool to select models or command files. When you are proficient
with HILIiTE, you may want to run it from a Windows command prompt.

To use HiLIiTE Shell:

HILIiTE Shell is a tool included in the HILIiTE installation to simplify usage. It can be used to create and
execute simple HiLiTE command files for selected models or to execute existing command files. The tool
is available from the Start menu (select Programs>HiLiTE>HILiTE Shell). For detailed instructions,
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Section 2 Getting Started with HILITE

refer to the HiLiTE Shell User Guide, also available from the Start menu
(Programs>HiLiTE->Documentation>HiLiTE Shell User Guide).

To run HiLiTE from a Windows command prompt:
1. Open a Command Prompt window (or the shell of your choosing).

2. Navigate to the directory that holds your command file (e.g. cd \project Ffiles\HiLiTE\).
3. Enter the HILiTE command qualified with the name of the command file you are using. E.g.:

cmd-prompt> hilite strangesum.hilite

HILITE displays processing information in the console log. If MATLAB is not already running,
HiLIiTE starts MATLAB and displays the model from which it will generate code or test procedures.
Figure 1 is an example of invoking HiLiTE from command prompt window.

¢+ Command Prompt

sSHiLiTEsExamples >cd GC:HiLiTExExamplessHiLiTE-TG-HAM~MathExamples

\H1L1TE\Examples\H1L1TE TG HHH\HathExamples)Hlllte strangesum h111te
i FEFs ion 5 i identia TYrig A 0]
ThlS cnpyrlghted uurk and all 1nfurmat10n and EXDPESSan are the pruperty of Hnneywell Inte C d

Inc., contain trade secrets and may not., in whnle or in part, bhe licensed. used, duplicatef ommanas
cluseddfor any purpose without prior written permission of Honeywell Internatlunal Inc. ALYl haiynvs o
eserved.
Mote: The following log contains specific reports of errors in the inputs to HiLiTE <{command file. m
odel, range files>.

The log also contains diagnostic information to help in future enhancements to HiLiTE; which =

hould be ignored by the user.
Processing HiLiTlE Command File: strangesum.hilite ...

il Initialization of data types, default ranges and max allowed ranges:
All real data types in the model will he interpreted normally (32 or 64 bits)>; asz per default
Target Data Type definitions used: HAMRIY; as per default
Maximum Allowed Range for 32-hit floats is »[-3.482823E+38:3.482823E+381; as per default
Default Ranges for Data Types:
float — »[-1880:1808]1 as per default; double — »[-188B:18801 as per default; int — i[-1688:1801
as per default; unsigned int — i[B:18A1 as per default;
Reading ranges~sdata—types for model inputs and other signals from file: C:SHiLiTEsExamples~HiLiTE-TG
—HAM~MathExamples~StrangeSum_Ranges .csv
Loading HiLiTE BlockIypes from HiLiTE Standard XML file: C:sHiLiTExData“HiliteBlocks.xml
Loading Test Case Templates from HiLiTE Standard BML file: C:“HiLiTExDatasHiliteTemplates.xml
#itiHE Starting Matlab please wait .......
atlabEngine ¢DLL> version 5.1

sing MATLAB Version 7.1.8.246 (R14> Service Pack 3

Figure 1 - Command Prompt window with manually entered HiLiTE command

When HiLIiTE console log indicates that processing is complete, you can close the command prompt
window or run HiLiTE against another command file. Successful generation will create code or test cases
and supporting files in the output directories specified in the command file.

HiLIiTE also keeps a copy of the console log in a file named HiLiTE.log in the HIiLiTE install directory
(%HILiTE_HOME%\Build\bin\).

2.3 HiLITE Input and Output

The following lists define the files that HILiTE uses as input and the files it creates as output.

Required input:

HIiLiTE Command File: Instructions for HiLiTE to process. This is the file you select in HILiTE Shell
or name on the command line when you run HIiLiTE. It instructs HiLiTE to generate test cases and
contains the names of the models and supporting files, the attributes of the data that you want to process
(for example, the columns from which to extract data), and the name of the output directory. Section 4,
Creating Command Files includes examples of command files and detailed instructions for creating them.
Typically, this file has a .hilite extension.
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MATLAB models: Block diagrams built in MATLAB that include one or more block instances. To
generate code you can use either Stateflow or Simulink models. For test generation, this version of
HiLIiTE can process only MATLAB/Simulink or Stateflow models. It generates test cases or code files for
each block in the model (except model inputs and outputs). For help creating MATLAB models, refer to
the MATLAB documentation and online help files.

Optional input:

HAM-based models may already include range values for inputs, outputs, and constants. If a model does
NOT include this information, you will need to include a range file that defines this information. Even
when the model includes the information, you may want to use a range file to ease generating tests for
different ranges.

Range files are ASCII files in which columns are delimited by commas, spaces, or tabs. Range files
contain the values of normal operating ranges (opmin, opmax) with corresponding symbol names. A
project may use several range files to cover all the symbols. To generate tests from a model, be sure you
include references to all the range files needed to cover all the referenced symbols. For more information
about creating range files, refer to Appendix B: Creating Range and Data Type Files.

Note that if you specify the normal range values for each input in the HAM Input Port block, you do not
need to create a range file. Information in the range file will override ranges in the model; this may be
desirable if you wish to test different ranges, as you can easily change the range file without disturbing
the model.

Output files:

Test Vector Files: HILITE generates test vectors to be used with your chosen test harness—.csv
(ModelName_Vectors.csv) format for HiLiTE Test Harness (HTH) or .tpi for Component Test Platform
(CTP).

Test VectorReport: This is an HTML version of the vector file for you to study. The report is named for
the model being tested (ModelName_Report.htm). For more information about test generation output,
refer to Section 5, Generating Test Cases.

Model Analysis and Status Report: Status reports (ModelName_StatusReport.htm) describe any issues
encountered in analyzing the model and list which test cases were generated or could not be generated for
each function block in the model. Test cases cannot be generated for function blocks that are not
supported or if HILITE-TG cannot determine values. You will need to manually create the cases that
HiLiTE cannot generate. For more information about test generation output, refer to Section 8, Using and
Interpreting HiLiTE Output. For information about model analysis, refer to Section 9, Model Analysis.

HiLiTE Execution (Model Analysis and Test Generation) Summary: The file
modelname_Summary.xml summarizes the HiLiTE results, showing the models used, success of the
Simulink and Stateflow test generation, requirements coverage achieved, results of model analysis
including lists of model design defects found by HiLiTE, and other error status.

HILiTE Log: HiLiTE logs command execution status and certain errors encountered for each run in a
console log and replicates the same information in a log file (HiLiTE.log) stored in the
%HILITE_HOME% \Build\bin directory. Please see Section 8.1 for more information on the HiLiTE log.

HIiLiTE configuration data:
HiLiTE uses data from installed files to process your models and command file. You may be able to
change some of these files or may receive occasional updates that enhance HiLiTE’s processing.

HiLiTEBIlocks.xml and HiLiTETemplates.xml: These files define the block and port types from which
HiLiTE can generate code or test cases and the templates that it uses for generation. The database is
supplied with the HILIiTE installation and resides in the %HILITE_HOME% Data directory. You can
update or add to the templates as needed using the HiLiTE TemplateManager. The TemplateManager is
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installed with HiLiTE and the documentation is provided in Section 10. You can find it at
Start->Programs—>HiLiTE->HiLiTE TemplateManager. The application includes online help as well.

For user information only — no changes are permitted

Mapping files: The XML files that map the block types from the MATLAB model to the internal
block types that HiLiTE uses. These files are supplied with the HiLiTE installation and reside in the
%HILITE_HOME%\BlockLibraries\ directory.

Keyword files: The XML files that define options specified in the command file. These files are
supplied with the HILIiTE installation and reside in the %HILITE_HOME%\Data directory.

2.4 Generating Tests for a Specific Test Harness

HiLiTE can output test vectors to use in different test harnesses. Currently, it will always output vectors
for the HiLiTE test harness. You can specify that you also want output to use with CTP or SATGT. For
more information about specifying the output test vector format for a test harness, refer to the OptionSet
information in Section 4.3.1, Command OptionSets and Options.
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3 A Brief HILITE Tutorial

This section steps you through five basic steps of generating tests with HiLIiTE to give you a quick,
hands-on overview of how to use the tool. You can create new files for each step or simply use the
examples included in your installation.

1.

2
3.
4.
5

Create a MATLAB Simulink model using a block library.
Create a HiLiTE command file.

Create a range file for a math-based model.

Run HiLIiTE to generate tests.

Examine the HILIiTE output that includes test vectors.

You can run the example directly from the installation folder given below (if you have write permission),
or you can copy the entire folder to your work area and run it from there.
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3 A Brief HILiTE Tutorial

3.1 How HILITE Works

Figure 2 illustrates how HiLITE processes data to generate code and test cases.

HiLITE Command File
instructs where to find s

model and what to do tarts >
(generate Test or Code)

R Fil )
ange Fres P Reads range files Model
' Analysis
Imports MATLAB model
MATLAB Analyzes model
Model
Generates test cases ] Generated Test I
Cases

Figure 2 - Simplified view of HIiLIiTE processing

The user supplies the command file and the documents shown on the left side of the illustration. The
command file refers to the model and symbol files and includes instructions for how HiLiTE should
process them (whether to generate tests or code, the order to read symbol files, and so on). The central
box summarizes how HiLiTE processes the information to generate the test cases.

3.2 Step 1: Create a Model

The HILIiTE installation comes with several example models. For this tutorial, you may want to examine
the model StrangeSum.mdl found in: %HILITE_HOME% \Examples\HIiLiTE-TG-HAM\MathExamples\.
(%HILITE_HOME% is the folder where you installed HILiTE (e.g. C:\HILiTE))

[Input1 L) [1]
gaini
ug
final&ain
[Inputz L) [ pyp——
gain2

Figure 3 - Simulink model StrangeSum.mdl

The data type of each input port block is set to double/float in the model, as is the convention for HAM
models. HILITE needs the value of this data type to generate tests.
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Step 2: Create a HILITE Command File

3.3 Step 2: Create a HILITE Command File

HiLiTE command files contain the parameters HiLiTE uses to run a model and generate tests. The files
use XML formatting; they can be created and read in any text editor. StrangeSum.hilite is shown in
Figure 4.

<?xml version="1.0"7>
<HiLiTEParameters>
<ProjectPath>_</ProjectPath>

<I-—Specify the directory to store reports -->
<TestOutput root="c:\hilite\TestingOutput'>
<Category name=""Reports''>StrangeSumOutput</Category>
<Category name="Vectors''>StrangeSumOutput</Category>
</TestOutput>

<I-—Specify which HiLiTE extension (block library support) to use-->
<Extension>HAM</Extension>

<l— describe range file format -->
<ColumnSpec specName=""OpRangeOnly" delimiters="," commentChars="#"
titleLines="1">
<Column name="symbol" col="0"/>
<Column name="opmin" col="1"/>
<Column name="opmax" col="2"/>
</ColumnSpec>

<l— gpecify name of range file -->
<SymbolFile fName="StrangeSum_Ranges.csv' specName="OpRangeOnly" />

<Il— specify operation (generate test; models to test)-->
<Command name=""TestGen''>

<Model name="'StrangeSum' />
</Command>

</HiLiTEParameters>

Figure 4 - HILIiTE command file for model StrangeSum.mdl

This example is fairly typical of simple HiLiTE command files. It begins with information about where
the model is (project path) and where to put the generated output (test output). The next three areas
(Extension, ColumnSpec, SymbolFile) describe where HIiLiTE will find required input data and how it is
formatted. The last part of the file is the actual command (TestGen) along with the model it uses.

3.4 Step 3: Create a Range File

Range files specify the normal operating ranges for the input ports of a mathematical model. This
information is essential, since many tests are generated based upon boundary conditions of the normal
range at the inputs and outputs of each block. HiLiTE automatically propagates user-specified ranges at
the model inputs through the blocks in the model to compute the normal range at the inputs and outputs of
each block.

Range files are typically created in a comma-separated-value (CSV) format using Microsoft Excel. They
contain a row for each input port (signal) of the model. Figure 5 shows StrangeSum_Ranges.csv, the
range file for the StrangeSum model.
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Microsoft Excel - StrangeSum_Ranges.csv

AEE

|3_le File Edit Wiew Insert Format  Tools Daka  RoboPDF dindow
! Help  Adobe POF -85 X
B NIRRT T SO -
F10 b &
A | B | C | b | E =&
1 |# this file containg normal operating ranges far maodel input signals
2 |# Signal Name | Range Min | Range hax
3 |Input1 -10 10
4 |Input2 20 a0
5
B
7
]
9
10 v
4 4 » M\ StrangeSum_Ranges | ¢ ¥
Ready TN

Figure 5 - Range file for model StrangeSum.mdl

Note that if you specify the normal range values for each input in the HAM Input Port block, you do not
need to create a range file. Information in the range file will override ranges in the model; this may be
desirable if you wish to test different ranges, as you can easily change the range file without disturbing

the model.

3.5

Step 4: Run HILIiTE to Generate Tests

1. Launch HIiLiTE Shell from from the Start menu (select Programs=>HiLiTE->HILiTE Shell).

When you launch HILIiTE Shell, it displays a list along the left side of the Test Selection page.

The list shows the names of the MATLAB models or HiLiTE command files contained in the last
folder (and its subfolders) that you used. Figure 6 shows the list of HiLiTE Command files in the
installed Examples folder.
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Step 4: Run HILIiTE to Generate Tests

I HiLiTE Shell

Test Selection | Dutput | Settings

=] Dﬁ E:':'E"'""|:5: Selected Files Script Maried Scripts
= Dﬁ HILITE-TG-HAM _ [ Create and Execute ] [Eleate Seript ] [ Execute ]
= [JG&# ComplexFunctions
[JHH LagFilters hilte Directory Seript
EEE YalidatedLocalizer. hilite Yerfy All Models
= D@ LogioE xamples . Scope Selection
[ autoGenerated?. hilie —
= Dﬁ MathE xamples CAHILITEAE wamples B
DEE AutaGenerated] . hilte [ Model based file selection [vs. _hilite file based)
[JHH easictath.hilte S M LT ! ,
2 bat
EEE StrangeSum. hilite o] Sl e LITE aeaelsare
[ StrangeSum_a hilte YWiew Control
= [JGg# HILITE-TG-StateFlow [ Collapze &l ] l Expand Al ] [E:-:pand Selected]

Riggednrigged. hilite
DBH Test Context / Maotes

Test Dezcription file doesn't exist

Generate TestPlan

Figure 6 - HiLiTE Shell Test Selection page

To select the files to use:

2. Under Scope Selection, click the E button. HIiLiTE Shell displays the Browse for Folders
dialog.

3. Browse to the folder containing StrangeSum.hilite (If you accepted all defaults when you installed
HiLiTE, this will be C:\HiLiTE\Examples\HiLiTE-TG-HAM\MathExamples\) and click OK.

4. Make sure the box labeled Model based file selection is not checked.
In the displayed list, click the box next to StrangeSum.hilite.

Click the Create and Execute button at the top of the HiLiTE Shell window. HILiTE Shell
displays the Output page. As the command file is processed, the MATLAB window containing
the model will appear briefly on your screen (Figure 7). The MATLAB windows close as HIiLiTE
completes processing. The Output page shows the console log summarizing the steps of HILIiTE
processing and shows whether test generation completed successfully (Figure 8).
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1\ HiLiTE Shell

Test Selection| Output | Settings
® as rich test

[ Stop Logging Clear for sach un Load Log & e

Creating command file to run HILITE: C:AHILITEME xamples\HILITE-TG-HAM \M athE xamplesiautoR un1.crmd
Using template: C:AHILITE D ata\RunDotHILITEFils.itpl
Executing C:\HILITEVE xamples\HILITE-TG-HAMAM athE samplestAutoRunl cmd

Rurning hite StrangeSum hilite CurrentDutput
HILITE Version 7.5.0.1 - Copright [C) 2005-2010 Honeywel Intermational, Inc. Al ights ressrved
Note: The fallowing log contains spesific reports of erars in the inputs ta HILITE [sommand file, modsl, range filss),
The log akso centains diagnostic information te help in future enhancements to HILITE  which should be ignored by the

user,
Processing HILITE command parameters file: StrangsSum.hilite ...

I Initialization of data types, default ranges and max allowed ranges
Allreal data types in the model will be interpreted nomally 32 or 64 bits]; as per default
Target Data Type definiions used: HAMRTW. as per default
Maximum Alawed Range for 32-bit floats is [-2E+21:2E+21]: as per default
Diefault Ranges for Data Types:
float - -1000:1000] & per default; double - f-1000:1000] as per default; int - i{-100:100] as per default; unsigned int - i
[0:100] as per default;
Reading ranges/datatypes for madel inputs and other signals fram fle: CAHILITESE xamplestHILITE-TG-HAM
M athE sampleshStrangeSum_Ranges. csw
Loading HILITE Supported BlockTypes from <ML file: CAHILITE\Data‘HiliteBlocks.xml
Loading Test Case Templates from <ML file: CAHILITEVD atabHilte T emplates. xml
HUHAHE Starting Matlab please wait ...

Using MATLAB Version 7.1.0.246 [R14) Service Pack 3

HHHHEE Start processing model: . \StrangeSum.mdl

EBX

y oo fion [homd ]| He B2 BEE®

::. finalGain

avemge

Fragram
CRUProsess: oprogram files
DLL: matlab7 1
Filename: StrangeSum.mdl

HAM Library Version: 6.0.5
Rewizion: -

Date: 07-Jan-2010 at 11:52:28
Model Update Rate: 10 Hz
[FixedStepDiscrete]
Trace Tag: WA
Code Generation: Not Inline
DLL Base Address: O
Thiead Name: Niz

he HILITE user guide.

Fage: 1 of 1

FizedStepDiscrete

Bit Dperators

Matric Functions

STP Blocks

STP Blocks

TestSeIecti0n| Output |Settings

[] Stap Logaing Clear for each run

az rich text

Load Log ] [ Save Log ]%asASCH

StrangeSum.ndl - Performing final setup for test generation search

H#H Test Generation parameters for Model ShangeSum
tax Search lterations allowed for each test caze step = 4000
Test Generator WILL propagate constraints - as per default

Automatic past-value averide of unit delayz iz not allowed
|Jze of overide capability of Stimulation blocks is nat allowed

YWStrangeSumOutputhStrangeSum_FRepart. him

todel impart, library mapping, checking: 13.7 seconds;
Maodel analesiz - range propagation, cycles: 0.3 seconds;
HILITE finished narmally in 74 seconds.
MatlabE ngine [DILL] version 5.1
wit Sonpt Completed with exit code [ =

#tHEY StrangeSum mdl - Propagating Data Type, Range, and analyzing cycles [feedback loops) ~
StrangeSum.mdl - Skipping StateFlow test generation since there are no StateCharts in the model

HiEHEE StrangeSurm.mdl - Generating tests for blocks within main model

Regquirements Coverage Analyziz performed to meet DO-1786 Criteria

Model Inputs Robustness Coverage MOT selected - as per default

todel Blocks Robustness Coverage MOT zelected - az per default

Interface [instead of Functional] Coverage for blocks implemented as ext functions HOT selected - as per default

HILITE Suggestions for Stim and Obsweration Pointz will MOT be made - az per default

Infinite time spiral not pozsible; Max imes same prey step value allowed to ocour =1

Standard Test Caze Templates are used for all blocks - az per default

HILITE Released Templates Yersion: 7.5.0.0; Template Family Revision: Standard=4
HEHEEYE Test Generation completed for model StrangeSurm: Requirements Coverage = 100.0%
StrangeSum.mdl - Formatting Test Yector autput in HILITE Test Yectar cav format
StrangeSum.mdl - Writing HTML Test Vector Repart: C:AHILITENE amples \HILITE-TG-HaMYWM athE amples'.

HEHEEEYE StrangeSurm.mdl - Finished processing model. Mo errors. Total model processing time: 16.7 seconds
Preprocessing and model tiansformations: 0.29 seconds
Sirulick, test gen + vectar output: 1.7 seconds

Figure 8 - Completed HiLiTE Console Log for StrangeSum command file
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Advanced Users

If you are already familiar with HiLiTE, you may prefer to use a DOS command window to run HiLiTE.
In your Windows Explorer, browse for the name of the .hilite file.

1.
2.
3.

Note or copy (Ctrl-C) the path to the file.
Start a DOS command window. (Start>Programs>Accessories>Command Prompt).

Change directories to the path for the.hilite file. (For the StrangeSum example, enter:
cd %HiLiTE_Home%\Examples\HiLiTE-TG-HAM\MathExamples)

At the next command prompt, type hilite filename.hilite. (For the StrangeSum example,
type: hilite strangesum.hilite)

The DOS command window shows HiLiTE’s console log indicating progress. When HiLiTE opens your
model, MATLAB will start up, opening both the model and the HAM window. When HiLiTE has
completed processing the commands in StrangeSum.hilite, you will see the next command prompt at the
bottom of the DOS command window. When all applications are open, your desktop will look something
like Figure 9.

E’SlrangeSum
Fle Edit ¥ew Simulation Format Tools Help
D&

oo frema - @RS BEE®

Inpui1_tt,, 1 (1]
Ouiputt (2] [1]
finalGain

Input2 {1, L) [2] avsmEgs

Program
CRWFracess: ciprogram files
DLL: matlab7 1
Filename: StrangeSum.mdl

=\HiLiTENExampless\HiLiTE-TG-HAM\HathExam;

2S\HiLiTExExamples\HiLiTE—TG-HAM\MathExam;
iLiTE Version 7.5.8.1 — Copyright (C> 20

This model is atest case for the HILITE user guide. Hehd L " an Version: 5.0.5

lote: The following log contains specific

del, range files).
he log also contains diagnostic in

would be ignored by the user.

'rocessing HiLiTE command parameters file

HHIHE Initialization of data types,. defa
A1l real data types in the model wil
Target Data Type definitions used: H

Date: 07- Jar\ 2010 st 11:52:28
Model Update Rate: 10 Hz
[FixedStepDisorete]
Trase Tag: Nis
Code Generation: Not Inling
DLL Base Address: 0
Thread Name: Nis

Page: 1 of1

Maximum Allowed Range for 32-bit flo.
Default Ranges For Data Types:
fleoat — r[-1008:1008]1 as per defaul Ready 100%
as per default; unsigned int — i
eading ranges/data—types for muﬂel 1npul:s and other signals from file: C:“\HiLiTE“\Examples\HiLiTE-TG
Hnn\nathExanples\St»angeSum_Ranges csu
wading HiLiTE Supported BlockIypes from XML file: C:“\HiLiTE\Data“HiliteBlocks.xml
oading Test Case Templates from XML file: C:\HiLiTE\Data‘HiliteTemplates.xml
HHIE Starting Matlab please wait
lat labEngine (DLL)> wersion 5.1

FixedstepDiscrete

sing MATLAB Version 7.1.8.246 ¢R14) Service Pack 3

it Start processing model: .\StrangeSum.mdl

Figure 9 - HiLiTE command execution

Read the log in the DOS command window to see how HiLiTE processed the model and the commands
in StrangeSum.hilite.

3.6

Step 5: Examine the HILIiTE Output

HILITE stores the test vectors and reports in the path specified in the command file. For
StrangeSum.hilite, this path is .\StrangeSumOutput, within the folder that contains the model.

Honeywell Confidential 15
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File Edit ‘iew Favorites Tools  Help

@ C:\HiliTE\Examples\Hil iTE-TG-HAM\MathExamples\StrangeSumOutput M=
Iy

QBack > ﬁ /I.-‘: Search Falders ¥ |3 X E’ El'

L]

| Address |23 CAHILITEVE camples\HILITE-TG-HAMMathEx amples) StrangeSumOutput v &0
Mame Drate Modified Size | Twpe
@ﬂrangeSum_Report.htm 1712010 12:47 PM 53 KB HTML Document
@']5trangeSum_5tatusReport.html 11712010 12:47 PM 3KB  HTML Docurnent
|2 StrangeSurn_Surnmary szl 1712010 12:47 PM 3KE XML Document
@StrangeSum_\a‘ectDrs.csv 11712010 12:47 PM 4 KB  Microsoft Office Exc. ..
4 ohjects 5.5 KB J My Computer

Figure 10 - HiLiTE-generated output files for model StrangeSum.mdl

Display this folder in the Windows Explorer. You should see four files:

1. Strangesum_StatusReport.html contains the status of test generation, including any un-testable
conditions in the model (design problems) and HiLiTE tool limitations.

2. Strangesum_Report.htm contains block-level test case templates and generated test vectors in

HTML format.

3. Strangesum_Vectors.csv contains generated test vectors in machine-readable CSV format for
input to a test harness. Note: this format is an example format; the actual format used in a project
will be specific to a particular test harness such as CTP (.tpi) or SATGT.

4. StrangeSum_Summary.xml summarizes the HiLiTE execution results, showing the models
used, success of the Simulink and Stateflow test generation, requirements coverage status,

success of the model analysis, and error status.

3.6.1 Examine the Status Report

Figure 11 shows the status report for the StrangeSum example indicating that all block tests were

generated without errors.

Version 7.8 16
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Step 5: Examine the HILITE Output

<3 TestGen Status - StrangeSum - Microsoft Internet Explorer

File Edt \iew Favorites Tools  Help % - ;"

Test Generation Status Report

Model StrangeSum.mdl Rev: -

Auto-Generated by HILITE version 7.6.2.1 on 7/29/2010 2:30:21 PM
Honeywell Confidential — @ 2005-2010 Honeywell International Inc.
This copyrightsd work and all foomation ard expression ame the property of Horeyare ]l Eaematiozal B L cordadn trade seaets ad marnot,
irwduole or i part, be licerced need, duplicated, or disclosed for arey prmpo e withot prior aritten pemmiss ion of Horeyae]l Btemational
B A01 Bishits Recermed.

User Specification of Data Type and Range for Model Inputs
and Feedback Loops

Svimbol Files Used

DivHoneywelMHiLITE-3WH \ReleaseStagin g\ Example S HIL{TE-TG-
HaMLathExamples\StrangeSum Ranges.cav

Allinput data types and ranges are specified.

Test Generation Suimmary

HiLiTE Released Templates Version: 7.6.0.0; Template Family Revision: Standard=11
Template Family Used: Standard

Soaulink Blocks Regqurements Coverage = 100.000%,
(coverage computation based upon Template Family versions listed ahove)

Test Generation Drectives and other Options sed

Functional Reguirements Coverage computed for all hlocks

Blocks isolated as separate funciion units (e.g., StateFlow charis) will be tested using model-
level tesis

Use of Unit-Delay Past Value override is not allowed as a secondary stimulus means

Use of Stimulation Block Override is not allowed as a secondary stimulus means

Standard Test Case Templates arve used for all hlocks

HAM Block Level Test Points are On

Model Level Test Points are On

Test Generation for Blocks' Requirements

(Mote: Any reporting of potential testability limitations for blocks is intended only as guidance for
the user in determining the cause of missing requirements coverage.)

Block average, Template=Standard: All Functional Requrements Tested

Block finalGain, Template=Standard: All Functional Requirements Tested
Figure 11 - StrangeSum test status report

You can display the status report by double-clicking on the file %HILITE_HOME%\Examples\HiLiTE-
TG-HAM\MathExamples\StrangesumOutput\StrangeSum_StatusReport.html.
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3 A Brief HILiTE Tutorial

3.6.2 Examine the Test Vector Report and Test Vectors

The test report (strangesum_Report.htm) contains tables of the test case templates and generated test
vectors for each block. Figure 12 shows part of the test vector report for the StrangeSum example.

Test case templates define the input and output requirements for each test for each block. In the portion of
the report shown in Figure 12, four templates require specific input values that should produce the
expected output values. For example, the NearMax template requires input values of the normal range
maximum for the input port (Input=120). Testing will be successful if the value at Output is 60—the
normal range maximum for that port

2 StrangeSum TestGen Report - Microsoft Internet Explorer EJE|E|
. 3

) . File Edit View Favorites Tools Help : Address @C:'|,HiLiTE'|,Examp|es'|,HiLiTE-TG-HAM'l,MathExam|V =] Go '1'

14 = 14 e
Pl

Tests for Block: finalGain

Block Type: Gain; Mask Type: Gain (HW) Names of ports for the

block under test. May
not be displayed in the
model when port

Block Under functions are apparent.
Test Ports

Test Case Templates (standard): NearMax, NearMin, Zero

Normal
No.of | Range

Test Casae Mame Test Case Description Test Requirements Covered | Time "
rmin — 20 io

Input|Cutput
Step Descvption

Steps
max — | 120 {=1n]
nput = op range max; outpul = op " . input = op range max; output

MearMax Functional: Mon Zero Cutput 1 120 60 | ap range max

. e ity sutput = op . . input = op range min; cutput
MearMin Functional: Mon Zero Sutput 1 20 0 = op range min
Zero in; O out Functional: Zera Cut 1 a o Zero output
Formula:
position mouse over a table cell Model ts formwula:; oper = hesdinc to display help/details

[ Required

Generated Test Vectors input

signal name - -- gainl, ol /gain2. 01 average, 01 [Outputl

range Input Cutput

Test Cace Name -IS—I;::s min = | -10 20 -40 g0 20 io
rmax —| 10 S50 40 200 120 &0 fl\lorl;rl.‘allzange
or block output

HearMax 1 C 10 50 g | 200 | 120 60 :

HearMin 1 -10 | 20 | -40 | 80 ~=Q_ | 10

Zero 1 -14 | 14 -56 =1 1]

Input values
For Help or Legend, see top of page.
v

< ¥
@'] Done J Iy Computer

Figure 12 - StrangeSum test report (partial)

The Generated Test Vectors show the actual values input to the block under test and the value at the
block’s output port. The template requires that Inputl and Input2 have values of 10 and 50, but since
these ports are not directly accessible, HiLiTE must determine what values to give the model inputs to
affect the correct values. In the generated test vector for NearMax, notice that the block under test
receives four inputs. These inputs are two model inputs (Inputl and Input2, named in blue cells at the top
of the Test Vectors table) and two intermediate values named gainl1.01 and gain2.01. The model input
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values were determined by HIiLiTE. The intermediate values are the output of the gainl and gain2 blocks
and also the direct input to the Average block—their values are those required by the template. The value
of the block output is 60, so the test was successful.

You can see the entire report by double-clicking on the file %HILITE_ HOME%Y%\Examples\HiLiTE-TG-
HAM\MathExamples\TestGenOutput\ strangesum_Report.htm. If you have your browser set to allow
active content, buttons at the top of the report let you display Help (with a glossary) and a Legend that

explains the color coding. The Help and Legend are reproduced below so that you can view them side-by-
side with the HTML page.

Help:

Context Sensitive Help
You can get specific help by positioning the mouse over certain headings of table columns

Glossary

Test Case

A time sequence of test vectors to be exercised against the model to test high- or low- level
requirements of the model. Test cases in tables are separated by thick colored lines. The color of the
line (dark blue-green or violet-red--see legend) above the first vector of a test case denotes whether
the model code must be initialized to run the test case.

Test Vector
A set of signal values to be applied as model inputs and corresponding output values expected as
model outputs. Each test vector can have one or more time steps as indicated in the Time Steps
column of the table. The indicated model input values must be applied for the given number of time
steps and the model output expected value must be measured at the end of the last time step in the
vector. A test vector is displayed as a row in a table. The first column (after names, description)
denotes the number of time steps in the test vector. The rest of the columns denote a model input,
constant, model output or an intermediate signal in the model. Intermediate signals and constants are
not essential parts of a test vector; they are included only for user guidance.

Time Step
A time step is one step (frame) of execution of the model. For a model with a rate of 10 Hz, there are
10 time steps per second, each of .1 second duration.

Signal Name
In the test vectors table, signal name is displayed in the top row, with a background color of sky blue
for input and spring green for output (see the legend). For user-level model inputs and outputs (inport
and outport blocks), the signal name appears inside that block in the model. For model outputs that are
implied "test points" at the output of blocks (as in HAM blocks), the signal name uses the format
"blockname_TP". For intermediate signals (displayed without any special background color), the signal
name uses the format "blockname.O1", where the rightmost digit indicates the index of the block's
output port that this signal denotes.

Normal Range
Each signal in the model has a "normal operating range,"” which denotes the typical range of values of
that signal during normal operation. The normal range is significant only for numeric signals; for
booleans it is always [0, 1]. The normal range comprises a minimum and a maximum value. For model
inputs, the user specifies the normal range to HiLIiTE either in the model or in a separate range file. For
all intermediate signals and model outputs, the normal range is computed by HiLIiTE using range
propagation.

Legend:
: model input signal {inport) : model output signal {outport)
rinput or output port of Block Under Test a constant
: min or max value of normal operating range for this column's signal v extra execution step inserted for signal setup/pass-thru

+ & wvalue in this cell was altered to fit within Max Allowable Range, review template to ensure this is not an error

B: The formula value in this cell is either malformed or entirely outside the Max Allowable Range; correct the template

+ a normal test case not requiring model initialization before its first step
—— 3 tE5t case that reguires model initialization before its first step

number, ¥ @ Don't Care - nominal walue computed as necessary
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3 A Brief HILiTE Tutorial

A machine-readable (csv or tpi) file contains the actual vectors that will be used by the test harness.
Figure 13 shows the vector file for StrangeSum displayed in Excel.

Microsoft Excel - StrangeSum_Vectors.csv g @@|

I‘:‘_I'I File Edit ‘iew Insert Format Tools Data  Window Help  Adobe PDF Type a question for help = 2 & X
RN NN 1= RS YR T - AR TS 1 1 I RLLRR7Y -
: il -0 -|BZU/SSEEHES % 0 WB|FEE|E-0-A-Ba7) o] M4
N3 - &
A [ B | ¢ | D | E [ F s [ H | o+ | J | K [ L [ N
1 |HILITE-1-1; %ectar | Initialize | InterfaceC ColumnCo CaolumnMz Informatio Talerance
| 2 |Infarmatior ModelMan Maodel el HILITE Ve GenerationDate=1/7/2010 12:46:558 PM
' 3 [Comment  HILITE Released Ternplates Yersion: 7.5.0.0; Template Family Revision: Standard=4
| 4 |InterfaceCq 2 1 0 0 3
' 5 |ColumnCo Repetition Input:1 Input:2 Cutput:1 | Local_Ouf Local_Owl Local_Ou
| 6 |ColumnMa Input1 Input2 Cutput? | average.O gain1.01 | gain2.O1
7 |Comment Mormal Range Min
| 8 |[Comment Normal Range Wax
| 9 [Comment | Tolerance (if specified for an output) denotes relative (fractional) tolerance otherwise default relative tolerance of .0001 is used
|10 |Talerance
11 [Comment Tests for baverage  MaskType Average (HVY)
12 [Comment Test Case! Allliax [17Block: average  MaskType Average (FReguirerme Functional - SumOperation (1 of 2)
13 [Wector 1 10 50 % 1200 ¥ X
14 [Comment Test Case! Allivin [12Block: average  MaskType Average (FRequireme Functional - SumOperation (1 of 2)
156 [Wector 1 -10 Il 20 X 4
16 [Comment Test Case! MaxOut [1Block: average  MaskType Average (FReguirerme Functional - SumOperation (1 of 2)
17 [Wector 1 10 0 X 20 ¥ #
18 |[Comment Test Case! MaxOut [ZBlock: average  haskType Average (FRequireme Functional - SumOperation (2 of 2)
19 [Wector 1 1] 50 X 100 ® 4
| 20 [Comment Test Case; MinOut [1 Block: average  MaskType Average (HRequireme Functional - SumOperation (1 of 2)
|21 |Wectaor 1 -10 0 X 200 % #
| 22 [Cormment Test Casel MinOut [2 Block: average  MaskType Average (HRequireme Functional - SumOperation (2 of 2)
| 23 |Wector 1 1] 20X 40 X 4
| 24 [Comment Tests for bfinalGain  MaskType Gain (HvW)
| 25 |[Comment Test Case! MNearhax Block: finalGain | MaskType Gain (HYW) Requireme Functional - Non Zero Output
| 26 |Wector 1 10 50 B0 X X X
| 27 [Comment Test Case! NearMin Block: finalGain | MaskType Gain (HYW) Requirerne Functional - Mon Zero Qutput
| 28 |Wector 1 -10 20 100 ® A 4
| 29 [Comment Test Case! Zero Block: finalGain  MaskType Gain (HYW) Requireme Functional - Zero Out
| 30 |Vectaor 1 -14 14 0 X # #
| 31 |[Comment Tests for b gaini haskType Gain (HW)
| 32 [Comment Test Case! MNearMax Block: gainl MaskType Gain (HW) Reqguireme Functional - Mon Zero Output
| 33 |Wector 1 100 % A A 40 X
| 34 [Comment Test Case; Nearhin  Block: gaini MaskType Gain (HYW) Requireme Functional - Non Zero Output
| 35 |Wector 1 -100 % h3 .3 400 K
| 36 [Comment Test Case! Zero Block: gaini MaskType Gain (HYW) Reguireme Functional - Zero Qut
| 37 |Wector 1 0= A A 0
| 38 |[Comment Tests for bigain2 MaskType Gain (HYY)
39 [Comment Test Case! MearMax Block: gain2 MaskType Gain (HYW) Requireme Functional - Non Zero Output
A5 fmtay 10 Enl v v v N v
M4 4 » M\ StrangeSum_Vectors / < >
Ready MM
Figure 13 - Contents of StrangeSum_Vectors.csv
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3.6.3 Examine the XML file of HILIiTE execution results
Figure 1 shows the HiLiTE execution results in StrangeSum_Summary.xml.

2 C:\HiLiTE\Examples\HiLiTE-TG-HAMWMathExamples\StrangeSumQutput)StrangeSum_Summary.xml - Microsoft Inter..
: ¥» o

4] File Edit Wiew Favorites Tools  Help ;F\gldress

CBX

o o g Wy
2] GHHLITE\ExamplestHILTE-TG-Hamma v | B 6o ',':'

=7uml version="1.0" encoding="utf-8" 7=
<l-- Swmeary of HiLiTE execution on & model -
- <HILITESummary HILITEStatus="Normal"=
<l-- Inforwmation ahout the model —=
<Modellnfo Mame="8trangeSum" UserRev="-" />
«!l-- Information about the HiLiTE execution run: HiLiTE wersion, date, and run-time
[seconds) for the model -
<HILITERUNINfo HILITEYersion="7.5.0.1" ModelStartTime="1/7/2010 12:46:50 PM"
ModelRunTime="8.8" /=

«l-- Stage 0, Intilialization: HiLiTE Intialigation (including templates) hefore loading
the model -

<Intilialization HILITEStatus="Normal" /=

«l-- Stage 1, ModelLoading: Model Iwmport from MATLAE and Loading inside HiLiTE -
<ModelLoading HILITEStatus="Normal" />

«l-- Stage &, ModelPreprocessing: Model Preprocessing and Flattening of subsystem
hierarchy -

<ModelPreprocessing HILITEStatus="Normal" /=

<l-- Stage 3, Modellnalysis: Model Analysis including data type and range propagation
-

<Modelanalyzis HILITEStatus="Normal" /=

«l-- Stage 4, StateFlowTestCreation: Creation of Test Cases Inside each StateFlow chart
in model, but not generated at the model-lewel yet -

<5StateFlowTestCreation HILITEStatus="NotApplicable" HLITEMetric="0.0%" /=

«l-- Stage 5, SimulinkTestGeneration: Test Case Generation at the Simulink (model)
lewel, including test cases for any StateFlow charts -

- =<SimulinkTestGeneration HILITEStatus="Normal" HILITEMetric="100.0%"=
<RequirementsCoverage HILITEStatus="Normal" HiLITEMetric="100.0%" />
< TotalNumebrOfBlockIlnstances=4</TotalNumebrOfBlockInstancess=

</Sirmulink TestGenerations

<l-- Stage &6, UserSpecifiedVectorFilefutput: Test Vector File output (if selected) in
Uzer-Specified Format -

<UserSpecifiedvectorFileOutput HILITEStatus="NotApplicable" /=

«l-- Stage 7, HiLiTEVectorFileOutput: Test Vector File output in HiLiTE Test Vector
Format |[.cswv) -

<HILITEYectorFileQutput HILITEStatus="Normal" /=

«l-- Stage &, TestHarnessCodeGen: HiLiTE Test Harness Code Generation (if selected) -
=

<TestHarnessCodeGen HILITEStatus="NotApplicable" /=

«l-- Listing of Model Defects, if any -

<Defects />
< /HILITESuUmmary =

@ d My Camputer

Figure 14 - Contents of StrangeSum_Summary.xml
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Command File Format

4 Creating HILITE Command Files

HiLiTE uses a command file of execution parameters in XML format. You can create command files
from scratch or edit a sample file that comes with HiLiTE. You will probably wish to create a file for
each project from which you can generate test cases for several related models. You can edit the files in
any plain text or html editor (do not use Microsoft Word as it inserts hidden formatting characters).

The command file instructs HILITE:

o Whether to generate test cases or to perform model analysis.
e Where the input files are located.
o Where to place the generated output.

4.1 Command File Format

HILIiTE reads commands from a text file that is written in XML, a tagging/markup language. XML tags
instruct HiLiTE how to run: what models and values to use, what information to output, and so on. Tags
are written as text enclosed in angle brackets, e.g.<Command />. Figure 15 is a HiLiTE command file
with comments and callouts that label elements, attributes, keys and values.

o Elements are the high-level instructions shown first after the opening bracket.

e Attributes give more information about how to process the element. They consist of a name
(called a key) and a value which quantifies the key. Attributes are contained within their
element’s brackets.

e OptionSets are collections of Option keys and values that affect how each command is carried
out. OptionSets must be named.

Figure 15 shows several basic HiLiTE elements with appropriate attributes and values. The tables later in
this chapter define these and other elements.
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Creating HIiLITE Command Files

Special delimiters
(<!--and -->)indicate
comments. HILITE
ignores this inform-
ation, but you should
read them to find out
more.

All other elements

are nested within

HiLiTEParameters

<oxml version="1.0"7> Lets HiLITE know that the

<HiLiTEParameters> file is written in XML
<ProjectPath>_.</ProjectPath>

<Y--Specify the directory for HiLITE to store outputreports -->
<TestOutput root="_">
<Category name=""Reports''>StrangeSumOutput</Category>
<Category name="Vectors''>StrangeSumOutput</Category>
</TestOutput>

<I-- Specify which block library to use in MATLAB -->
<Extension>HAM</Extension>

<I-- describe range format -->
<ColumnSpec specName=""OpRangeOnly" delimiters="," commentChars="#"
titleLines="1">
<Column name="symbol" col="0"/>
<Column name="opmin" col="1"/>
<Column namg="opmax" col="2¢/>
</ColumnSpec>

|
| “opmax” and “2” are values

<I--specify file that contains normal operating 1

inputs --> name and col are attributes
<SymbolFile fName="StrangeSum_Ranges.csv' specName="OpRangeOnly" />

1-- specify operation (generate test; models to test)-->

<Command name=""TestGen">
<Model name="'StrangeSum' />

</Command>

</HiLiTEParameters>

Figure 15 - Command file to generate testcases

Reading a command file

To understand Figure 15, read the comment lines that appear above most elements in the file. Comments
are indicated with tag delimiters like this: <I--comment-->. The top level element <HiLiTEParameters>
encloses all other elements. These other elements contain information HiLiTE requires to find a model
and its associated symbol files. The model and range files are found in <ProjectPath>. <ColumnSpec>
and <SymbolFile> elements tell how to find relevant data in the range files. The <Command> element
tells what to do (generate tests, in this case) and where to place the output.

The end of an instruction is indicated with a forward slash (/) either within the second of pair of tags (note
</HiLiTEParameters> which ends the top level element) or at the end a self-terminating tag (for example,
each Column element ends with />). A tag may include one or more attributes to clarify the instruction.

Note: XML is case sensitive; it is important to notice and enter tag and attribute names using the correct
capitalization.

Tables in the following sections explain most elements and attributes that are used in HiLiTE command
files. Table 1 summarizes the basic elements and Table 2 and Table 3 describe elements that are available
for more advanced use. Chapter 6 includes more command file examples and information about
generating test cases. Appendix H describes command file elements that developers may find useful.

Path formatting in examples
File paths specified in examples throughout this document follow these conventions:

. (period or dot) indicates the current working directory (see <ProjectPath> example in Table 1) You
can use this convention in creating HiLiTE command files.

an absolute system path (e.g., starting with a drive letter) is self defining; all other paths are relative to
the current working directory or the project path.

Version 7.8
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4.2 Basic HILITE Command-File Elements
Elements described in Table 1 are those you will use most often in creating command files to test models. In creating command files, note that:

e Capitalization is important; command elements other than OptionSets, attributes, and values are case sensitive. Type them exactly as
shown in the table and as given in your own model and file names.

e OptionSet names and option key values are generally not case sensitive, but using mixed case spellings aids readability.
e Single and double quote marks can be used interchangeably in command elements, as long as the same mark is used in a pair.

Table 1. Basic HiLIiTE command file elements

Element Tag Description Example
<HiLiTEParameters> | identifies the enclosed elements as instructions to HIiLiTE. This <HiLiT|§Parameters> .
</HiLiTEParameters> | is the top-level tag—all other elements fall within <ProjectPath>.</ProjectPath>

. HiLiTEParameters. <ColumnSpec specName='OpRanges'
Required delimiters=",' commentChars="#' titleLines='1">

Capitalization as shown in this—and all—tags is required. <Column name="symbol’ col='0/>

<Column name='opmin' col="1"/>
<Column name='opmax’' col="2'/>
</ColumnSpec>
<SymbolFile fName="ranges.csv' specName='OpRanges' />
<Command name='TestGen' >
<Model name='"testgenexamplel’ />
</Command>
</HiLiTEParameters>

<ProjectPath> specifies where the models, symbol files, and other input to be _ )
</ProjectPath> processed are located. <ProjectPath>.</ProjectPath>
Required The default path used in the example command files is the <ProjectPath>C:\HILITETemp\SCN10b</ProjectPath>

current working directory (where the command file is stored).
Current working directory is represented with a dot (.); see first
example to the right. Using this path designation makes the
command files portable.

<TestOutput> specifies where HILiTE should place the test cases and test o _ .,
</TestOutput> reports. If you do not use this element, HILITE places output into <Te<ségtlégpoli; ?;r;_eE;'\I-?r:;g?t%iul\il@ﬁezorts</Category>
Optional subdirectories of the directory from which you are running <Category name="Vectors">MyVectors</Category>

HILITE. .\Vectors will hold the test cases and .\Reports will hold

the reports. TestOutput has one attribute:

root (required)—specifies the path to which HiLiTE should send <TestOutput root="." />
output. Use “.” To specify the directory from which you are

running the command file; otherwise, enter the full path.

</TestOutput>
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Element Tag

Description

Example

<Category />
Optional

gives further path specification for where HiLiTE should place
output. It is a subelement of TestOutput. It has one attribute:
name (required)—specifies paths for specific output. Use these
names:

Vectors—specifies where HILITE will put the generated test
cases in the format required by the test harness tools.
Default path is /Vectors as a subdirectory of the current
working directory.

Reports—specifies where HiLiTE will put the html reports
describing the test cases. Default path is /Reports as a
subdirectory of the current working directory.

<TestOutput root=".">
<Category name="Reports">MyReports</Category>
<Category name="Vectors">MyVectors</Category>
</TestOutput>

<Extension>
</Extension>

Required for most
users

lets you specify the types of blocks and templates that support
the model under test. This element has no attributes.

Extension keywords for supported block libraries are:

HAM, Boeing, CCC, Simulink
If you do not specify Extension, HIiLiTE will default to Simulink,
implying only raw Simulink block support. Users who create their
own library mappings for experimentation can use the
<LibraryMapping> element (See Appendix E)

<Extension>HAM</Extension>
<Extension>Boeing</Extension>
<Extension>CCC</Extension>

<Extension>Simulink</Extension>

<ColumnSpec>
</ColumnSpec>

describes the format of a range file containing range/data type
information. It has the following attributes:
specName—the name of the column specification. This name
will be used by any <SymbolFile> specification that uses this
column format for its data.
delimiters—a list of the delimiters used to separate columns in
the spec. Common delimiters are , (comma), \t (tab), and *
(space). Use these character sequences to define non
printable delimiters:
\t— TAB
\n — NEWLINE
\r - CARRIAGE RETURN
\f - FORM FEED
commentChars—a list of chars, any of which, if found in the
first column of a line, indicates that the entire line is a
comment

<ColumnSpec specName='"OpRanges'
delimiters="\t' commentChars="#' titleLines="1">
<Column name='symbol' col="0"/>
<Column name='opmin' col="1"/>
<Column name='opmax’ col="2'/>
</ColumnSpec>
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Element Tag Description Example
titleLines—the number of lines at the top of the file that contain
information that should be ignored.
<Column /> is a required subelement of the <ColumnSpec> element. It maps

a specific column name to a column number in the symbol file. It

consists of two attributes:

name—the column name. Column names are pre-specified.
Currently supported names are:

‘symbol’ (required) — this column contains symbol names

‘opmin’ (optional) — this column contains the min value the
symbol may have

‘opmax’ (optional) — this column contains the max value the
symbol may have.

‘allowmin’ (optional) — this column contains the extreme
allowable min value the symbol may have

‘allowmax’ (optional) — this column contains the extreme
allowable max value the symbol may have.

‘lir' (optional) — this column contains the language
independent representation of the data type used for this
value.

‘utype’ (optional) — this column contains the universal data
type used for this value.

‘tolpct’ (optional) — this column contains the % tolerance to
be applied in the measurement of a model output or
observation point denoted by a symbol. tolpct should be
specified only if the default tolerance needs to be
overridden for that variable measurement.
col— the number of the column containing the data. Note that
this is zero-based; the first column in the file (column A in
Excel) is 0.

The Column element can take an optional subordinate element:
<Translation> (see Table 3)

<ColumnSpec specName='Tolerances'
delimiters=\t' commentChars="#" titleLines="1">
<Column name='symbol' col="0'/>
<Column name='tolpct' col="1"/>
</ColumnSpec>
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Element Tag

Description

Example

<SymbolFile />
optional

names a file from which HILiTE retrieves system dictionary and

range information. The element indicates which files to read and

which <ColumnSpec> to use when reading them. You can

include multiple SymbolFile references. SymbolFile has the

following attributes:

fName—the name of the range file to be read. This can be a
fully qualified name or a name relative to the ProjectPath.

specName—the name of the column specification to use when
reading this file. This indicates the format of the file.

Note: the order in which you specify symbol files is important.
HILITE reads all symbol files at once and uses them in the order
they are specified. If more than one symbol file includes the
same column specifications, HILiTE uses the values from the
last file it reads in which that symbol attribute is defined.

<SymbolFile fName="filename.csv' specName='OpRanges'/>

Note: the specName here reference the ColumnSpec examples
given above

Multiple SymbolFile declarations can be provided,
potentially referencing different ColumnSpecs:

<SymbolFile fName='InRanges.csv' specName='OpRanges' />

<SymbolFile fName="OutTol.csv' specName="Tolerances' />

<Command>
</Command>
required

specifies the command HiLiTE will execute. It can have several

attributes, depending on the command specified. It has three

subordinate elements: Model, Group, Option Set. The attributes

of Command are:

name—required attribute that gives the name of the actual
command that HILiTE is to execute. In most cases you will
use this command:

TestGen—Invokes the HILITE Test Generator.

See Table 2 and Table 3 for more command options and
attributes of TestGen.

See Appendix H for advanced/diagnostic commands.

<Command name='TestGen' >
<Model nhame='StrangeSum' />
</Command>
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Element Tag Description Example
<Model /> is a sub-element of <Command> that specifies the model to
required which the command applies. Model tags have attributes and

sub-elements.

name—the only required attribute. It specifies the name of the
model file to be processed. The model file is assumed to be
in the directory specified by ProjectPath. The .mdl extension
need not be included; it will be appended automatically to the
name.

Models that do not have a HAM model revision block (that

specifies execution rate) must have the rate specified in the

Model element using one (and only one) of the following

<Command name='TestGen' >
<Model name='StrangeSum' />
</Command>

Only for a model without a HAM model revision block:

<Command name="TestGen">
<Model name="YX440d' rateHz='50' />

attributes: </Command>
periodMs (optional)—indicates the period (in milliseconds) of a
single execution cycle for this model.
OR
rateHz (optional)—gives the number of execution cycles per
second; use this only if the rate is not specified in the model.
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4.3 Advanced HiLITE Command-File Elements and Options

HiLiTE command files can specify many more elements than described in Table 1. Table 2 and Table 3
describe elements that are useful once you are familiar with basic HiLiTE usage. These elements let you
define special testing circumstances, identify specific behaviors, and control output style and location.
Appendix H describes command file elements that HiLiTE Team developers use for diagnostics and
special circumstances. elements, command file

4.3.1 Command OptionSets and Options

You can specify command options to control HiLiTE operation, such as how to handle special testing
circumstances. Options are grouped in OptionSets that are specified within command file <Command>
and <Model> elements, described in Table 1.

Multiple OptionSets can be specified <Command> and <Model> elements at any level of the XML
hierarchy. Each OptionSet must have a name attribute (all available OptionSets names are described in
the following tables) and include one or more <Option> subelements.

<Option> elements control specific aspects of HiLiTE command operation. Each Option is specified as a
“key-value pair,” where the key denotes the option name. Multiple Options can be specified within an
OptionSet.

<Command name=""TestGen’>
<OptionSet name=""0OptionSetA’>
<Option key="optionx'>valuex</Option>
<Option key="optiony'>valuey</Option>
</OptionSet>
<OptionSet name="0OptionSets’ >
<Option key="optionh'">valueh</Option>
</0OptionSet>

<Model name="mymodel”’>
<OptionSet name="OptionSetC’>
<Option key="optiong">valueg</Option>
</OptionSet>
</Model>
</Command>

Figure 16 — Option sets and option key-value pairs in <Command> and <Model> elements
When creating HiLiTE command files that use OptionSets, note that:

e Most OptionSet names and Option key names are case-insensitive; however, using mixed-case
spelling will increast readability. Check the StatusReport to ascertain whether HiLiTE properly
recognizes them.

o All OptionSet specifications must precede the Model elements in the command file.

Default Values

If you do not specify particular OptionSets or Option key values, HiLiTE will use default values for the
missing OptionSets and Options. Default values for the Options are listed in the following tables along
with general option descriptions. While certain options are required, many of them are useful mainly for
refining test generation, and not necessary for most HiLiTE usage. HiLiTE's automatic use of default
values means you needn't be concerned about those options.

Multiple Instances of an OptionSet

If an OptionSet and a particular option is specified in both the Command element and a Model element,
the innermost specification of an Option takes precedence. The HiLiTE command log specifies the
context from which the value of each Option is taken.
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Named OptionSets can also be specified at the Command level or Model level. The same named
OptionSet can be specified at more than one level with either distinct or overlapping Options. If the same
Option key is specified at more than one level, the order of precedence is: Model level, then Command
level.

4.3.2 Attribute Specification in Command-File Elements

Attributes can be used within several of the XML elements of the HiLiTE command file to fine tune
HiLiTE default behavior. An attribute is specified in the following manner.

<ElementTagA AttributeX="ValueX” AttributeY="ValueY” />
For backward compatibility, certain attributes are available as alternates to specifying an Option. These
are noted in Table 2.

4.3.3 Command-File Elements to Control Test Generation and Test Vector Output
Location

Most HIiLITE command file elements, option sets, options, and attributes are described Table 2. While
certain elements are required, others are useful for refining some aspects of HiLiTE operation, but not
necessary for simple usage. You may want to experiment with these after you become familiar with
HILITE.
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Table 2. Advanced HiLiTE command file elements for test generation and output location

Element Tag, Attribute
Name, and/or OptionSet

Description

Example

<Command>
<Model>

optional attributes for
controlling certain search
parameters and test
generation directives

You can control certain search parameters and test generation
directives by specifying attributes in the Command or Model element.
This is an alternative (deprecated) to specifying Options in the
respective OptionSets (described in the following rows). The following
attributes can be specified (note: the inner specification at Model level
supersedes the specification at Command level):

MaxRecursionLevels, MaxlIterations, PropagateConstraints

MaxRecursionLevels: (default=200) Specifying a higher value instructs
HILiTE to use more recursion contexts in the search.

Maxlterations: (default=4000) Specifying a higher value instructs
HILIiTE to use more points of search iteration (expansion) for a
particular test case step.

InputsRobustnessCoverage, BlocksRobustnessCoverage,

InterfaceCoverageForExtFunctions

<Command name="TestGen" >
<Model name="MyModell’
PropagateConstraints='"No
MaxIterations="12000’ />
</Command>

<Model>
other optional attributes

revision: (string) HILITE allows user to specify the revision of a model
in the command file and override the revision number (HAM) inside the
model if any exists. This model revision string is displayed verbatim in
all HILiTE reports and vector/TPI files; i.e., no prefixes or suffixes are
added by HiLIiTE to the string provided in the command file. Specifying
revision is optional. If revision is not specified, then HIiLITE will read
the “Revision” information specified in HAM “Revision block”, if present
in the model.

<Model name='myModel' revision="rev 41' />

<Model>
<SuppressBlock>
<SuppressBlockType>
<TemplateProc>

You can suppress test generation by including <SuppressBlock> or
<SuppressBlockType> as subelements of the Model element. If no
procedures are specified, then all available template procedures will
be suppressed.

Note: If both <Block> and <SuppressBlock> are specified, HILITE
gives first preference to <Block>. HiLiTE ignores <SuppressBlock>
and generates test cases only for the block specified in <Block>.The
same logic applies to <BlockType> and <SuppressBlockType>

To suppress specific procedures, include the subelement
<TemplateProc>, which has one required attribute:

name: specifies which template procedures to suppress. Only the

<Model name="TestSum1" >
<SuppressBlock name ="SumTwoConstl" >
<TemplateProc name="AllMax [12]"/>
</SuppressBlock>
</Model>

<Model name="CL_CommandFeature_Misc" >
<SuppressBlockType name="Divide (HW)">
<TemplateProc name="MAXMIN"/>
</SuppressBlockType>
</Model>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

specified template procedures will be suppressed during test
generation.

<BlockDBFile>
<TemplateDBFile>

top level elements that let you supply your own versions of blocks or
templates.

For either element, the value will be the name of the data base file with
your version of the blocks or templates. If you do not supply a path,
HILIiTE will find the file in the project path as shown in the example on
the right. You can also supply an absolute path (e.g.
D:\MyProject\HiliteBlocks_mine.xml) or an environment variable

(e.g., %HILITE_HOME%\Data\HiliteBlocks_mine.xml).

<HiLiTEParameters>
<HILITEMgmt pauseOnCompletion="no" />
<ProjectPath>.</ProjectPath>

<Extension>HAM</Extension>

<BlockDBFile>HiliteBlocks_mine.xml
</BlockDBFile>

<TemplateDBFile>HiliteTemplates_mine.xml
</TemplateDBFile>

<Command name='TestGen">

</Command>
</HiLiTEParameters>

<OptionSet>
</OptionSet>

optional subelement of either
<Command> or <Model>

subelement of either the Command element or a Model that holds a
group of options. OptionSet has one required attribute and contains
one or more <Option> subelements. Each type of OptionSet has its
own set of Option keys. The OptionSets and their respective Option
keys are described in the following rows of this table.

name: required attribute that names the specific OptionSet to be used.

You must use one of the following names:

General —Options in this OptionSet are typically used to tell HILITE
about other, named OptionSets that it needs to look for. Currently
used only to name the test harness to be used.

TestGenLimits—this OptionSet controls search parameters and
timeout values during the Simulink data-flow level (model-level or)
test generation search performed by HiLIiTE.

TestGenDirectives—lets you control the kinds of tests to be generated

<Command name="TestGen">
<OptionSet name="TestGenLimits">
<Option
key="MaxRecursionLevels">360</Option>
</OptionSet>
<Model name="MyModell’ />
</Command>

<Command name="TestGen">
<Model name="MyModell’ >
<OptionSet name="TestGenLimits">
<Option
key="PropagateConstraints”>No</Option>
</OptionSet>

- . </Model>
and the test generation coverage analysis to be performed as per </Command>
the desired DO-178B objectives.

StateflowOptions— includes Option keys for fine tuning the test
generation of Stateflow models.
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

<OptionSet name=
"General">

Required subelement
<Option> </Option>

enables major functional components of HILITE. Use it to tell HILITE
about other, named OptionSets that it needs to look for.

key: required Option attribute that names the option to be used.
Available keys for options in the General OptionSet are:

OutputGenerator specifies the format in which test vectors should be
generated. HILiTE is the default OutputGenerator. HILITE will
always create a .csv file for the HILITE harness. You can specify
these additional vector formats:

CTP specifies that HILITE should create output to use in the CTP
test harness. If you use this value, you must create a CTP
option set in which you specify the character set to use in the
output. The example on the right includes a CTP option set. For
more information about the CTP option set, refer to Appendix F.

Other test harness options will become available in the future.

Note: the output format you specify becomes the name of a new

option set—that is, you must also include an OptionSet with the

specified name (<OptionSet name="CTP">. For more information

about CTP option keys, refer to Appendix F.

DoNotConsiderConditionalSubsystemAsSeperateModel default=no.
Use this key to generate tests for certain blocks inside an enabled
subsystem where several inputs of the enabled subsystem are tied
together or strongly related.

<OptionSet name="General">
<Option key="OutputGenerator">CTP</Option>
</OptionSet>

<OptionSet name="General">

<Option key="OutputGenerator">CTP</Option>

<Option key=
"DoNotConsiderConditionalSubsystemAsSeper
ateModel">Yes</Option>

</OptionSet>

<OptionSet name=
"TestGenLimits">

Required subelement
<Option> </Option>

controls search parameters and timeout values for Simulink model-
level test generation search performed by HiLiTE. This OptionSet must
contain one or more <Option> subelements with a singe attribute:

key: required Option attribute that names the option to be used.
Choosing yes or increasing a count for these option keys may
generate more tests. This increase will improve coverage of
requirements, but it will typically take longer for HILiTE to create tests
for the model, giving a tradeoff of execution time vs. coverage.
Available keys for options in the TestGenLimits OptionSet are:
MaxTime: (default=3600) specifies the max number of seconds to use

generating tests for a single model. This time limit is cumulative
across both Dataflow and State based test generation. By default,

<OptionSet name="TestGenLImits">
<Option key="MaxTime">7200</Option>
</OptionSet>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

there is no time limit.

PropagateConstraints: (default=Yes) Specifying Yes instructs HiLiTE
to perform a more thorough search by propagating dynamic
constraints thru the model graph. This often results in more test
vectors to be generated, but may take more time for complex
models. If No is specified then constraints are not propagated.

MaxAlternativeCount In certain models with Data Compare blocks and
several mux/demux constructions, some test cases are not
generated because there are several alternative combinations to try
that exceed the default limits. In these situations, use this option.

<OptionSet name="TestGenLImits">
<Option key=
"PropagateConstraints”>No</Option>
</OptionSet>

<OptionSet name="TestGenLimits">
<Option key=
"MaxAlternativeCount">1000</Option>
<l-- 2 hour max per model -->
</OptionSet>

<OptionSet name=
"TestGenDirectives"
Required subelement
<Option>
</Option>

controls the kinds of tests to be generated and the test generation
coverage analysis for desired DO-178B objectives. This OptionSet
must contain one or more <Option> subelements with a singe
attribute:

key: required Option attribute that names the option to be used.

Available keys for options in the TestGenDirectives OptionSet are:

InputsRobustnessCoverage: (default=No) Directs HILiTE to perform
robustness coverage analysis on model input variables and
generate additional robustness tests (if needed) for the inputs so
that each input is tested for a value within, below and above its
normal operating range.

BlocksRobustnessCoverage: (default=No) Directs HILITE to tally
robustness requirements coverage for all blocks for which
robustness requirements have been captured. For each robustness
requirement specified for a block, that requirement is considered
“covered” if at least one generated test case maps to that
requirement.

InterfaceCoverageForExtFunctions: (default=No) Yes directs HILITE to
compute only interface coverage (instead of full functional
requirements coverage) for blocks that are implemented as
separate library functions (e.g. S-Functions). No implies full

<OptionSet name="TestGenDirectives”">
<Option
key="InputsRobustnessCoverage”>No
</Option>
<Option
key="BlocksRobustnessCoverage”>Yes
</Option>
</OptionSet>

<OptionSet name="TestGenDirectives"
<Option
key="InputsRobustnessCoverage">Yes
</Option>
<Option

key="InterfaceCoverageForExtFunctions”">
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Element Tag, Attribute Description Example
Name, and/or OptionSet
functional requirements coverage analysis is performed for all Yes
blocks. Note that this option doesn’t apply to blocks that are not </Option>
implemented as separate library functions. Interface coverage, </OptionSet>

when computed for a block, is in lieu of functional requirements
coverage for that block. Interface coverage implies the following:

= Each input and output port of the block should be used in at least
one test vector generated.

= |f any Interface Requirements are specified for the block, at least
one test case generated should map to each such requirement.

MakeStimAndObsPointSuggestions (default=off). On directs HILITE to
suggest observation points and stimulation blocks. The suggestions
are now made in modelname_Summary.xml file and the HiLiTE
console log.

UseAlternateTemplatelfPresent. When this option is specified, HILITE
uses the template of the specified family for a particular block in
case a template for the family is provided for that block in the
Template Manager. If no family-specific template is provided for a
block then HILITE uses the Standard template for that block. The
name of desired template family is provided as option values.

<OptionSet name="TestGenDirectives">
<Option
key="MakeStimAndObsPointSuggestions">
On
</Option>
</OptionSet>

<OptionSet name="TestGenDirectives">
<Option
key="UseAlternateTemplatelfPresent">
CCC
</Option>
</OptionSet>

<OptionSet name=
"StateflowOptions"
Required subelement

fine tunes StateFlow model test generation. This OptionSet must
contain one or more <Option> subelements with a singe attribute:

key: required Option attribute that names the option to be used.

<OptionSet name="StateFlowOptions">

<Option> Available keys for options in the StateFlowOptions OptionSet are: <Option key="BackwardsSearch">Off</Option>
</Option> BackwardsSearch: (default=On) enables or disables the backwards <Option key="MaxDepth">25</Option>
search that can find difficult test cases but may also take a lot of <Option key= o .
. MaxTimerlterations">5000</Option>
time and/or memory. <Option key=
MaxDepth: (default=5) specifies the maximum depth of the bounded "MaxExpressionLeafCount”>200
depth-first backwards search. A value of 5 works for most cases, </Option>
but if a transition is enabled only after a loop around a series of <Option key=
more than five states, the backwards search may not find this "LargeStateFlowModel”>On</Option>
unless MaxDepth is set appropriately. <Option key= .
. . . _ . . "NumTestsPerTPI">100</Option>
MaxTimerlterations: (default=2000) limits the maximum number of <Option key=
time steps in which HiLiTE looks for solutions to timer patterns in "ChartinputVectorFiles™
the backwards search. This is often a bottleneck for a number of file namel
models, because timer patterns that require a very large number of ~ file_name2
iterations (e.g., 9000) can result in stack overflows. If a timer directory_name3
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Element Tag, Attribute Description Example
Name, and/or OptionSet
pattern is detected that requires more iterations than is allowed by </Option>
MaxTimerlterations, then a message suggesting the larger value <Option key= ) )
will show up in the modelname_Summary.xm file. "StateflowTimeoutDuration”>3600</Option>
<Option key=

MaxExpressionLeafCount: (default=10) sets the size of expressions
that are eligible for advanced expression simplification. The default
value is ten. For some models, increasing this value will
significantly decrease the time required to generate tests. However
for other models, increasing this value will significantly increase run
time. Values between 10 and 500 are recommended.

LargeStateFlowModel: (default=0ff) enables or disables the
partitioning of the TPI output into smaller files.

NumTestsPerTPI: (default=20) specifies the number of test vectors to
put in each TPI file when LargeStateFlowModel is enabled.

ChartinputVectorFiles: (default=empty) lists csv files relative to
ProjectPath that should be imported by HiLIiTE to provide additional
starting points for generating StateFlow tests.

SetlnputPortValue: (default=none) specifies the name of a new
OptionSet. This OptionSet may have any name that does not
appear in this table. The new OptionSet should contain one or more
Options that associate one or more StateFlow chart input variables
to specific values. Each Option should have a key that is the fully
qualified input variable name and a value that is a double or integer.

SkipTransReachability: (default=none) specifies the name of a new
OptionSet. This OptionSet may have any name that does not
appear in this table. The new OptionSet should contain one or more
Options, each with a key that is the fully qualified name of a
transition source and a value that is the fully qualified name of a
transition destination (where the tail name of a junction is
“Junction”). All transitions between the souce/destination pairs in
this OptionSet will be skipped over during backwards search. That
is, reachability tests that have not already been generated will not
be attempted.

StateflowTimeoutDuration: (default=-1) specifies a time, in seconds,
after which HILITE will stop looking to generate new tests. A value
of -1 means no timeout

UseHardRangeConstraints: (default=On) Hard range constraints arise

"UseHardRangeConstraints”">Off</Option>
</OptionSet>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

solely due to model construction; they denote the feasible input
values to the StateFlow chart derived from the data type or from
upstream constants or range limiters. This options specifies that
HILiTE should attempt to generate tests by only constraining the
ranges of chart input/output values to within these hard constraints
that represent values feasible in the model. When this option is Off,
HILIiTE generates tests by further constraining the ranges of
StateFlow chart inputs to the operational ranges propgated by the
upstream blocks based upon operational ranges supplied by the
user for the model inputs. Caution Users are advised not to turn
this option Off since that will unnecessarily suppress feasible test
cases and reduce coverage.

<OptionSet name=
"StateflowDebugVectorsO
ption"

Required sub element
<Option>

</Option>

fine tunes the test generation of flow debug vectors files. This
OptionSet must contain one or more <Option> subelements with a
singe attribute.

key: required Option attribute that names the option to be used.
Available keys for options in the StateflowDebugVectorsOption
OptionSet are:

WriteStateflowDebugVectors: (default=0n) specifies whether or not to
write out Stateflow debug vectors.

<OptionSet name=
"StateflowDebugVectorsOption">
<Option key=
"WriteStateflowDebugVectors">
Off</Option>
</OptionSet>

<OptionSet name=
"SighalBoundaries"
Required subelement
<Option>

specifies the boundaries of block types that are visible as global
variables for use as observation points in test vectors. It also specifies
that certain major blocks (such as a Stateflow chart) can be tested in
isolation from the model since they are implemented as a separated
function in the generated code. Specify the SignalBoundaries options

<OptionSet name="SignalBoundaries">
<Option
key="BlockTypeTestPoints">Off</Option>
<Option
key="ModelSpecificTestPoints">On

</Option> according to the code-generation options. The default values for the </Option>
option keys correspond to default options for code generation using </OptionSet>
HAM & RTW. This OptionSet must contain one or more <Option>
subelements with a singe attribute: ) ) )

. . . . <OptionSet name="SignalBoundaries">
key: required Option attribute that names the option to be used. <Option
Available keys for options in the SignalBoundaries OptionSet are: key=" BlocklOVariables ">On</Option>
BlockTypeTestPaints. (default=0n) implies that internal Block level </OptionSet>
Version 7.8 38 Honeywell Confidential




Advanced HiLiTE Command-File Elements and Options

Element Tag, Attribute Description Example
Name, and/or OptionSet

(e.g. inside HAM block) test points are present in the model’s code . . .
as externally visible global variables, so HiLiTE can use these <OptionSet name="SignalBoundaries">
variables as observation points in the test vectors it generates. <Option key="IsolateBlocks">On</Option>

Setting this option key to Off instructs HILiTE not to use internal <Option . . .

block-level test points as observation points in test vectors. </Optilgﬁ3é—et5|ock|OVar|ab|es >On</Option>
ModelSpecificTestPoints. (default=0n) implies that model-level test

points (“lollipops”) are present in the model’s code as externally

visible global variables so HiLiTE can use them as observation <OptionSet name="SignalBoundaries">

points in test vectors. Off instructs HiLITE not to use model-level <Option

key="AllowOverrideOfUnitDelayPastValue">
On</Option>
</OptionSet>

test points in test vectors.

BlocklOVariables (default=0n) implies that I/O variables around
certain types of blocks are present in code and can be used by
HILITE as observation points in test vectors, irrespective of the
other TestPoint options. Off instructs HiLiTE not to assume that I/O <OptionSet name="SignalBoundaries">

variables around certain types of blocks are present in code; other <Option

TestPoint options are still applicable. key="AllowStimulationBlockOverride">
IsolateBlocks (default=0Off) tells HILITE to not generate isolated <o (t)ig;/s?e?:om

(standalone) tests for an isolatable block; they are treated same as P

any other block in the model and model-level (normal) tests are

generated for these blocks. On tells HILITE to generate isolated <OptionSet name="SignalBoundaries">

tests for each isolatable block in the model in a separate tpi file to

be executed separately. <Option key="BlockTypeTestPoints">

(Notes: On value implies On value of BlocklOVariables option. On</Option>

HILITE will also generate model-level (normal) tests for these <Option key="IsolateBlocks">On </Option>

blocks if option TestlsolatedBlocksAtModelLevel is On.)

TestlsolatedBlocksAtModelLevel. only applicable if option <Option key=
IsolateBlocks is On. It denotes if model-level (normal) tests are to "AllowOverrideOfUnitDelayPastValue">
be generated for isolatable blocks in addition to the isolated tests. On</Option>
(Default=0ff) denotes that model-level tests should not be <Option key=
generated for isolated blocks. On denotes that model-level test "AllowStimulationBlockOverride”>0n

should also be generated for isolated blocks, in addition to the </Option>

isolated tests. This option can increase test generation time

. <Option key="StimPoints">sum.01</Option>
considerably for complex models that have feedback loops among Option key="StimPoints">sum.O1</Option

Stateflow charts. <Option key="ObservationPoints">
AllowOverrideOfUnitDelayPastValue improves test generation And2.01</Option>
coverage of models containing complex feedback loops. Default </OptionSet>

=Off: HILITE does not use unit delay overrides. On directs HILiTE to
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Description

Example

automatically override the past values of all Unit Delay and Frame
Delay blocks in the model, as needed.

AllowStimulationBlockOverride (default=0ff) HiLiTE does not allow
stimulation block override. On directs HiLiTE to automatically
override the signal’s upstream value using new HAM stimulation
blocks. Note that HiLiTE first attempts to generate each test case
without using any overrides of the stimulation blocks. Only if that is
not successful, one or more override inputs are used for that test
case.

AllowTestPointBlockOverride (default=off): if enabled, this key enables
the Test Point block’s (Test Point (HW)) override capability. Used
by Epic (PC12) program.

IgnoreStimBlocksWithPrefixinName: if this key is included, HIiLITE will
ignore Stim Numeric or Stim Boolean blocks in a model if the block
name starts with a user-specified prefix.

StimPoints tells HILITE to assume a Stimulation Block at a specified
point even though the model doesn’t include one. This allows quick
experimentation without modifying the model.

ObservationPoints tells HIiLITE to assume an observation point at a
specified point even though the model doesn't include one. This
allows quick experimentation without modifying the model.

Note: If you use the TestGenDirectives OptionSet with the Option key

MakeStimAndObsPointSuggestions, HILITE will include suggested

stimulation and observation points in the modelname_Summary.xml

file. For more information, see the TestGenDirectives description
earlier in this table.

<OptionSet name="SignalBoundaries">
<Option key="AllowTestPointBlockOverride">
On</Option>
</OptionSet>

<OptionSet name="SignalBoundaries">
<Option key="AllowStimulationBlockOverride">
On</Option>
<Option
key="IgnoreStimBlocksWithPrefixInName">
ST_</Option>
</OptionSet>

<OptionSet name=
"DataTypeAndRange"
Required subelement
<Option> </Option>

lets you override the real-data type specification in the model and
consider all real numbers as single precision (32-bit) floating points.
This OptionSet must contain one or more <Option> subelements with
a single attribute:

key: required Option attribute that names the option to be used.

Available keys for options in the DataTypeAndRange OptionSet are:

AllRealDataTypesAre32Bits Default is Off. Specifying On directs
HILiTE to override real datatype specification in the model and
interpret all real data types (for all variables) as 32-bit floating point
representation.

<OptionSet name="DataTypeAndRange">
<Option key="AlIRealDataTypesAre32Bits">0n
</Option>

</OptionSet>

<OptionSet name="DataTypeAndRange">
<Option key="AllRealDataTypesAre32Bits">0On
</Option>
<Option
key="TargetDataTypeForAllReals">real _T
</Option>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

TargetDataTypeForAllReals allows specification of a data type name
(e.g., a specific typdef in a target header file) for all real data types.

AllowFullRangeOf32BitReal Default is True. True directs HILITE to
use the full range [-3.4e38, 3.4e38] of the single-precision (32-bits)
float data type for testing for a variable, if the data type of that
variable is 32-bit real. If False then then a maximum range of

[-2E+21, 2E+21] is used.

</OptionSet>

<OptionSet name="DataTypeAndRange">
<Option key="AllRealDataTypesAre32Bits">0On
</Option>

<Option key=
"TargetDataTypeForAllReals">real _T
</Option>
<Option
key="AllowFullRangeOf32BitReal">False
</Option>
</OptionSet>

<OptionSet name=
"DisableTestPoints
Explicitly"
Required subelement
<Option> </Option>

Disables a test point when HiLiTE doesn’t resolve them properly to the
code variable.

key: required Option attribute that names the test point to be disabled.
Default value is False. True directs HiLIiTE to disable the test point
named as the key.

<OptionSet name="DisableTestPointsExplicitly">
<Option key=
"PRIMARY_SOV_DRIVER_TEST_Simplified/
signalConvert6.01">True</Option>
</OptionSet>
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Element Tag, Attribute Description Example
Name, and/or OptionSet
<OptionSet name= specifies test point variables that HiLiTE couldn’t parse for a particular OntionSet
" .. . Thi : ; < ion> <OptionSet name=
UseExplicitPortVariableN | output port This E)ptlo_nSet.must contain one <Option _subelement "UseExplicitPortvariableNames">
ames" with a single key= attribute: the fully qualified name (with proper . o
. . A, . ) <Option key=
Required subelement h|e_rarch)_/) of the output port for which HiLIiTE is trying to find a test "Chart_To_Terminator/NumState.07">
<Option> </Option> point variable. Chart_To_Terminator_B.SF_Out7</Option>
This option improves test point variable parsing in complex scenarios </OptionSet>

when signal names occur after the state chart that goes to terminator
or other blocks. In this type of scenario, MATLAB generates code in a
different way. When there is a test point and the chart output goes to a
block that has different signal name, MATLAB gives priority to the
signal name and the signal name appears in the code. When the
output goes to a terminator, MATLAB gives priority to the chart output
name. This option resolves the issues of matching test points by lettin
you specify it explicitly.

<TestOutput> use these subelements to make the output path unique for each run <TestOutput root=".">
subelements that uses the same model. These elements are useful for retesting a <Category name="Reports"> .
<User /> model with different inputs or other changes. model10_<Date fmt="m_d_yy"/><Time
<Root /> <User /> inserts the name used to log on to the computer. Lr?é;t:ghdsin.ss P>
<Args /> <Root /> (example, need explanation) <TestOutput> <Category name="Vectors">
. <Root><Args>1</Args></Root> TestCases</Category>
<Version /> <Category name="Reports">Reports</Category> </TestOutput>
<Category /> <Category name="Vectors'>Vectors</Category> Using the Date and Time elements specified above,
</TestOutput> the test reports will be placed in a folder similar to:
<Args /> tells HILIiTE to insert the information from an argument on the .\model10_1 3 0712:15:06
command line. Arg 1 is the first item on the command line after the
name of the HiLITE file. <TeSE:OUtPUt root=". i"R )
<Version /> tells HILITE to include its current version number in the EA?QZ%OJZ/R??SGJ eports=
path name. </Category>
<Category /> will create separate paths for the vector and report files <Category name="Vectors">
based on their categories (Reports or Vectors) <Args>2</Args></Category>
</TestOutput>

Using the <Args> elements as shown above, a
command line of: hilite example.hilite myreports
testcases, will output the test reports
to..\myreports and the vectors will be output to
.\testcases
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

<OptionSet name=
"Source"
Required subelement
<Option> </Option>
Required for Test Generation

specifies certain characteristics of the source code generated from the
model, so that HILITE can find proper references to global structures
and variables to be used as test vector inputs and observation points.
This OptionSet must contain one or more <Option> subelements, each
having a singe attribute:

key: required Option attribute that names the option to be used.
Available keys for options in the Source OptionSet are:

Declarations denotes name of a header (.h) file containing variable
declarations for use in test vectors. The value can be a direct name
or a name template depending on the HiLIiTE file location.

An example of a direct name is my_model.h

A name template is a string that contains the keyword substring
{model}, each occurrence of which is substitute with the name
of the model (minus .mdl extension). E.g., {model}.h gets
translated to yourmodel.h for the model yourmodel.mdl.

The name may be relative or fully qualified. The name (either
direct or generated from the name template) is then used to
locate the source code file that includes declarations.

Format indicates the general source code format of the file named in
the Declarations option. This keyword is used by HiLITE in parsing
the file in the appropriate style. HAMRTW is currently the only valid
value.

InPrefix, OutPrefix (optional) indicate the naming prefix used for any
external inputs or outputs (respectively) to the model. This can be
used to prefix a structure name or a simple string prefix. It can be
either “concrete” or a template.

R2007a: (Default=false) indicates which MATLAB release generated
the source code for the model. The default is MATLAB R14. A
value of true indicates that the source is R2007a (HAM®6), which
differs from the MATLAB R14 (HAMS5) generated code in the names
of the visible variables, structures, and functions. HiLiTE must
resolve the references to these entities so that the generated test
vectors can be applied to the model’s code.

HAMR12 (Default=false): indicates which MATLAB release generated
the source code for the model. The default is MATLAB R14

<OptionSet name="Source">
<Option
key="Declarations”>{model}.h</Option>
<Option key="Format">HAMRTW</Option>
</OptionSet>

<Option key="Declarations”>
MyFolder/{model}.h
</Option>

<OptionSet name="Source™>...
<Option key="InPrefix">{model}_U.</Option>
<Option key="OutPrefix">{model}_Y.</Option>
</OptionSet>

<OptionSet name="Source">
<Option key=
"Declarations”>{model}.h</Option>
<Option key="Format™>HAMRTW</Option>
<Option key="R2007a">true</Option>
</OptionSet>

<OptionSet name="Source">
<Option key="Declarations”>
{model}.h</Option>
<Option key="Format”>HAMRTW</Option>
<Option key="HAMR12">true</Option>
</OptionSet>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

(HAMS). A value of true indicates that the source is MATLAB R12
(HAM3), which differs from the MATLAB R14 in the names of the
visible variables, structures, and functions. HiLiTE must resolve the
references to these entities so that the generated test vectors can
be applied to the model’s code.

<OptionSet name=
"ZipFilesOption"

Required subelement
<Option> </Option>

used to zip HiLIiTE output files such as HTML report, TPI file, and

StateflowDebug test vector files. For certain large models, these

output files can be very large, consuming much disk space. This

OptionSet must contain one or more <Option> subelements, each

having a singe attribute:

key: required Option attribute that names the option to be used.

Available keys for options in the ZipFilesOption OptionSet are:

ZipReportFile (Default=0ff). On zips the HTML Report.

DeleteReportFileAfterZipping. (Defaul=0n) tells HILITE to delete the
HTML Report file after zipping. If HILiTE could not zip the HTML
Report file or the ZipReportFile Option is “Off”, HILITE will not
delete the HTML Report file. Off tells HILiTE not to delete HTML
Report file.

ZipTPIFile (Default=0ff) On means that the TPI file will be zipped.

DeleteTPIFileAfterZipping (Defaul=0n) tells HILiTE to delete the TPI
file after zipping it. If HILITE could not zip the TPl file or the
ZipTPIFile Option is turned “Off,” HILITE doesn't delete the TPl file.
Off tells HILITE not to delete TPI file.

ZipStateflowDebugVectors (default=0n) StateflowDebug Test vectors
(CSV files in StateflowDebug directory) will be zipped.
StateflowDebug.zip file will be created inside StateflowDebug
directory. StateflowDebug.zip contains all the StateflowDebug test
vector files; normal (unzipped) files are not created.Off tells HILITE
not to zip StateflowDebug Test vectors.

Obsolete

<OptionSet name="ZipFilesOption">
<Option key="ZipReportFile">0n</Option>
<Option key="ZipTPIFile">0On</Option>
</OptionSet>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

<OptionSet name=
"UseExplicitSUTName"
Required subelement
<Option> </Option>

<OptionSet>

(Optional)

explicitly declares the State chart function names in the hilite
command file. If State chart function name is not specified, HILITE will
generate a default name (based on model name) which will be used
as software under test (SUT). This OptionSet must contain one or
more <Option> subelements, each having a singe attribute:
key: required Option attribute that names the option to be used.
Available keys for options in the UseExplicitSUTName OptionSet are:
StateChartNameWithFullyQualifiedPath Specify the fully qualified path
of the State chart in the model. If the State chart is inside the
subsystem, you must correctly specify the State chart name.
For example, if model has subsystem “Subsystem1” and State chart
“StateChartl” is present inside Subsystem1, then Option key will be
“Subsystem1/StateChart1”.

For corresponding State charts, provide the State chart function name
as the Option key value. This State chart function name is the SUT,
which is part of the TPI header file. The TPI file generated for the State
chart will contain the declared State chart function name as SUT.

<OptionSet name="UseExplicitSUTName ">
<Option key="
StateChartNameWithFullyQualifiedPath">
StateChartFunctionName </Option>
</OptionSet>

<OptionSet name=" UseExplicitSUTName ">
<Option key="
StateChartNameWithFullyQualifiedPath1">
StateChartFunctionNamel </Option>
<Option key="
StateChartNameWithFullyQualifiedPath2 ">
StateChartFunctionName2 </Option>
</OptionSet>

<OptionSet> name="CTP"

For more information about the CTP option set and keys, refer to
Appendix F.

Additional commands
<Command
name="ModelAnalysis”>

Propagates ranges through the blocks in the models from model
inputs to outputs.

Also identifies probable defects (for example: divide by zero or
untestable conditions) or design errors in the model.

<Command name="ModelAnalysis">

<OptionSet> name="
UseExplicitAT3Anchors"

supports user-supplied AT3 anchors in generated TPI files.

<OptionSet name="UseExplicitAT3Anchors">

Required key: <Option key=
STP_Stateflow_Isolation/StateChartl: the name of a StateFlow chart. "CTP_Stateflow_lIsolation/StateChart1">
Name1</Option>
</OptionSet>
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<OptionSet name=

"ModelAnalysisDirectives"
Required subelement
<Option> </Option>

gives instructions for analyzing a model. This OptionSet must contain

one or more <Option> subelements, each having a single attribute:

key: required Option attribute that names the option to be used. Use
one of the following key values:

ExtensiveModelAnalysis (default=False) use to analyze complex
models, especially models that include complex loops. Set to "True"
when suggested by the hilite.log file. You will see messages similar
to:

[ERROR] ModelName: Data Type and Range propagation
failed; test generation aborted.
[ERROR] Attention HiLITE Users!.._ModelName Enable
following option in HiLITE command file...
<OptionSet name="ModelAnalysisDirectives'>
<Option key="ExtensiveModelAnalysis">True</Option>
</OptionSet>

GenerateOutputRangeFile: A range file containing model output
names and their operational ranges can be generated using this
option. By default, the name of the file is
OutputRanges_modelname.csv.

OutputRangeFileName: Use this option key to specify the name of
output range file.

UpdateOutputRangeFilelnPlace: Use this to read an intermediate
range file that contains the outputs of many models and just update
the values of those symbols whose producer is the model being
processed by HiLITE.

OutputRangeFileInReportsDir: (default = True) set this option key to
“True” or “False” to determine whether HIiLITE should place the
output range file in the Reports directory. False implies HILiTE
places the range file in he same sirectory as ProjectPath

CheckBlocklnputRangesAgainstLimits and
BlockinputRangeLimitsFileName are used together to specify the
limits for certain block types in a CSV file and supply that file to
HILITE. See example at right.

<OptionSet name="ModelAnalysisDirectives">
<Option key="ExtensiveModelAnalysis">
True</Option>
</OptionSet>

<OptionSet name="ModelAnalysisDirectives">
<Option key="GenerateOutputRangeFile">
True</Option>
<Option key="OutputRangeFileInReportsDir">
True</Option>
<Option key="OutputRangeFileName">
MyOutputRages.csv</Option>
</OptionSet>

<OptionSet name="ModelAnalysisDirectives">
<Option key=
"UpdateOutputRangeFileInPlace">True
</Option>

<Option key="OutputRangeFileName">
IntermediateRanges.csv
</Option>
</OptionSet>

<OptionSet name="ModelAnalysisDirectives">
<Option key="GenerateOutputRangeFile">
True</Option>
<Option key=
“OutputRangeFilelnReportsDir*>True
</Option>
</OptionSet>
<OptionSet name="ModelAnalysisDirectives">
<Option
key="CheckBlocklnputRangesAgainstLimits">
True</Option>
<Option key="BlockIlnputRangeLimitsFileName">
BlockInputsRangeLimits.csv</Option>
</OptionSet>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

<OptionSet name=
"UnitDelayOverrideVariables™"

Required subelement
<Option> </Option>

used by Epic (PC12) program. If the RTW code generated for the
models doesn't contain comments (containing tags) in the D_Work
structure, then the “UnitDelayOverrideVariables” OptionSet can be
used to explicitly specify the D_Work structure variable name. When
comments are missing in the D_Work structure, use this option to
explicitly specify them in the .hilite file.

Key > <ModelNameWithHierarchicalPat/>/
<SimpleDelayBlockName>/SimpleDelay 1.

SimpleDelay_1 is the testpoint variable name.

Value > <ModelName>_Dwork.<DWork StructureVariable name>

<OptionSet name="UnitDelayOverrideVariables">
<Option key=
"OV_AutoUnitDelay_Scenario/SimpleDelay/
SimpleDelay_1">0V_AutoUnitDelay_
Scenario_DWork.SimpleDelay_1_DSTATE
</Option>
<Option key=
"OV_AutoUnitDelay_Scenario/SimpleDelayl
/SimpleDelay_1">0OV_AutoUnitDelay
_Scenario_DWork.h_SimpleDelay_1
_DSTATE</Option>
</OptionSet>

<OptionSet name=

"TestTemplates”
Required subelement

<Option> </Option>

used to specify how HiLiTE will generate test case templates for
certain blocks that are listed in Appendix I. This OptionSet must
contain one or more <Option> subelements, each having a single
attribute:

key: required Option attribute that names the option to be used. Use
one of the following key values:

LookUpTablelnterpolationTests (default=True) A value of True
instructs HILITE to generate interpolation tests for a lookup table
block (1-D, 2-D, or 3-D look up table). By default, HILITE
generates test cases for a limited number of interpolation points in
the table.

LookUpTableAllinterpolationPoints(default = False) If option
LookUpTablelnterpolationTests is True, set this option key to
“True” when you want HiLiTE to generated all possible
interpolation points for a lookup table.

LookUpTableBeyondTests: (default = True) If True, HILITE will
generate Beyond Boundary tests (based upon block parameter
Clip or Extrapolate) for a lookup table block.

<OptionSet name="TestTemplates">
<Option key=
"LookUpTableAllinterpolationPoints ">True
</Option>
<Option key=
“LookUpTableBeyondTests “>True</Option>
</OptionSet>
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4.3.4 Miscellaneous Advanced HiLiITE Command-File Elements

Table 3 describes miscellaneous command file elements that can be useful to control certain advanced aspects of HiLiTE execution.

Table 3. Miscellaneous advanced HiLiTE command file elements

Element Tag, Attribute Description Example
Name, and/or OptionSet
<HiLITEMgmt /> If this optional element is specified, it must be the first element in a - e
HILITE command file. Use it to manage the way HILITE runs. <HILITEMgmt pauseOnCompletion="yes" />
Currently HiLITEMgmt includes these attributes:” <HiLiTEMgmt timeCode ="yes" />

pauseOnCompletion (Default=no) indicates whether you want the
program to pause when exiting. HiLiTE will pause after completing
its command sequence. This is useful when you want to look at a
HILIiTE generated command window and the progress log. no
indicates that HILITE will not pause. After completing its command
sequence, and if HILITE opened the command window, it will exit
and the Command window will close. ‘no’ can be useful when you
want to run HiLiTE unattended. By allowing HiLiTE to completely
exit, you ensure that all resources (such as MATLAB licenses) are
released when processing is complete.

timeCode (Default = no) indicates whether you want timing information
to be included in the HILITE.log. Possible values are “yes” or “no.”

cleanlinessCheck (Default= yes) indicates HiLiTE should check the
model to make sure it is properly constructed and contains only
supported blocks before attempting to generate code or test
vectors. Possible values are “yes,” which tells HILiTE to do the
check, and “no,” which tells it not to.

CreateModelQueriesFile (Default=no) indicates whether or not you <HILITEMgmt CreateModelQueriesFile ="yes" />
want HIiLIiTE to create an additional file “<modelname>_Matlab.txt".
“Yes” will make HiLITE to run MATLAB normally and load the model
from it. It performs test generation or model analysis as it would do
normally, but in addition, HiLiTE will also create a file named
“<modelname>_Matlab.txt” that contains all the queries/responses
that HILiTE exchanged with MATLAB when loading the model. No
means additional file is not generated.

ReadModelQueriesFile (Default=no) indicates whether or not you want | <yiLiTEMgmt ReadModelQueriesFile="yes" />
HILITE to read the file “<modelname>_Matlab.txt” instead of
opening MATLAB. "Yes" will make HiLIiTE not to run MATLAB but

<HiLITEMgmt cleanlinessCheck ="no" />
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

read the “<modelname>_Matlab.txt” file and load the model from it.
It performs test generation or model analysis as it would do
normally. No means HiLiTE opens MATLAB and reads the model
from it. Using the Yes option, HILITE can be used on machine that
cannot run MATLAB provided “<modelname>_Matlab.txt has been
created earlier by running HIiLiTE on a machine with MATLAB using
the CreateModelQueriesFile option.

<Translation />

Use this optional sub-element of <Column> to convert column values.
Translation uses a simple string substitution and also supports regular
expressions (reference a document that defines regular expression
syntax). Any number of Translation elements can be contained in each
Column element.

Translation elements have two required attributes: from and to. Either
attribute can contain an empty string.

<Column name="utype" col="1">
<Translation from="flag' to="UniversalBoolean'/>
</Column>

<Model> sub-elements

<Block/>

<BlockType/>
<TemplateProc>

Use these elements with the TestGen command to select specific
blocks to test rather than testing all blocks in a model.

All three elements have a single attribute: name

<Block /> and<BlockType /> are sub elements of <Model>
<TemplateProc /> is a sub element of <BlockType > or <Block/>

In the example on the right, the block with the label
'FaultDetectUnlatchl' and ALL blocks with type '"AND2' will be tested.
Only the blocks meeting these criteria will have tests generated.

For individual blocks or block types, you can optionally specify which
template procedures should be used for test generation. In the
example, the template procedure with the name '1 1' will be used to
generate tests for the blocks of type 'AND2'. Because a template
procedure is specified, only the specified template procedure(s) will be
used in an attempt to generate tests. If no procedures are specified,
then all available template procedures will be used.

Note that template conditions already set some limits; these conditions
will still be evaluated.

<Command name="TestGen' >

<Model name="YX440d">
<Block name="FaultDetectUnlatchl' />
<BlockType name="AND2'>
<TemplateProc name="1 1" />
</BlockType>

</Model>
</Command>
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Name, and/or OptionSet

<OptionSet name= This OptionSet and option key combination disables the HTML report. ) . ) o
"ReportingOptions” This option in useful when running very large models for which HTML <OptionSet name="ReportingOptions">

_ . <Option key=
Required subelement Eere?;tjlt?lY(Zse; long time to generate. Set the key to Yes or No "GenerateHTMLVectorReport">No</Option>

<Option </OptionSet>
key="GenerateHTMLVec
torReport"> </Option>

<OptionSet>
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5 Generating Test Cases

HILIiTE generates test cases based on MATLAB Simulink and Stateflow models. You can use the test
cases with SATGT, CTP, or other test harnesses to test the code based on the same models. The code you
test does not have to be generated by HiLiTE.

This chapter describes:

How HiLIiTE processes input to create Simulink test cases.

Examples of command files for generating Simulink test cases.

How to specify output formats for test vectors.

How to interpret and use the generated Simulink test cases and accompanying reports.
How to the specify format (test harness) in which HiLiTE should create test cases.
Specific test generation examples.

How to specify tolerances for output values.

For information about generating test cases with Stateflow models, refer to Chapter 6.
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5.1 HiLIiTE Command File Processing

Figure 17 illustrates how HiLiTE interprets information in the command file to process input and generate

test cases.

modelname.hilite

HILITE command file
instructs HiLiTE where to
find model and includes
command to generate
tests <Command name =
'"TestGen'>

Range Files

HiLITE
Templates
Specification
(XML)

Matlab

HILITE

1 Reads range files
(named in parameters)

and HiLITE database for
configuration information

v

2 Starts & runs Matlab in
background

v

3 Begins processing

<Command> (TestGen)

Model

» 4 Opens model named in
<Model> element

'

5 Uses MatLab API calls
to query models,
function blocks,
connections

'

6 Computes data type
and range on each
block's inputs and
outputs using the range
and data-type values at
the model inputs.

(optional)

v

7 Generates test cases

Output range
files

Figure 17 - How HILIiTE generates test cases

P> Test Cases

HiLiTE gathers data from all the range files you specify in the command file and then reads in the tool
configuration data (block and template specifications). It applies this data to all the models it will process
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Test Generation Command Files

to generate test cases. (Note: you can modify the tool configuration data, as described in Section 10.5
Managing Configuration of Changes to Blocks and Templates.)

5.2 Test Generation Command Files
Figure 18 shows the contents of a simple command file for generating tests from one model.

<Extension> tells
which block libraries
should be
referenced

<ProjectPath> tells where the model and
<HiLiTEParameters > range files reside. A dot (.) means use
<ProjectPath>. TojectPath> the directory wher the command file is.

You can also enter a full path name.

<Extension>HAM</Extension>

/<C:)mmand name="TestGen"> «

Model “BasicMath® 7 <Command> tells HILITE
<Model name="Basichat > to generate test cases.

< >
/Command <Model> subelement

</HiLiTEParameters> gives the name of the
model to use.

Figure 18 - Simple test generation command file

To generate tests in HILIiTE, your command file must include a <Command> element with a name
attribute describing the command operation (e.g., TestGen tells HiLiTE to generate tests for the model).

Optional attributes for the Command tell HiLiTE where to place the reports (ReportPath) and test vectors
(TestPath). If you do not include path attributes, test cases (vectors) and reports will be placed in Vectors
and Reports subdirectories of the command file root directory.

The Command element must include a <Model> subelement for each model you want to process. Each
<Model> element must include the name of the model (without the extension .mdl) for which test vectors
will be generated. Figure 19 is a slightly more complex command file that includes <ColumnSpec> and
<SymbolFile> elements.

<?xml version="1.0"7>
<HiLiTEParameters>
<ProjectPath>.</ProjectPath>

<I-—Specify the directory to store reports -->
<TestOutput root="_"">
<Category name="Reports''>StrangeSumOutput</Category>
<Category name="Vectors''>StrangeSumOutput</Category>
</TestOutput>

<I- Specify that you are using HAM block library in MATLAB -->
<Extension>HAM</Extension>

<ColumnSpec>
describes the type
of data HiLiTE will
get from the
symbol files and

how it is formatted.

<Column> tells
which columns to
use.

<I— describe range format -->

= <ColumnSpec specName=""OpRangeOnly" delimiters="," commentChars="#"
titleLines="1">

<Column name="symbol" col="0"/>

<Column name="opmin" col="1"/>
<Column name="opmax' col="2""
—»</ColumnSpec>

<SymbolFile> tells where ranges used
in the models can be found. You can
list as many range files as needed.

<I— specify nam
<SymbolFile

range file -->
Name=""StrangeSum_Ranges.csv' specName="OpRangeOnly" />

<I— gpecify operation (generate test; models to test)-->

<Command name="'"TestGen''>
<Model name="'StrangeSum' />
</Command>
</HiLiTEParameters>

Figure 19 - Test generation command file with column specification
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5.3 Specifying Test Vector Output Formats

By default, HiLiTE generates a .csv file of test vectors formatted for the HiLiTE Test Harness. If you are
using a different harness, you must specify the output to generate using an OptionSet element. In Figure
20, we tell HILIiTE to generate test cases in a format (.tpi) for CTP test harness.

<?xml version="1.0"7>
<HiLiTEParameters>
<ProjectPath>.</ProjectPath>

<I-—Specify the directory to store reports -->

<TestOutput root="_"">

<Category name="Reports''>StrangeSumOutput</Category>
<Category name="Vectors''>StrangeSumOutput</Category>
</TestOutput>

<I-—Specify to HILIiTE the block library being used -->
<Extension>HAM</Extension>

<I— describe range file’s format -->
<ColumnSpec specName="OpRangeOnly" delimiters="," commentChars="#"
titleLines="1">
<Column name="symbol"" col="0"/>
<Column name="opmin" col="1"/>
<Column name="opmax" col="2"/>
</ColumnSpec>

<I— specify name of range file -->
<SymbolFile fName="StrangeSum_Ranges.csv' specName="OpRangeOnly" />

<I— gpecify operation (generate test, test harness, model)--3

o e T * _ <Opti0nset> can
<OptionSet name="General'> specify severa
<Option key="OutputGenerator">CTP</Option> options (see Table
</OptionSet> 2); in this case we

<OptionSet name="Source’”> tell HILITE to out-
<Option key="Declarations”>{model}_h</Option> put test cases for

</OptionSet> the CTP harness.
<OptionSet name="CTP"> ObtionS
<Option key="OutputBy'>model</Option> <OptionSet

<Option key="Partition">QT</Option> name="CTP">
<Option key="AnchorFormat”>CTP_{partition}_{nodename}</0f specifies the
<Option key="VectorFormat" ~IPI</Option> format for the
<Option key="FileNameFormat">{par {nodename}_ctp</ output (CTP can

</OptionSet>

<Model name="'StrangeSum" />
</Command>

</HiLiTEParameters>

Figure 20 - Test generation command file specifying test case format

Note: For more information about using the CTP OptionSet, refer to Appendix F.

use three formats).

Note2: This figure illustrates the discussed concepts, the strangesum.hilite file example included in the

HiLIiTE installation does not include OptionSet elements.
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5.4 Generating Tests
The command file example in Figure 21 generates test cases for a HAM model.

<HILiTEP ers
ectPath>C:\HiLiTE\examples\HiLiITE-TG-HAM\MathExamples</P ectPath>

utput root="."">
<Category name="Reports'>TestGenOutput</Categor
<Category name=""Vectors''>TestGenOutput</Category.
</TestOutput>

<Extension>

<Command name="TestGen">
<Model name="BasicMath® />
</Command>

</HiLiTEParameters>
Figure 21 - Test generation command file

This command file is a variation of the that shown in Figure 18. It differs from the previous example in
that the file includes specific path references for finding the input (<ProjectPath>) and placing the output
(Vectors and Reports in the TestOutput element). The command window information is shown in Figure
22.

Command Prompt - Hilite BasicMath. hilite

C:SsHiLiTEsExamplessHiLiTE-TG-HAM“\MathExamples>Hilite BasicMath.hilit S
HiLiTE Uersion 7.6.2.8 - Honeywell Confidential — Copyright 20085- 2318 Honeywell International Inc.
This copyrighted work and all information and expression are the property of Honeywell International
Inc.. contain trade secrets and may not, in whole or in part, be licensed,. used, duplicated. or dis
closed for any purpose without prior written permission of Honeywell International Inc. All Rights R
eserved.

NHote: The following log contains specific veports of errors in the inputs to HiLiTE <(command file, m
odel. range filesd.

The log also contains diagnostic information to help in future enhancements to HiLiTE; which =
hould he ignored by the user.

Processing HiLiTE Command File: BasicMath.hilite ...

i Initialization of data types, default ranges and max allowed ranges:
fAll real data types in the model will be interpreted normally <32 or 64 hits)>; as per default
Target Data Type definitions used: HAMRTU; as per default
Maximum Allowed Range for 32-bhit floats is »[-3.402823E+38:3.482823E+381; as per default
Default Ranges for Data Types:
float — »[-1000:188@]1 as per default; double — »[-1888:18001 as per default; int — il[-188:180]
az per default; unzigned int — i[B:180]1 as per default;
Loading HiLiTE BlockTypes from HiLiTE Standard XML file: C:“\HiLiTExData“HiliteBlocks.xml
Loading Test Case Templates from HiLiTE Standard XML file: C:~HiLiTExData“HiliteTemplates.xml
Qi Starting Matlabh please wait .......
MatlabEngine ¢DLL> version 5.1

Using MATLAB Version 7.1.8.246 (R1i4> Service Pack 3

HHHiEE Start processing model: .N\BasicMath.mdl

.“BasicMath.mdl - Checking for model cleanliness and unsupported blocks

BasicMath.mdl — rate for nodel = 46.8Hz

BasicMath.mdl — Preprocessing model, applying connectivity transfoemations,. flattening subsystem hie
rarch

BazicMath.mdl — Initializing all real C(non—virtwal) bhlocks in the model

il BasicMath.mdl — Propagating Data Type, Range. and analyzing cycles (feedback loops>
BazicMath.mdl - Skipping StateFlow test generation since there are no StateCharts in the model
BasicMath.mdl - Performing final setup for test generation search

dHitiH BasicMath.mdl — Generating tests for blocks within main model
#t Test Generation parameters for Model BasicMat
Max Search Iterations allowed for each test case step = 4888
Test Generator WILL propagate constraints — as per default
Requirements Coverage fAnalysis performed to meet DO-178B Criteria
Model Inputs Robustness Coverage NOT selected — as per default
Model Blocks Robustness Coverage NOT selected — as per default
Interface (instead of Functional) Coverage for hlocks implemented as ext functions NOI selected —
az per default
Automatic past-value override of unit delays is not allowed
Uze of override capabhility of Stimulation bhlocks is not allowed
HiLiTE Suggestions for Stim and Obsveration Points will NOT he made — as per default
Infinite time spiral not possible; Max times same prev step value allowed to occur =
Standard Test Case Templates are used for all blocks — as per default
HiLiTE Released Templates Uersion: 7.6.8.8; Template Family Revision: Standard=18
M Test Generation completed for model BasicMath: Requirements Couerage = 183.833/
BasicMath.mdl — Formatting Test Uector output in HiLiTE Test Uector csv fo
BasicMath.mdl — Writing HTML Test Uector Report: C: \H1L1TE\Examples\H1L1TE TG HAM~MathExamples™.\Tes
tGenQutputsBasicMath_Report.htm
i BasicMath.mdl — Finicshed processing model. Mo errors. Total model processing time: 4.8 second

Model import. library mapping,. checking: 4.2 seconds; Preprocessing and model transformati
ons: B.B8 seconds
Model analysis — range propagation,. cycles: B.1 seconds; Simulink test gen + vector output: B

.5 seconds
HiLiTE finished normally in 11 seconds.
Press Enter to exit HiLiTE... AJ

Figure 22 - Command execution information for BasicMath.hilite test generation
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5 Generating Test Cases

Figure 23 shows the model against which the command file instructions are run and Figure 24 shows the
range values and data type for input2 of the model.

[input1 @, L [1] >_|"+
+ ]

[inputz 1, Ly [2]

Linputs ., L) 3]

sUm

[inputa @1, . L) [4]

gain ~a
i
—
min
X
> >
product

Figure 23 - Simulink model for BasicMath

<} BasicMathfinput2

Part Mame:

input2
Port Mumber: 2
Dimenszions (-1 for dynamic): A
Sighal Mame [see below): =

(= Propogate from upper; = Propogate pott name)

Defing as Bus Okject: D

Data Type: doubledfingt -
Lowver Range: g

Upper Range: 12

Sighal Units (rmanual entry;

Sigral Units (standard entry Y pgamoal Selection j
Software hitial gt

DEOS Conzumed Type: Latched j

[ Help

J |

Resert ] [ ke ]

output1 (3] [1]

output2 (3] [2]

Figure 24 - Input details showing Data Type and Normal Operating Range

Because BasicMath.mdl already includes range values for all inputs, it is not necessary to include a range
file with the model or to reference one in the command file.
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5.4.1 Generated Tests and Test Reports

HiLITE test generation produces four types of test-related files:

Test cases in a format specific to the test harness to be used. HiLiTE produces one test case file
for each model. It names the file for the model with a harness-appropriate extension, for example
<ModelName>_Vectors.csv or <PartitionName>_<ModelName>_ctp.tpi. This file includes
actual test cases that will be run in the test harness against code. While this file may have a fairly
simple format, it is not intended to be human-readable. If you request CTP test output, HiLITE
generates a text file that identifies the test case templates used in each of the vectors (.tpi) files.

Externally visible variables associated with inputs, outputs, and observation points appear
explicitly in the test vector files, but constants used in a model do not since they are hardcoded in
the model’s code and cannot be manipulated from a test harness. If a constant feeds an input of a
block being tested, the vector file will not show any variable set for that input. Also see *Note
below for more information.

Test case Report in html format. Reports are named for the model, e.g.
<ModelName>_Report.htm. Figure 25 shows part of the test report for the BasicMath model
shown in Figure 23. Note that this is an “unqualified” output of HiLiTE, intended for user
guidance only. See *Note below for more information.

Status Report in html format (partial report shown in Figure 26)that tell which procedures could
be generated and which could not. You must manually the procedures that could not be
generated. Check list file names are in the format <ModelName>_StatusReport.html.
"Completeness" as described a status report refers to completeness as requested in the command
file—all the template procedures you requested with valid conditions successfully created test
cases. It does NOT mean that ALL the available template procedures resulted in test cases. See
*Note below for more information.

Model Summary in xml format that summarizes the HiLiTE results, showing the models used,
success of the Simulink and Stateflow test generation, success of the model analysis, and error
status. The file name format is <ModelName>_Summary.xml. Note that this is an “unqualified”
output of HILITE, intended for user guidance only.

Writer Report in text format that lists for each local and output variable the actions that write to
that variable only for Stateflow charts. This is useful for understanding uninitialized value error
messages.Reports are named for the statechart, e.g., <chartName>_WriterReport.txt. Note that
this is an “unqualified” output of HILIiTE, intended for user guidance only.

*Note that when the the LargeStateflowModel option is used, HiLiTE splits the Simulink and Stateflow
level test cases into multiple csv or tpi files by appending 000<Num> at the end of the file name. For
example: <ModeName>_Vectors0001.csv(or <PartitionName>_<ModelName>_ctp0001.tpi),
<ModelName>_Vectors0002.csv(or <PartitionName>_<ModelName>_ctp0001.tpi) and so on... The
Reports are split into multiple files in the same manner, e.g., <ModelName>_Report0001.htm
<ModelName>_Report0002.htm, and so on.
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23 BasicMath TestGen Report - Microsoft Internet Explorer,

File Edit ‘Wiew Favorites Tools  Help . :,
~
Test Generation Report for Model: BasicMath Rev: -
Honeywell Confidential - © 2005-2010 Honeywell International Inc.
This copyrighted work and all information and expression are the praperty of Honeywell International Inc, contain trade secrets and may not, in whole orin part, be
licensed, used, duplicated, ar disclosed far any purpose without prior written permission of Haneywell International Inc, All Rights Reserved,
Auto-Generated by HIiLiTE Yersion 7.6.2.0 on 8/6/2010 11:51:11 AM
HILiTE Released Templates Version: 7.6.0.0; Template Family Revision: Standard=10
Template Family Used: Standard
Show Help Show Legend
Tests for Block: gain
Block Type: Gain; Mask Type: Gain (HW) 0
Test Case Templates (Standard): NearMin, NearMax, Zero
Block Under
Test Ports
Me. of ::':;:I Input | Output
Test Case Name Test Case Description Test Requirements Covered Time n Step Description
Steps min — T 14
masx = 15 a0
. ) ) . . input = op range min: output = op
MearMin e mim; e Functional: Mon Zera Cutput 1 i 14 range min
) ) ; . inpUt = op range max; oUtput = ap
MearMan ¥ e Functional: Mon Zera Sutput 1 13 30 Fange man
Zaro aima Functional: Zero Out 1 n] ] Zero output
Farmula:
position mouse over a table cell to display its formula; over a heading to display help/details —
Generated Test Vectors
signal name - - gain.Gain_1_TP$
range Input Qutput
Time P
Test Case Mame Steps min = T 14
mas — 15 30
MearMin 1 7 14
MearMan 1 15 30
Zero 1 C.000000E+ |0.000000E+
For Help or Legend, see top of page.
Tests for Block: min v
< |
&] Done “§ My Computer

Figure 25 - Test report for BasicMath
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Y TestGen Status - BasicMath - Microsoft Internet Explorer E|@|
File Edit  Wiew Favorites Tools  Help GE.‘; -

)
g{r

Pt

Test Generation Status Report

Model BasicMath.mdl Rev: -

Auto-Cenerated by HiLITE wersion 7.6.2.0 on /452010 11:51:10 AM
Honeywell Confidential — @ 2005-2010 Honeywell International Inc.
This copyrighited mrodk and a1l rdormation ad expressiom are the property of Hoveyare]l temational B cortain trade seaets amd magrrot, it wduole or ropart, e licensed, need,
dplicated, or disclosed for avvy pumposs withont prior writte pemmies ior of Horwymaee 11 Btemational B, 211 Bighte Becamed.

User Specification of Data Type and Range for Model Inputs and Feedback
Loops

Allinpat data tyrpes and ranges are specified.

Test Generation Summary

HiLiTE Released Templates Version: 7.6.0.0; Template Family Revision: Standard=10
Template Family Used: Standard

Simulink Blocks Requirements Coverage = 100,000%
(coverage conputation hased upon Template Family versions listed above)

Test Generation Directives and other Options Used

Functional Requirements Coverage conputed for all hlocks

Blocks isolated as separate function units (e.g., StateFlow charts)will be tested using model-level tests
Use of Unit-Delay Past Value override is not allowed as a secondary stimulus means

Use of Stimulation Block Override is not allowed as a secondary stimulus means

Standard Test Case Templates are used for all hlocks

HAM Elock Level Test Poinis are On

Model Level Test Points are On

Test Generation for Blocks' Requirements

(INote: Any reporting of potential testahility limitations for blocks is intended only as guidance for the user in determining the
cause of missing requirements coverage.)

Block gain, Template=Standard: All Functional Requirements Tested

Block min, Template=Standard: All Functional Requirements Tested

@bl Dane j Iy Computer

Figure 26 - Status report for BasicMath.mdl
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5.4.2 Browsing Test Reports— Test Case Templates and Generated Vectors

A test report (model_Report.htm) is a readable version of generated tests. It includes color-coded tables
of the templates and the test cases they generated. You can read this file in any browser. (Note that these
reports are “unqualified” and cannot be used to claim credit for DO-178B objectives. The content and
formattin of the fields may change with HIiLiTE releases.)

The report shows the tests in alphabetical order of the blocks. For example, the first item in the report
shown in Figure 25 for the model in Figure 23 is Block: Gain, while the first block in the diagram is
Suml. For each block, the report includes a description of the test template and a table of the test cases

produced with the template. Figure 27 illustrates template and test vector tables for the Min block in the
same model.

<2 BasicMath TestGen Report - Microsoft Internet Explorer
. »

&) . Elle Edit Wiew Favorites Tools Help

| Address | CHILTE|Examples|HILTE-TG-HAMMathExamples) v | [£g o "f

Tests for Block: min “
Block Type: Min; Mask Type: Minimum {HW)

Labels for i/o ports.
Test Case Templates (Standard): Check Each Input [1], Check Each Input [2] (vellow)

Block Under Test Ports /

Normal

No.of | Range Input[1] Imput[2] Cutput
S Test Requirements .
Test Case Mame Test Case Descripton Covered 9:.;:!5 min — 7 14 2 Step Mln/MaX normal
max— | 17 30 e values (mauve)
Check Each Input | . Functional: Set uniqud
[1] A Mormal&peration (1 of 2] 1 7 30 inp |
Cheack Each Input | Functional: !e; |nput and eXpeCted
2] >l unigue vilue al ea Mormal ti 1 17.0034 17 17 ;
peration (2 of 2) inpy Output Values
~J (white)
Formula:

unigue [Input[2],op.mdvl) <4—— Formula for input or expected output values—hold

cursor over the (white) cell for which you want info.

Generated Test Yectors

signal name - --- surm. 01 |gain.©1 min.Min_1_TP$

range Input[1] Input[2
Time

Steps min
max

Test Case Name

Check Each

Input [1] 1
Normal range values £.00136 8.5 (12,00204(17.0034) 17 17 Computed values
specified in model or  kf page.
symbol file v
: >
ﬂj Done _J Iy Computer

Figure 27 - Template and test case for min block

For each block, the test report includes two tables: a test case template(labeled “Test Case Templates™)
and a test case (labeled “Generated Test Vectors”) .The green labels in each table indicate the input and
output ports for the block. In the template procedure, mauve rows are the minimum and maximum
allowed values for the ports. Additional blue rows in the test case label the input and output according to
the model diagram. White rows hold the inputs and expected outputs for each step of the procedure. Click
on “Show Legend” for information on legend being used in the model_Report.htm.
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Test Generation Report for Model: BasicMath Rev: -

Auto-Generated by HILITE ¥. 7.5.0.1 on 1/7/2010 2:01:54 PM
HILITE Released Templates ¥ersion: 7.5.0.0; Template Family Revision: Standard=4
Template Family Used: Standard

Show Help | Hide Legend |

Legend:
 model input signal {inport) : model output signal (outport)
. input or output port of Block Under Test : & constant
' min or max value of normal operating range for this column's signal : extra execution step inserted for signal setup/pass-thru

v & wvalue in this cell was altered to fit within Max allowable Range, review template to ensure this is not an error
B The formula value in this cell is either malformed ar entirely outside the Max Allowable Range; correct the termplate

+ a normal test case not requiring model initialization before its first step

—— 3 tE5t case that requires model initialization before its first step

norber, ¥ 0 Don't Care - nominal walue computed as necessary

Figure 28 - Legend in the model_Report.htm

When you move the cursor over a cell in a test case step, the text box below the template table shows the
formula used to compute that value. In Figure 27, the Formula box shows how the value for the cell
under the cursor is calculated.

In general, test case tables show input columns first with their expected outputs following. For an input
that depends on output from a preceding block, the sequence of inputs to the preceding output is also
included. For example, in Figure 27, Min depends on the output of both the Sum and Gain blocks
(labeled above as sum.O1 and gain.O1). Sum is calculated from Inputl and Input2.

5.4.3 Using Observation Points for Measuring Expected Output

Forward propagation methods can run into difficulties due to complexities downstream from the block
under test. The model in Figure 29 illustrates this issue.

nternal TestPoint Enabled

r

Block Undar Tast // Downitream Block
{Mm#s C=pendent] If [Timi& Dapsndsnt]
i 1 _.-J Ode=i
reetl A0 4y . N —<_culouti =101
s 055+ 0.2z=1
gain
limit 23 =adlag
ETTR T i ey 1pm=d)
| =
"_Tl o CUlpUEZ (@) [31]
rpeiz {f, 0, L} [2] -

]
5

Figure 29 - Forward propagation difficulty with time-dependent blocks in series

The example model has no backward-propagation difficulty in generating the test cases for block lag.
However, in the forward path to the measurable point Outputl, forward propagation must occur through
the gain and then leadLag blocks. The test case for the lag block is a time-sequence of vectors that must
be propagated forward through another complex time-dependent block, leadLag. Using an observation
point on the intermediate signal in the path to output can circumvent the difficulties presented by this
forward propagation.
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Observation points (also called test points in MATLAB terminology) are externally visible global
variables in the model’s generated code. Three types of observation points are available:

1. Implicit block type test points are internal within most HAM blocks
2. Explicit, model-specific test points can be included at the model level.

3. BlocklOVariables are implicit test points at the input of certain special blocks such as Stateflow
charts and conditional subsystems.

Specifying use of observation points

When code is generatated for a model from HAM and RTW, you can selectively enable or disable
specific types of observation points. When a type of observation point is disabled, HiLiTE will not
generated any global variable for it in the code. The default code generation options enable all three types
of observation points (they correspond to default options for code generation using HAM and RTW).

Option keys in the SignalBoundaries option set let you specify which types of observation points are
enabled in the code generated for a model. The SignalBoundaries Option keys related to observation/test
points are: BlockTypeTestPoints

BlockTypeTestPoints. The default of On indicates that that internal block-level (e.g. inside HAM block)
test points are present in the model’s code as externally visible global variables, so HiLiTE can use
these variables as observation points in the test vectors it generates. Setting this option key to Off
instructs HiLiTE not to use internal block-level test points as observation points in test vectors.

ModelSpecificTestPoints. The default of On indicates that model-level test points (“lollipops™) are in the
model’s code as visible global variables, so HILIiTE can use them as observation points in test
vectors. Setting the option key to Off instructs HiLiTE to not use model-level test points in test
vectors.

BlocklOVariables. The default of On indicates that 1/0 variables for certain types of blocks are in code
and HIiLIiTE can use them as observation points in test vectors, irrespective of the other test point
options. Setting the key value to Off instructs HiLiTE that other TestPoint options are still
applicable.

The UseExplicitPortvariableNames OptionSet lets you specify explicit testpoint variables in the
HiLiTE Command file. Use this OptionSet to give the fully qualified names of the output port for which
HiLiTE needs to find a test point variable.

Specifying port variable names

UseExplicitPortvariableNames is also useful when HiLiTE is unable to find a variable for the output
port. In that case, HiLiTE logs an error in the log file. For example, in this snapshot from the HiLiTE.log,
HiLiTE couldn’t find a variable for chart output port 7 ( NumState.O7):

[ERROR] No match found for Test Point: output port: NumState.07, Test point block
name: NumState TP$
[ERROR] Parsing for test points failed. No CTP output will be generated for model
Chart_To_Terminator
[ERROR] Attention HiLITE Users!!!! Use (or Check) following option in hilite file.

The value of the key is the actual test point variable for that output port. To find the variable for the
output port that HILiTE couldn’t find, read the .h code in Block_IO structure.
For Example:

/* Block signals (auto storage) */
typedef struct {

int32_T oHamState;

boolean T SF Out6;

boolean_T SF_Out7;

boolean T SF _Out8;
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} BlocklO_Chart_To_Terminator;

/* Block signals (auto storage) */

extern BlocklO_Chart_To_Terminator Chart_To_Terminator_B;

The value for the key with the Block_IO Structure variable and dot operator, here
Chart_To_Terminator_B.SF_Out7. In the command file, you would include this parameter:

<OptionSet name= "UseExplicitPortVariableNames'>
<Option key= "Chart_To_Terminator/NumState.07">
Chart_To_Terminator_B.SF_Out?7
</Option>
</OptionSet>

5.5 Examples of Test Generation

The following examples show you how HiLIiTE handles specific model features. The examples include
illustrations of the model features and relevant portions of the html reports generated from each model.

5.5.1 Validated Localizer

The Validated Localizer model illustrated in Figure 30 uses HAM blocks and was developed from the
following requirements for localizer signal processing:

e The incoming localizer signal shall be declared valid for use by the system if the raw signal valid
is true continuously for at least one second.

e The incoming localizer signal shall be declared invalid for use by the system if the raw signal
valid is false continuously for at least 0.5 seconds.

e The incoming localizer signal shall be attenuated by -3dB at a frequency of 5 Hz and by -20dB at
50 Hz.

e When the raw localizer signal is invalid, the input to the attenuation filter shall be held to the last
valid value of the raw input.

e When the incoming localizer signal is declared invalid for use by the system, the output of the
value to the system shall be set to 600 microAmps.

HiLiTE generates tests from this model, then runs the tests to validate the assumptions in the model (that
is, it does not test against the original requirements). If the test harness output does not reflect the
expected output, the code in the model is not properly implemented. Figure 30 through Figure 32 show
the models and parts of the HiLiTE testing reports.
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— 1z

'aStRa"{Vl\éE‘ggva'”e invalidDefault
o c=double(600)

rawLocalizer (f, 0, L) [1] P(-0 > 1 |0 ———®»< localizer (a) [1]
—>

0.0318s+1 localizer
I " o]
rawValidSwitch (y0=u0) validSwitch
A
rawLocalizevalid (b, 0, L) [2] 7 o [ocaizervaia < Iocalizervalid (a)[2]]

validDebounce
(1 sec ON, 0.5 sec OFF, IC=0ff)

Figure 30 - Validated localizer model
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Figure 31 shows the portion of the HILIiTE test report relating to the Lag filter (middle block in Figure
30). The top table is the test case template and the bottom table shows the generated testing results. There
is only one test procedure covering the lag filter.

EEX

< Validatedl ocalizer TestGen Report - Microsoft Internet Explorer
; =

© Ele  Ed

: Address @ ctions\HILITECUtput validatedLocalizer_Report.htm % | 24 Go ""'

View Favorites Tools  Help

N

S

Tests for Block: lag
Block Type: LagFilterFixedTau; Mask Type: Lag Filter (HW)

Test Case Templates (standard): Initial Qutput ¥alue, Normal Range Boundary Down Response, Normal Range
Boundary Up Response

Block Under Test

Ports Step descriptions tell
No. of | pormal oout | Gutput what the test should
S Test Requirements : nge _ |
Test Case Name Test Case Descripton Covarad ;—‘I::'IE mmim - | -e00 _eon Step Des¢drp| cdo at each Step_
ps
rmax — | 600 500
Initial Gutput s . I Zet initial value and output
Value Functional: Initial Sutput 1 600 600 changes immediately
start at initial cond., input =
1 600 600 as
_ _ Input to oper range min,
3 500 -s0.033701 measure output at 1 * Td
Hald input, measure output
- -2ETINGTI99
Mormal Range T Functional: Filter Repanze 3 800 at2 *Td
Boundary Down [Tast down response of the filte Dawn Hold i t tput
R _ _ old input, meazure outpu
esponse 3 BO0[-517.958z20 sta *Td
_ _ Hold input, measure output
3 B00/-568. 31036\ " "y 1g
3 -600-587. 76009 |d input, rmeasure output
1 —s00! -600 start Xt initial cond.. input =
Input to \yper range masx,
3 600 |30.0357010 rmeasure Agkput at 1 * Td
Hold input, Ngeasure output
3 600 |387.579990
Mormal Range Tes * |Functional: Filker Resonse st 2 *Td
Boundary Up T up Haold i t tput
R old input, melsure outpu
esponse a G600 |517.954200 at= *Td
3 600 |ses. 310362 Held input, measd=In the template, the
! at4 * Td
Hald input, measdsOUTRUL column shows
3 600 [557.760090) 4 5« 1q what's expected
Farmula:

position mwouse over & table cell to display its forwuls; over a heading to display help/details

Generated Test Yectors

signal name — -_ rawValidSwitch_Memory, O1 lag.Lag_1_TFP$

range Input Cutput
Test Case Name E;::s min — | -600 0 -600 -600
mmax — 600 1 &00 &00
Initial Gutput
oo 1 600 1 600 500 / In the generated test
1 &00 1 &00 &00 vectors, the output column
2 “e00 1 ~a00 " shows actual results. Here,
1 ~500 1 —600 s0.035701 we see that the model lag
5 ~a00 1 ~600 X filter is behaving as
expected; therefore the A
£ .
model code is good. —
Figure 31 - Template and test vectors for lag filter block
The procedures do not require the model to be initialized (noted by the green line above each template
and test case). The annotations for the test template and test case results Figure 31 are fairly detailed,
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giving the reader a good understanding of what is being tested. The results show that the template
expectations are being met.

Figure 32 shows a report of the test procedure for the rawValidSwitchl_Memory pattern. This pattern is a
combination of the rawValidSwitch and the lastRawValidValue blocks. The pattern output goes through
the lag filter (see previous example) before input to the ValidSwitch block.

) ValidatedLocalizer, TestGen Report - Microsoft Internet Explorer,

<) © Ele Edit View Favorites Tools Help i Address |@-TG-HAM'l,CompIexFunctions'l,HiLiTEOutput'l,VaIidatedLocaIizer_Report.htm V‘ Go
-
Tests for Block: rawValidSwitch_Memory
Block Type: SwitchUnitDelaySubSystem; Mask Type: not found
Test Case Templates (Standard): InitialConditionTest, MaxInputToOutputWith2StepMemory,
MemorySwitchOperationSequence, MinInputToOutputWithMemory
Block Under Test Ports
No. of h:“;:"g‘:' True Flag |SwitchOut
Test Case Name Test Case Description |Test Requirements Covered Time in - _e0n o _e00 Step Description
Steps
hax — 600 1 &00
InitialCondition . . ) - -
Test rmiszing in the template Functional: Initial Condition 1 H u] u]
1 [lu]u] 1 [lulu]
MaxInputToCutput| . Functional: Marmal
With2StepMarnory [MI55ING i the template Operation 1 H u} [tuln]
1 * 0 G000
1 -600 1 -600 |set memoary from input
1 -599 u] -600  |ignore current input value
MernorySwitchQper [rooma cpemtien of memany Functional: 1 -600 1 —-600  |accept input value
ationSequence MernorySwitchOperationSequence ignore changed input
1 Log 0 =600 | Lo
1 500 1 500 j:fjept changed input
MinInputToOutput | in the & | at Functional: Marmal 1 -6a0 1 -600
WithMernory rnis=ing in the termplate Cperation 1 W% u] —g00
Formula: |in2 .op.min =
Generated Test Vectors
signal name - _ rawyalidSwitch_Mermaory, &1 lag.Lag_1_TFR§
range | Flag SwitchOut
Time =
Test Case Name Steps Min = o -600 -600
hax — 1 &00 600
InitialCondition
Test 1 0 0 0
Unable to generate test case at template row 3t
Tv?tilgsi:ghﬁgnﬁpr:t Reason: HILITE could not generate this test case - perhaps manual test
case can be created
" cwittho Unable to generate test case at template row 5:
ermorySwitchOper T .
StionSequence Reason: HILITE could not generate this test case - perhaps manual test
case can be created
T Unable to generate test case at template row 2@
inInputToCutpu L -
WithM"emow i Reason: HILITE could not generate this test case - perhaps manual test
case can be created =
For Heln arlanend. ses tan of nane. v

Figure 32 - Template and test cases for block rawValidSwitchl _Memory

The validSwitch memory procedure is described in the first table and the generated tests are shown in the
second table. The procedure requires initialization (indicated by the red bar).
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5.5.2 Memory Switch Patterns

HiLiTE supports all variations of memory switch patterns with a Frame Delay block feeding back to the
True or False input of the Switch block. The model in Figure 33 is one example of a memory switch
pattern.

simpleDelayl
{Ic=0}

ST

I

switch1

The test case
template substitutes
one block for the
subsystem (simple-
Delay and switchl)

linport (0, L) [1]

| inportl (f, 0, L) [2]

Figure 33 - Modetinciuding switch delay

HILITE substitutes a single block for the Unit Delay and Switch subsystem with their feedback loop.
Figure 34 shows the entire test report for this model (in this case, SwitchUnitDelayFalseSubSystem)
having two inputs and one output.

Note: This model is %HiLiTEHome%\Examples\HiLiTE-TG-HAM\ComplexFunctions\-
MemorySwitch.mdl. It’s associated command fileis %HiLiTEHome%\Examples\HiLiTE-TG-
HAM\ComplexFunctions\MemoryTest.hilite.
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<2 MemorySwitch TestGen Report - Microsoft Internet Explorer.

File Edit Wiew Favorites Tools Help
A
Test Generation Report for Model: MemorySwitch Rev: -
Honeywell Confidential - @© 2005-2010 Honeywell International Inc.
This copyrighted work and all information and expression are the property of Honeywell International Inc., contain trade secrets and may not, in whele orin part, be
licensed, used, duplicated, or dizsclosed for any purpose without prior written permission of Honeywell International Inc, All Rights Reserved,
Auto-Generated by HILITE Yersion 7.6.2.0 on 7/3/2010 1:57:06 PM
HiLiTE Released Templates Yersion: 7.6.0.0; Template Family Revision: Standard=10
Template Family Used: Standard
Show Help Show Legend
Tests for Block: switch1_Memory
Block Type: SwitchUnitDelaySubSystem; Mask Type: not found
Test Case Templates {Standard): MemorySwitchOperationSequence, MaxInputToOutputWith25tepMemory,
MinInputToOutputWithMemory, InitialConditionTest
Block Under Test Ports
No. of :‘::;:I True Flag |Switch<ut
Test Case Mame Test Case Description Test Requirements Covered Time min = 1 0 0 Step Descripton
Stey
pe max = 4 4
1 1 1 1 setmemaory from input
1 2 u} 1 ignere current input value
MemorySwitchOper ) . Functional: .
ationSequence ! o : MemorySwitchOperationSequence 1 1 1 1 acceptinput value
1 2 o 1 ignore changed input walue
1 4 1 4 accept changed input value
1 4 1 4
m;:gnspt?;rh:?n:zﬁ:t Functienal: Mormal Cperation 1 b4 u] 4
1 x u] 4
m::ﬁ&iﬁ::ﬁ“pm Functional: Mormal Cperation 1 i é 1
_Irlli:LaICondition Functional Initial Condition 1 n a u]
Formula:
position mouse owver a table cell to display its formula: over a heading to display\&@px’details 2 |
Generated Test Yectors X indicates Don'’t Care (value
won't be tested). In generated
signal name —» -_ Dutput test cases, the value is also
N L True Flag Switchout italicized—depending on the
Test Case Name Steps min — 1 u] u] test hal’ness or Othel’
mad = 4 1 £ L
conditions, a value (rather than
1 ; é 1 X) may be shown even though
MemorySwitchOper 1 1 1 1 |t won't be tested.
ationSequence
1 3 u] 1
1 4 1 4 W
@ Done j Ity Computer

Figure 34 - Test report for memory switch
5.5.3 State Flow Charts
State flow chart test case generation is described in Section 6.
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5.6 Specifying Tolerance in Measurement of Expected Output
Values

Each test case contains the expected values of a model output or an observation point variable. To
ascertain the pass/fail status of the test case, the expected value is compared to the actual value measured
on the model’s object code. The pass/fail criteria contains the notion of tolerance; i.e., the actual value
must be within a certain tolerance of the expected value for the test vector to pass.

Significance of tolerance in measurement of floating point values. Floating point computations that
use blocks such as sum, product, divide, filters, numerical errors can occur due to the machine’s floating
point representation inaccuracies as described in IEEE standard 754. Therefore, a tolerance must be used
when comparing expected output values with actual measured values for floating point variables. The
tolerance depends on the size of the target floating point data type. For 32-bit (single) floating point
implementation, the tolerance is higher than for 64-bit (double) floating point implementation. The
tolerance also depends on the type of operation being performed and whether operations are cascaded one
after another (allowing for the accumulation of errors).

5.6.1 Default Tolerances used in Expected Output Measurement

The following tolerances are default HILiTE behavior for the data types:
Integer
Tolerance = £ 0% (i.e., expected and actual values must be exactly equal)

Boolean
Tolerance = £+ 0% (i.e., expected and actual values must be exactly equal)

Floating Point
Tolerance = max(5.0*¥10°%, L)

E = floor(log(TestRangeMax — TestRangeMin)) — N
TestRange is the range of values that normal tests can span;
i.e., it is the operational range at the output being measured
N = 4 for Single Precision (32-bits) or N = 8 for Double Precision (32-bits)
L = 5.0%10°° for Single Precision or L = 5.010™** for Double Precision

(Tolerance used for CTP Output)
Floating Point Tolerance used by HiLiTE Test Harness

(note that floating point tolerance used by by HILiTE Test Harness (HTH) is different than the
formula described above; see Section 11.5 for details.)

Single Precision Floating Point + 0.01 % of expected value, with minimum value of .0001
5.6.2 Need for Specifying a Higher Tolerance than Default

Sometimes, a higher than default tolerance is required because of inherent numerical error in operations
of floating point numbers, arising from the machine’s floating point representation inaccuracies (IEEE
standard 754). The following are examples of such situations®:

1. Multiple cascaded function blocks. Cascaded product, divide, and/or sum (subtract) operations
introduce increased likelihood of inherent numerical error due to the machine’s floating point
representation inaccuracies as described in IEEE standard 754. For example, the final tolerance of

! Excerpted from: SOFTWARE TESTING GUIDELINES for the AS900 Electronic Control Unit, W4207112-1003, Rev -, 30
June 2004
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a product of two uncertain factors is approximately equal to the sum of the numerical error of the
factors. Similarly, the final tolerance of a subtraction of two values is should be computed based
on the sum of the absolute values of the two operands—not on the subtraction result.

2. Certain filters, differentiators, integrators, and other complex blocks. The implementations
of certain complex library blocks use cascaded subtract, product, and divide operations whose
results get accumulated in internal state variables over multiple frames of execution. This
situation can introduce a high inherent numerical error that requires a higher tolerance in test case
execution. One guideline states that a tolerance of up to 1% can be used for these measurements.

Specifying a higher tolerance. HiLiTE provides a mechanism (similar to specifying model input ranges
in a range file) in a CSV file for specifying a percentage tolerance higher than default for certain outputs

or observation points. The CSV file will include the tolpct column (see Table 1. Basic HiLiTE command
file elements).

Consider the example in Figure 35, which contains a series of blocks introducing high numerical error.
The user needs to specify a tolerance higher than the default (0.0.1%) for the measurement of Outputl.

[Input (¢, 0, L) [1]
" i —» A

[Input2 (¢, 0, L) [2] >—|_>+ d s+l
divide leadLag
[inputa (, 0, L) (3] >_|—> (y0=u0)
sum

Figure 35 - Example model with series of blocks introducing high numerical error

Outputl (f) [1]

The following example shows how to include an appropriate specification in the HiLiTE command file:
<ColumnSpec specName="Tolerances" delimiters="\t" commentChars="#"
titleLines="1">
<Column name="symbol® col="0"/>
<Column name="tolpct® col="1"/>
</ColumnSpec>
<SymbolFile fName="OutTolerances.csv® specName="Tolerances® />

Figure 36 shows the content of the file OutTolerances.csv, which specifies the tolerance of 0.1% for the
variable Outputl.

2 OutTolerances.csv - B X
A B C D T
% tolerance
# Model output name or Block output port's name

1 value

2 |#Two Alternative Formats:

3 |# Tolerance specification when expected output is riweaﬁured at a model output:

4 & WNodelOutputMame number

5 # Tolerance specification when expected output is measured at a Test Point after a block:

6 # modelname/blockfullname.OutputPortName number

7 |#

g |Outputl 0.1

9 .
M 4 » M| QutTolerances < ¥ I | i | B [0k

Figure 36 - CSV file input to HiLIiTE to specify the tolerance for an output measurement
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5.6.3 Guidelines for Specifying Tolerance to Override The Default

Tolerance must be specified in accordance with the testing guidelines for a product line or system being
certified. The following examples describe where a larger value of tolerance may be need to be specified,
but reasoned in conjunction with the testing guidelines.

1. Use of single-precision floating point in the target object code in conjunction with function blocks
such as filters and integrators in the models that have complex mathematical operations that can
accumulate numerical errors.

2. Use of subtraction operation in models (where two input values can be close), followed by
mathematical operations such as divide and multiply. The numeric error is exacerbated if single-
precision floating point data type is used.

3. A combination of single-precision floating point data type usage, large values of normal operating
range specified for model inputs, and numerical error-prone mathematical operations can lead to
large numerical errors at the model output values.

4. Use of multiple filters, integrators, or rate limiters types of blocks (that can produce/accumulate
numerical error) in series can lead to large numerical errors at the output.

5.6.4 Floating Point Precision Issues for Specific Blocks

Test vector failures for blocks convFloatToU32 and convU32ToFloat due to precision

Precision loss may cause some test cases to fail for the blocks “Conv Float to U32 (HW)” and “Conv U32
to Float (HW)” ; i.e. if there is a small precision difference in input float value of “Conv Float to U32
(HW)” block, it leads to a considerable difference in calculating the output due to which test case may
fail. A similar problem may occur for a “Conv U32 to Float (HW)” block.

.~ | (132 >float) v | T1.97]
corwl/32ToFloat2_Constl convl3Z2ToFloat Dienla
S=UInt320257160) Bits: O to 31 play

Fange: -100000 to 100000

C o TR E—— 11.97]
convll32ToFloat?_Const2 comd)32ToFloat_1 Dicalav
C=LiMt32(256950] Bit=: 0 to 31 I=piay
Range: -100000 to 100000
L P (float-=u32) o | 2]
corvFloatToll32 3 Constl corvFloatTaol )32 :
c=doukler2) Bits: O to 3 Display2
Range: -5ta 5
C o (float-=u3z) | El
convFloatTol32 3 Const?2 cormvFloatToll32 1 -
c=doubler 2.4y Bits=: Dta 3 Display3
Range: -5to 5

Figure 37 - “Conv Float to U32 (HW)” and “Conv U32 to Float (HW)” blocks simulated in
MATLAB by giving constant input giving same outputs for different inputs.
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In Figure 37, the block Conv U32 to Float (HW) in models Fig 1 and Fig 2 gives the same output value
with different input values. In Fig 3 and Fig 4 the block Conv Float to U32 (HW) also gives the same
output value with different input values.

Test vector failures for after block “AfterconvFloatToU32”due to precision

In the Figure 38 the After block is asking for a value “1.07E+09” from the convFloatToU32 block for
which HiLiTE reverse propagated and calculated 4999.5 as input value. Precision loss in the input value
#4999.5” causes the test cases to fail.

To overcome this failure, increase the tolerance value of the output port (convFloatToU32_Out) should be
increased in Range file (See reference [15] Section 4.2.1.1 “HiLiTE Command Parameters File Elements

Supported by HiLITE-TG” for option “tolpct’ to specify tolerance)

[conFloatToUs2_in_1.0.0) 2] > (foat->u32) —] 2P0 L™ comiFloatTal32_out (2 3]

-2 to 10000
CDE;FS!DDEE §1U32 AfterconvFloatTolJ32

Figure 38 - An example of test case failure for after block”AfterconvFloatToU32”

Column

Content Input Output Execution Result
Column convFloatToU32_in convFloatToU32 Out
Name — _

Failure convFloatToU321_ Out
Vector 4999.5 1.07E+09 (Output:4) expected 1073634450
found 1073634422

Test vector failures for convU32ToFloat due to overflow problem

Sometimes test cases may fail for the blocks “Conv U32 to Float (HW)” because of an overflow issue.
Specify input ranges in such way that output value does not overflow. To detect such errors, check the log
file for Overflow.
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This section gives guidance for using HiLIiTE to create test cases from Stateflow models. It:

o Describes the categories of Stateflow test cases

o Tells how to test isolated Stateflow charts

e Gives instructions for modifying or creating test vectors to help HiLiTE transition to states
e Guides you in selecting Stateflow options to include in the command file

o Describes how to use the Stateflow example supplied with the HiLiTE installation

6.1 Stateflow Test Case Categories

Each Stateflow chart is a separate hierarchical state machine within the Simulink model. HiLITE
generates a separate set of test cases for each chart for the low-level requirements embedded in each chart.
Test cases for Stateflow charts fall into these categories: state reachability, transition reachability, action
coverage, and condition coverage. The status report that HiLiTE generates when running a model, as well
as the onscreen progress, will show you how well each category is covered. The example in Figure 39
shows that HiLiTE reached 100% coverage for States, Transitions, and Conditions. The model had no
actions.

<2 TestGen Status - RiggedUnrigged - Microsoft Internet Explorer

»

File Edit Wiew Favorites Tools  Help Engldress @ggedUnrigged_StatusReport.htmlV = [ ""

|
-

s

StateFlow Chart Requirements Coverage - RiggedUmrigged ' RiggedUnrigged Chart

State Coverage = 100.0% (2 of 2)
Transition Coverage = 100.0% (5 of 5)
Condition Coverage = 100.0% (9 of 9)

ﬁj Done J My Computer

Figure 39 - Portion of Status report showing reachability for Stateflow test cases
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6.1.1 State Reachability

HiLiTE generates a test case for each state (or combination of states if the model contains parallel states)
the test generator is able to reach. This test vector will reproduce the first path found to the state, not the
shortest path and not every path. The test cases are named Reach_State(s)/State names if only one state is
active (e.g., Reach_State/complete or Reach_States/testRunning/computeAvg) in the HTML Report file
and any output files specified in the HiLiTE options. These tests are written as CSV files named Chart
name_Reach_State(s) leaf state names.csv (e.g., WheelRiggingTest_Reach_State_computeAvg.csv) in
the StateflowDebug directory in the vector output directory, where leaf states are active states that have
no children.

6.1.2 Transition Reachability

HiLiTE generates a test case for each transition the test generator is able to fire. The test case is named
Reach_Trans/Origin name_to_Destination name[index] where ‘index’ differentiates multiple transitions
between the same pair of states (e.g., Reach_Trans/complete_to_defaultFlags[000]). Note that a transition
begins and ends at states, not at junctions. A transition may be composed of multiple segments between
junctions as long as the source and destination are states. Segments branching off of junctions can result
in multiple logical transitions sharing one or more segments. For example, if a segment connects a state
with a junction from which two more segments exit, two logical transitions with a common initial
segment result, HILiTE will generate Transition Reachability test cases for all segments. In addition to the
HTML Report file (and any other output files specified in the HiLiTE options), these transition
reachability test cases are written as CSV files named Chart name_Reach_Trans_Origin
name_to_Destination name[index].csv (e.g.,
WheelRiggingTest Reach _Trans_complete to_defaultFlags[000].csv) in the StateflowDebug directory in
the vector output directory.

6.1.3 Action Coverage

In addition to reaching states, HILITE tracks during and exit actions of states to make sure they fire. As
entry action coverage is synonymous with state reachability (as condition and transitions action coverage
are synonymous with transition reachability), they are not tracked separately. After the state and transition
reachability test cases have been generated, any during or exit actions on the states it did reach that have
not fired in the course of the other test cases are specifically targeted. HiLiTE will generate test cases
named Reach_Action/state name_on_action type where action type is either “During” or “Exit” (e.g.,
Reach_Action/complete_on_During) in the HTML report any output files specified in the HILITE
options. Additionally, these test cases are written as CSV files named Chart name_Reach_Action_state
name_on_action type.csv (e.g., WheelRiggingTest_Reach_Action_complete_on_During.csv) in the
StateflowDebug directory in the vector output directory.

6.1.4 Condition Coverage

HiLiTE generates multiple test cases for each truth table decision condition and each transition that has a
guard containing a Boolean expression. For transitions consisting of multiple segments, a conjunction of
the multiple guards are formed. Condition coverage test cases are generated for all of these.

The condition coverage test cases show that every atomic Boolean expression has an effect on the
decision or guard. On transitions, they show that each event in a disjunction of event triggers fires the
transition and that an event that is not a trigger will not fire it. They show that each atomic Boolean
expression in a guard or condition affects the outcome by testing each expression at a time while holding
the others constant such that the overall expression can evaluate to true for the appropriate value of the
“expression under test.”

For transitions, test cases are named Trans/Origin_name_to_Destination_name/length_x/
event(Event_name)/TEST_TYPE/(Expression_under_test). Here x is the number of transition segments of
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which the transition consists, Event_name is the name of the event signal, TEST_TYPE is either
TEST_PASS or TEST_FAIL, and Expression_under_test is the Boolean expression that is being tested.

For truth tables, test cases are named TruthTable/TruthTable_name/DecisionX/ConditionY==VALUE/
TEST_TYPE/( Expression_under_test). Here X is the Decision number, Y is the Condition number,
VALUE is either TRUE or FALSE dependent upon the associated entry in the TruthTable, TEST_TYPE
is either TEST_PASS or TEST_FAIL, and Expression_under_test is the Boolean expression that is being
tested.

6.1.5 HILIiTE Limitations for Stateflow Testing

Stateflow charts that contain bitwise XOR operators (“** when C-bit operations are enabled), functions,
history junctions, temporal logic, and/or external data stores are not supported by HiLITE-TG. Input,
output, and local events, string data types, and user-defined data types (e.g., “structs”) are not supported.
One-dimensional arrays of primitive types in any size supported by Simulink/Stateflow are supported,
however, array notation is not supported—scalar expansion is the only supported mechanism for working
with arrays. Integration with Simulink is limited in that only uniform arrays (arrays in which all values are
equal) are supported.

6.2 Testing a Stateflow Chart as an “Isolated Block” within the
Model

When both a Stateflow chart and its context within a model are complex, HiLiTE can often create test
cases for testing the states and transitions in the chart but cannot propagate all of these test cases through
the model blocks upstream of the chart to the external model inputs. In this case you may need to create
tests for the chart in isolation to make sure the maximum numbers of test cases are generated. The whole
model may not require all possible Stateflow behaviors, so isolating tests will make certain that all
behaviors are tested.

To generate the vectors for the Stateflow chart without the constraints of the rest of the model, include
SignalBoundaries options in the HiLiTE command file:

<OptionSet name="SignalBoundaries'>

<Option key="IsolateBlocks'>0n</0Option>

</OptionSet>
Setting the option key IsolateBlocks to On tells HiLiTE to generate tests for each isolatable block in a
separate test vector file. The isolated file generated is named <PartitionName>_<ModelName>_-
<StateChartName>_ctp.tpi (or .csv). It consists of only isolated vectors. If the model includes more than
one Stateflow chart, HILITE-TG generates isolated files for each Stateflow chart. These isolated vectors
will not appear in the <ModelName>_Vectors.csv test vector file. HILITE-TG correctly sets the model-
level inputs if they are connected directly to the chart or the first available test point variable appearing
upstream the chart. The outputs are the chart outputs.

Consider the example in Figure 40 to see how the inputs and outputs are set in the isolated TPI file. The
model used is Statechart_In_Isolation.mdl (Under ExampleModels).
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Figure 40 - An example Stateflow model to be tested in isolation

The model in Figure 40 includes Simulink blocks upstream of the Stateflow chart. When the chart is
tested in isolation, the model context is ignored and it is tested a standalone against the chart function
<ModelName>_<ChartName> (void) in the .c file. The inputs and the outputs set in the isolated TPI file
will be the global input variables and the chart outputs. “Global inputs” indicates either the model inputs
when chart inputs are connected directly to the model-level inputs or the test point variables found in the
blocks upstream of the chart. When virtual blocks come immediately before the chart, HiLiTE traverses
further backwards until it finds a global variable to set the inputs. In Figure 40, the fourth input will be the
test point of the Latch block, as Demux is a virtual block. Figure 41 shows the inputs and the outputs used
in the isolated TPI. Note: The number of test points will always be zero in an isolated TPI.

Version 7.8

; end datatypes

; all variable names
Inputs:

Direct_Input

Statechart_In_Isolation_B.

Statechart_In_Isolation_B.

Statechart_In_Isolation_B.

; Outputs:

oHamState_Out

Dir_Out

Statechart_In_Isolation_B.

Statechart_In_Isolation_B.

Statechart_In_Isolation_B.

; end variables

; #lnputs #0Outputs #TestPoints #Testcases
11

n_Isolation_B._MultSwitch
In_Isolation_B.Latch_1[0]
In_Isolation_B.Latch_1[1]

In_Isolation_B._Named_Sig
n_Isolation_B._MultPort_Out
In_Isolation_B.Mux_Out2

4 5 0
; all variable datatypes
Inputs:
uint32_T ;Direct_Input
real64_ T ;Statechart_1
boolean_T ;Statechart_
boolean_T ;Statechart_
; Outputs:
int32_T ;OHamState_Out
uint32_T ;Dir_Out
boolean_T ;Statechart_
real64_ T ;Statechart_1
boolean_T ;Statechart_

MultSwitch
Latch_1[0]
Latch_1[1]

Named_Sig
MultPort_Out
Mux_Out2

Figure 41 - Partial view of the isolated TPI file showing the inputs and outputs
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Testing a Stateflow Chart as an “Isolated Block” within the Model

6.2.1 Script to Isolate a Large Stateflow Chart into a Separate Model

The method to improve test generation coverage by considering a StateFlow chart as an isolated block for
testing purpose is sufficient for most cases. Some models, however, may be too large for HiLiTE to load
from MATLAB and process without running out of memory. When this scenario occurs with a large
Stateflow chart embedded within a large Simulink model, a script is provided (isolateStateflow.m) to
isolate the Stateflow chart in a separate model and generate the tests independently from that isolated
model. The isolated StateFlow chart preserves the model rate and certain properties of chart inputs/
outputs so that the test vectors properly reference the StateFlow chart’s inputs/outputs as embedded in the
original model’s code. The inputs and the outputs set in the isolated TPI file will be the global input
variables and the chart outputs. “Global inputs” indicates either the model inputs when chart inputs are
connected directly to the model-level inputs or the test point variables found in the blocks upstream of the
chart. When virtual blocks come immediately before the chart, HiLiTE traverses further backwards until
it finds a global variable to set the inputs. Refer Figure 38 and 39 for example. The generated tests can
then be run on the original source code generated from the original integrated model.

Using the script
1. Set the correct directory path in the MATLAB path

2. Copy the Source code of the model into the directory having the same name as the model. The
source code directory and model should be at one folder level

3. Type isolateStateflow('<modelname>") in the Matlabh command prompt. (Do not include the
extension .mdl after the model name.)

Figure 42 shows the model snapshot which is created by the script with proper inputs and outputs set.

|Statechart_In_Isc-Iation_B.MuItSwitch f,0,L [1] >—b From_hatt Switch hutt Port_Out -b< Statechar_In_lsolation_B.MultPort_Cwt (f) [1]|
|Statechart_In_IsoIation_B.Latch_1[D] (b0, L) [2] >—bru1.|x_ln1 Direct_Out e Dir_Out () [2]|
|Statechart_In_IsuIation_B.Latch_1[1] (b 0,0 [ >—pru'i.|x_ln2 b _ Ot 1 —}-c( Statechar_In_lsolation_B Mux_Outl (B) [3]|
E} P From_Constant b _ Ot 2 —p< Statechar_In_lsolation_B. Mux_Out2 (b) [ |
Constant_State
caint 3216
Direct Input (v, 0, L) [ P Direct_In oHam State oHamState_Out (i) [&]
State

Figure 42 - The isolated model created by the isolateStateflow.m script

Error handling in isolateStateflow.m script

In some complex scenarios, the script may not figure out the test Points for a particular chart input. In
such cases, the script will give an error in the MATLAB command prompt indicating the exact
Input/Output port number of the chart (see Figure 44). These ports must be connected manually to the
Input/Output blocks with correct input/output variables (Figure 45). In addition, the script may add
unconnected input/output blocks in the model. These unconnected input/output blocks must be deleted
manually from the model.
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Figure 43 - Difficult scenario for the Script; it will not be able to resolve Input port 1 of the chart.

>> jsolateStateflow("isolate_Chart_Error~)

Running HAM Stateflow Add Trace Anchor Version : 3.0

An error occurred for input 1 of chart MuxedSel Diml. Please Add the input manually
Running HAM Stateflow Add Trace Anchor Version : 3.0

Input port 1 of "isolate Chart Error_ MuxedSel Diml_ sf/MuxedSel Diml" is not connected.

\

>

Figure 44 - The error reported by the script in MATLAB command prompt indicating the port
number of the chart

_\.\
Only_ector_Dim1_Out 4% Onhy_Wectar_Dim1_Out (u) [1]|
“ietor_Dim1
%%J ctar_Dim1_Dut i<, izolate_Chart_Error_B Vectar_Dim1_Out (u) [2]]
isolate_Chart_Errar_B.sigCon_1 (u, 0, L) [1] P Onby _ector_Oim 1 x
k oHam $tate P oHamState_Out (i) [S]I
[ ]
A

MuxedSel_Dim1

Figure 45 - incomplete model created by the script with input unattached

6.3 User Supplied Test Vectors (USV) to Complete Test Generation

State-space explosion, complex cross-state interactions, and so on may prevent HiLiTE from processing
all models or may require an extensive amount of time to reach one part of a model. User-supplied test
vectors (USV) provide a powerful approach to get past model structures that HiLiTE cannot process
efficiently. You can supply a hand-generated or a modified vector that reaches a state, fires an action, or
otherwise sets up further tests. HiLiTE can proceed from the USV to generate additional downstream
tests. In other words, USVs can jump-start Stateflow test generation in HiLiTE.

Refer also to the document, HiLIiTE Test Vector File Format [15].

Steps to creating a USV
1. Identify the tests that HiLiTE failed to generate.

2. Analyze the missed tests in the context of the model to determine the originating state and/or the
particular transition that HiLiTE was unable to fire.
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3. Copy a reachability test case for the source state or for a nearby state from the Debug Vectors
directory.

Modify and/or add additional vector rows in order to fire the target transition.
Create new .hilite file that will import the user-supplied vector.
<OptionSet name="StateflowOptions">
<Option key="ChartInputVectorFiles">UserSupplied_Vectorl.csv </Option>
</OptionSet>
6. Re-run HIiLIiTE using the new .hilite file.
6.3.1 Debug Vectors

Debug vectors are output by HIiLITE to Vectors\StateflowDebug\StateflowDebug.zip. The zip file
contains a CSV file for each State reached, each of the Transitions fired, and each set of condition tests
generated. The debug vectors generally comply with the specification provided in
%HILITE_Home%\Doc\HiLiTE-TestVectorFileFormat.doc and specify the time sequence of required
inputs and expected outputs associated with each test. The CSV files can be copied and modified to
support manual generation of USVs.

6.3.2 Writer Report

The Writer Report is written to \Reports\<StatechartName>_WriterReport.txt. It has two parts. The first
part describes, for each local and output variable, where in the model the variable is set and the
assignment statement that sets the variable. The second part describes, for each State in the model, the
range of possible values of all local and output variables in that state. This file can be accessed to support
manual creation of USVs.

And_Out(UINT32):1:0UTPUT_DATA
CBit_EnabledOperators/And_Op/And_Outl
(And_Out:=(And_Inl1l BIT_AND And_In2))
CBit_EnabledOperators/And_Op/And_Out2
(And_Out:=(And_Inl BIT_AND And_In2))
E
oHamState(INT32):2:0UTPUT_DATA
CBit_EnabledOperators/And_Op/And_Outl
(oHamState:=2.0)
CBit_EnabledOperators/And_Op/And_Out2
(oHamState:=3.0)
CBit_EnabledOperators/And_Op/Enter
(oHamState:=1.0)

Rk
ECE R o o R

CBit_EnabledOperators/And_Op/And_Outl
And_Out: r(-Infinity:Infinity)
oHamState: r[2]

CBit_EnabledOperators/And_Op/And_Out2
And_Out: r(-Infinity:Infinity)
oHamState: r[3]

CBit_EnabledOperators/And_Op/Enter
And_Out: r[O0]
oHamState: r[1]

ECE R R o ok

Consider the example in Figure 46—HILIiTE cannot reach State C or any state beyond C. The variable
AVG is incremented in State A in the example. Upon exit, it is divided by the number of increments to
compute the average. Later timesteps read the value of AVG to determine if transition CT_1 3 can fire.
Since Inl in State A starts at the default value of 0, AVG = 0 when it gets to State B—too late to be set
properly. A USV can set Inl to a better value.
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FCS 1 1%

l-‘CT_1_1‘:
entry:

"CS_en_1_1%

oHamState=1;

B

FFCS_1_2%
entry:

*CS en_ 1 2%

oHamState=2:

count = 0;

, [count == 8]
avg =0;

FCT 127

during:
CS du 1 1%
count++;

avg +=In1;

[avg = 50.0]

exit:
F*CT_1_3%

FCS_ex 117

avg /= count;

(.

D
F*CS_1_4%
entry:

/"CS en_1 47/

oHamState=4;

oHamState=3:

Figure 46 - An example Stateflow model in which HiLiTE cannot fire the transition from B to C.

After running HILITE, the StateflowDebug directory will contain all the Stateflow vectors that HiLITE
can generate. The vector that reaches State B can be modified and the command file updated to use it, so
HiLIiTE can reach State C (and, from there, State D).

Figure 47 shows a vector generated by HiLiTE that has been modified to reach State B.

HiLiTE-1-0 ColumnCc Vector Initialize ColumnN:Comment Information
Informatic«Chart="SC Date="6/2 HiLite Version="7.3.0.9.B2_12169"

ColumnCc Repetitior Event Input:1  Output:1 State:0 State:1  State:2  State:3
ColumnName Inl oHamStat A B C D
Comment

Initialize

InterfaceC 1 1 1 4

Comment REACH State A

Comment REACH Transition segment from Initial to A

Vector 1T 1A

Comment REACH During Action on A

Vector 7T 1A

Vector 1T 1A

Comment REACH exit actions for state A

Comment REACH State B

Comment REACH Transition segment [count >= 8] from A to B

Vector 1T 21 A

Figure 47 - Hand-modified vector so HiLiTE can reach state C (and progress to D).
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Chart-level vectors specify chart inputs and outputs in port order and the states within the chart. Each line
is either a command (e.g., “Initialize” indicating the next step is the first step in the chart), a comment, or
a vector. Vector lines specify input values (blank for don’t care), expected outputs, and state indicators:
“A” active, “I” for inactive, or blank for don’t care states. When the values in the vectors on lines 12 and
13 are changed to 51 ( shown in red), HiLiTE can progress to State C.

In this example, the first seven lines describe the model and provide other incidental information about
HiLiTE that, except in the case of multi-chart models, need not be changed from the original StateFlow
Debug Vector. Vectors that apply to a single chart in a multi-chart model must specify the chart name in
the Information line (see Line 2 in Figure 47). If no chart name is identifed in the information line, the
vector applies to all charts in the model.

Lines 8 and 9 are comments that explain what will happen in the next line. Line 10 is the first Vector line,
which will fire the default transition and enter state A. The value of inl is a don’t care because it is not
read in that time step. The value of oHamState is set to 1 by the entry action on A. Line 11 is another
comment describing what happens next—the system will stay in A, firing its during action. The second
column is the execution count, so line 12 describes 7 event broadcasts holding the value of inl at 51. State
A remains active and oHamState remains 1. Line 13 also remains in State A, holding the value of inl at
51. By setting the value of inl to 51 for the eight time steps it spends in State A, the value of avg upon
exiting A will be 51. This will allow HiLiTE to reach State C and, from there, D. Finally, in line 17, the
transition to State B fires, setting oHamState to 2, inactivating State A, and activating State B.

After making these modifications, save the new vector to a file and add the following lines to the HILITE
command file:
<OptionSet name="StateflowOptions'>
<Option key="ChartlnputVectorFiles'>Vector File</Option>
</OptionSet>
Where Vector File is the path to the newly created input vector, specified relative to the project path.
When HiLiTE is run with the new option, it will generate the additional test cases to reach States C and D
and report complete coverage. The ChartlnputVectorFiles option can specify multiple vector file names,
separated by spaces.

For more information about creating test vector files, refer to HiLite Test Vector File Format [15]

6.4 Using the StateflowOptions OptionSet

When you submit models that include Stateflow charts to HIiLIiTE for test generation, you can control how
the test are generated by including the SateFlowOptions OptionSet in your command file. This OptionSet
must contain one or more <Option> key-value subelements as shown here:
<OptionSet name="StateflowOptions'>
<Option key="'BackwardsSearch">0ff</Option>
<Option key="MaxDepth'>25</0ption>
</OptionSet>
The following table describes each option key, along with its possible values, and some rationale for
using them.

Stateflow Option Key Descriptions Examples

BackwardsSearch: (default=0n) enables or disables
backward search for test cases. For complex

models, this option key can be valuable for
completing difficult test cases. Note that using
this will take more time and memory.
MaxDepth: (default=5) can only be used in
conjunction with the BackwardsSearch option
key. It specifies the maximum depth of the

<OptionSet name="StateflowOptions">
<Option key="BackwardsSearch">0n</Option>
<Option key="MaxDepth">25</Option>
<Option
key="MaxTimerlterations">5000</Option>
</OptionSet>
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Stateflow Option Key Descriptions

Examples

bounded depth-first search. A value of 5 works
for most cases, but the backwards search may
not find a transition that is enabled only after a
loop around a series of (more than five) states,
unless MaxDepth is set appropriately.

MaxTimerlterations: (default=2000) can only be
used in conjunction with the BackwardsSearch
option key. It limits the maximum number of time
steps that HiLiTE looks for solutions to timer
patterns in the backwards search. This situation
is the bottleneck for a number of models,
because timer patterns that require very many
iterations (e.g., 9000) can result in stack
overflows. If a timer pattern is detected that
requires more iterations than is allowed by
MaxTimerlterations, then a message suggesting
the larger value will show up in the
modelname_Summary.xml file.

MaxExpressionLeafCount: (default=10) sets the size
of expressions that are eligible for advanced
expression simplification. This option key has an
unpredictable effect, but is worth experimenting
with to decrease test generation time. For some
models, increasing the default value will
significantly decrease the time required to
generate tests. However, for other models,
increasing this value with significantly increase
run time. Values between 10 and 500 are
recommended.

LargeStateflowModel: (default=0ff) enables or
disables the partitioning of the TPI output into
smaller files instead of creating a very large
single file. This is valuable for decreasing
memory use when processing large models.

NumTestsPerTPI: (default=20) is only useful in
conjunction with the LargeStateflowModel option
key. It specifies the number of test vectors to put
in each TPI file.

ChartinputVectorFiles: (default=empty) lists user-
supplied vectors (csv files) that HILITE must
import to provide additional starting points for
generating Stateflow tests. Give file names
relative to ProjectPath.

SetinputPortValue: (default=none) specifies the
name of a new OptionSet for specifying constant
values for input variables. Such constants can
“give a hint” to HILITE to make test generation
easier. For example, in the example shown in
Figure 4, you could set Inl to 51 rather than
supplying a manual vector. This option is not
appropriate for all Stateflows. Give the OptionSet
a name that is not already specified (see tables in
Section 3). Include one or more Option key

<OptionSet name="StateflowOptions">
<Option key="MaxExpressionLeafCount”>200
</Option>

</OptionSet>

<OptionSet name="StateflowOptions">
<Option key="LargeStateflowModel”>On
</Option>
<Option key="NumTestsPerTPI">100</Option>
</OptionSet>

<OptionSet name="StateflowOptions">
<Option key="ChartinputVectorFiles">
file_namel
file_name2
file_name3
</Option>
</OptionSet>

<OptionSet name="StateflowOptions">
<Option key="SetInputPortValue">
SF_InputPortValues
</Option>
</OptionSet>
<OptionSet name="SF_InputPortValues”>
<Option key="model_name/chart_name/
port_name”> Desired_Value </Option>
</OptionSet>
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Stateflow Option Key Descriptions

Examples

values that associate Stateflow chart input
variables to specific values. Each Option key
value pair is the fully qualified input variable
name and a value that is a double or integer.

SkipTransReachability: (default=none) specifies the
name of a new OptionSet. Use the new option set
to tell HILiTE to skip charts that include
unreachable transitions. Give the OptionSet a
name that is not already specified (see tables in
Section 3). The new OptionSet should contain
one or more Options, each with a key that is the
fully qualified name of a transition source and a
value that is the fully qualified name of a
transition destination (where the tail name of a
junction is “Junction”). HILiTE will skip all
transitions between the souce/destination pairs in
this OptionSet; that is, reachability tests that have
not already been generated will not be attempted.

StateflowTimeoutDuration: (default=-1) specifies a
time, in seconds, after which HILIiTE will stop
looking to generate new tests. Note that HiLiTE
can spend a considerable amount of time on one
test, and it won't timeout until the current test is
complete. A value of -1 means no timeout.

UseHardRangeConstraints: (default=On) Hard
range constraints arise solely due to model
construction; they denote the feasible input
values to the StateFlow chart derived from the
data type or from upstream constants or range
limiters. This options specifies that HiLiTE should
attempt to generate tests by only constraining the
ranges of chart input/output values to within these
hard constraints that represent values feasible in
the model. When this option is Off, HIiLiTE
generates tests by further constraining the ranges
of StateFlow chart inputs to the operational
ranges propgated by the upstream blocks based
upon operational ranges supplied by the user for
the model inputs.

Caution: Users are advised not to turn this option
Off since that will unnecessarily suppress feasible
test cases and reduce coverage.

<OptionSet name="StateflowOptions">
<Option key="SkipTransReachability">
SF_SkipTransOptionSet </Option>
</OptionSet>
<OptionSet name="SF_SkipTransOptionSet”
<Option key="model_name/chart_name/
source_state_name">
model_name/chart_name/ dest_state_name
</Option>
</OptionSet>

<OptionSet name="StateflowOptions”>
<Option key="StateflowTimeoutDuration">3600
</Option>

</OptionSet>

<OptionSet name="StateflowOptions”>
<Option key="UseHardRangeConstraints">Off
</Option>

</OptionSet>

6.5 Using the Stateflow Example

HiLiTE is installed with an example command file and Stateflow model to demonstrate how it works and
what type of output to expect. The example is useful as a template for creating your own HiLiTE
command files.The files you need for creating the Stateflow application and generating test cases are

installed under the main HiLiTE installation directory.

%HiILITE_HOME%\Examples\HiLiTE-TG-Stateflow\ includes a model “Riggedunrigged,” and a

command file for generating test cases.
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6.5.1 The RiggedUnrigged Stateflow Model

RiggedUnrigged.mdl is a simple model (Figure 48) showing the Rigged/Unrigged status of an avionics
maintenance system. HiLiTE generates state and transition reachability and MCDC tests for the model.

] RigpedUnrigged

File Edit “iew Simulation Format  Tools  Help

DIEE& &+ 2w ooy s [im « DEBe REBS®

on Ground
In1 I%EI ringed
pushButton

In2

RiggedUnriggedChart

Ready [100% lode4s v

.' | Stateflow [chart) RiggedUnrigge d/RiggedUnriggedChart

File Edit ‘“iew Simulation Tools Add  Help N

s HE | R e BE > R BRAO B

W

[pushButton]

lonGround I pushButton)

5 BEE|E [ e @

Figure 48 - RiggedUnrigged model for Stateflow example
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6.5.2 Generating Test Cases for the RiggedUnrigged model
Use this procedure to generate test cases for the RiggedUnrigged model:
1. Inafile browser, display the contents of %HIiLIiTE_HOME%\Examples\HiLiTE-TG-Stateflow.

B C:AHiLiTE\Examples\HILiTE-TG-StateFlow EEX
© Ele Edit Yew Favorites Tools  Help :,'
: =y r Y
Q Back - </ ? 7~ Search [1 Folders | |'=y lj; x n El'
- Address |23 CHHILITE\Examples|HILITE-Te-StateFlow i . Go
Folders x Mame Date Modified Size  Type
) Doe PR | RigoedUnrigaed. hiite 9/10{2007 3:07 PM 1KE HILITE File
= [£3) Examples RiggedUnrigged.md| 3/26/2007 12:53 PM 27 KB Simulink model file
[C3) HILITE-Tis-HaM “
15 HILITE-TG-StateFlow
|2 HILITE Qualification Docs
|5) HILITETestHarness b
< ¥
Type: HILITE File Date Modified: 9f10/2007 3:07 PM Size: 719 bytes 719 bytes _J My Computer

Figure 49 - RiggedUnrigged Stateflow example model path in HiLiTE installation directory

(Note about ranges: The RiggedUnrigged model uses all Boolean inputs and, therefore, needs no
range file. If the model included any inputs that required a range of values, HiLiTE would require
a range file to successfully complete test cases.)

2. Execute RiggedUnrigged.hilite in HiLiTE Shell or using a command prompt. HiLiTE opens a
command window and displays its progress.

3. When HiLiTE completes the command, the output in the window will look something like the
next figure. The highlighted statements show how many tests were generated and how many
should have been generated (for example, 4 out of 5). If HILiTE is completely successful, as it is
here, each test type (state, transition, and condition) will show 100%.

I HilSTE Shell E][E]E]

Test Selection | Dutput | Settings

al ear op Logging V| Clear for each run oad Log awve Log
t i [] StopL [4] Clea for each Load L Save L 8:2;?;1::?3‘

SizeShape: zcalar; GenlnputDifficulty for autport: 1; Relationships: R{E} ”~
[INFO 1... finished determining data type and range for model inputs,
[IMFO ]
2 Determining, if specified, the D ata Type and Fanage for all ather blocks ..
[IMFO 1... finizhed determining data type and range for ather blocks.
[INFO 1 Remaoving all madel inputs that have been propagated
[INFO ] ###### Forward Range propagation round 1: Remaining blocks=2; prevRemBlockCount=2
[IMFO ] ####8# Block: RiggedUrnnggedChart, output; 1
SPECIFIED - DataType: (Undefined, undefined); DpRanges: null; MaxdllowConstrs: null
PROPAGATED- DataType: [Boolean, bool); OpRanges: B[0:1]; MaxalowConstrs: null
SizeShape: scalar; GenlnputDifficulty - Inports: 171, outpart: 2
Realtionships: RiU}
[INFO ] ##HH### Block: Out, Mo output ports - propagation not required.
i i N ith ranae and data tune oronacation
RiggedUnrigged. mdl - Ferfarming StateFlow charts test generation and zet up
s B e ach i Test Generation resuls for RiggedUniggedihart s
100.0% [2 out of 2] of states were reached in RiggedUnriggedChart.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Reachability Test Generation rezultz for RiggeddnniggedChart
100.0% [5 out of &) of transition segments were reached in RiggedUnriggedChart.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Condition Test Generation resultz for RiggedUnriggedChart
100.0% [9 out of 9] of condition tests generated successiully.
RiggedUnrigged.mdl - Perfarming final setup for test generation search

#HBEAH RiggedUnnigged.mdl - Generating tests for blocks within main model
H#H# Test Generation parameters for Model RiggedUnrigged
Max Search lterations allowed for each test caze step = 4000

Figure 50 - RiggedUnrigged model execution complete status
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The folder from which you ran HiLiTE will include a new subfolder: \RiggedUnrigged-
HiLiTEOutput which contains subfolders for the reports and vectors.

B C:\HiLiTE\Examples\HiLiTE-TG-StateF low\RiggedUnrigged-HiLiTEQutput 2 |[B)(X

File Edit Miew Favorites Tools  Help .1.’
: - - @) =, By .
E e Back. </ lﬁ 7 Search ‘H__ Folders = | x n
: Address |E| CHHILITEVE xamples \HILITE-Ta-StateFlowiRigoedUnrigged-HiLITECUkput V| es]
Folders x Mame
IC5) HILITE-TE-HAM » [CIRepaorts
= IC3) HILITE-TG-SkateFlow [Cvectars
= | RiggedUnrigged-HiLITECutpUt
I Reports —
I Wectors
|5 HILITETestHarness
P R — T -

Figure 51 - Location of results for RiggedUnrigged model
You can define this directory structure by modifying the .hilite file.
Open the folder \RiggedUnrigged-HiLiTEOutput\Reports

Double-click RiggedUnrigged_StatusReport.html Your browser will display the status report
for the HIiLiTE’s execution using the RiggedUnrigged model. It should look like this:
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Stateflow Charts Test Generation Summary

StateFlow Chart Requirements Coverage -
RiggedUmrigged/RiggedUnrigged Chart

State Coverage = 100.0% (2 of 2)
Transition Coverage = 100.0% (5 of 5)
Conditton Coverage = 100.0%% (9 of 9)

Stateflow Test Generation Options Used
Backwards Search WILL be used to improve requirements coverage
Maximimmn search depth for backwards searchis 5
Maxiimnnmn number of iterations for timers m backwards search is 2000
No mput vector files will be used

Stateflow TP files will NOT be brolcen up into multiple files
Advanced expression sunplification will be applied to expressions of size 10 or smaller

Test Generation for Blocks' Requirements

{(Note: Any reporting of model design defects for blocks 15 mtended only as gudance for the
user i determinng the cause of missing requirements coverage, 1t 1s not a qualified output)

StateFlow Chart RiggedUmriggedChart: All Chart Internal Requirements
Tested

StateFlow Chart RiggedUmriggedChart: All Functional Requirements Tested

Mote: Requirements for this block are not separately captured; they are denoted by test cases

Figure 52 - Partial view of RiggedUnrigged_StatusReport.html

The report lets you know that all necessary data was included in the model and that all test cases
ran to completion.

6. Double-click on RiggedUnrigged_Report.htm. Your browser displays the HiLiTE test
generation report as shown below in three figures.

The top portion of the report enumerates the tests. Note that there are three types of tests (State,
Transition, and Condition); the test case names show the type of test.
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3 RiggedUnrigged TestGen Report - Microsoft Internet Explorer

File Edit Wiew Favorites Tools Help % = l';’

Test Generation Report for Model: RiggedUnrigged

Honeywell Confidential — © 2005-2010 Honeywell International Inc.

This copyrighted work and all information and expression are the property of Honeywell International Inc., contain trade secrets and may not, in whole orin part, be
licensed, used, duplicated, or disclosed for any purpose without prior written permission of Honeywell International Inc. All Rights Reserved.
Auto-Generated by HILITE Yersion 7.6.2.0 on 732010 1:58:07 PM
HiLiTE Released Templates Yersion: 7.6.0.0; Template Family Revision: Standard=10
Template Family Used: Standard

Show Help Show Legend

Tests for Block: RiggedUnriggedChart
Block Type: StateFlow; Mask Type: Stateflow

Test Case Templates {Standard): Reach_State/Unrigged, Reach_State/Rigged, Reach_Trans/Initial_to_Rigged[000],
Reach_Trans/Unrigged_to_Rigged[000], Reach_Trans/Rigged_to_Rigged[000], Reach_TransfRigged_to_Unrigged[000],
Trans/Rigged_to_Unrigged/length_2 fevent{DEFAULT_EVEMNT)/TEST_PASS/pushButton,
Trans/Rigged_to_Unrigged/length_2 fevent{ DEFAULT_EYEMNT)/TEST_FAIL/! pushButton),
TransfUnrigged_to_Rigged/flenagth_1/fevent{DEFAULT_EVENT)/TEST_PASS/(!{onGround) AND !(pushButton)}},
TransfUnrigged_to_Rigged/flength_1/event{DEFAULT_EVENT)/TEST_PASS/(pushButton AND onGround),
Trans/Unrigged_to_Rigged/length_1/event{ DEFAULT_EVEMNT)/TEST_FAIL/{onGround AND !{pushButton)),

Trans fInitial_to_Rigged/length_1fevent{DEFAULT_EYENT)fTEST_PASS/1.0, Trans/Rigged_to_Riggedflength_2fevent
(DEFAULT_EVENT)fTEST_PASS/(pushButton AND '{onGround)}), Trans/Rigged_to_Riggedflength_2/event
(DEFAULT_EVENT)/TEST_FAIL/(!(pushButton) AND !{onGround)), Trans/Rigged_to_Rigged/length_2/event
(DEFAULT_EVENT)fTEST_FAIL/(onGround AND pushButton)

Block Under Test Ports

Test No. of r:;:‘;:l onGround |pushButton| rigged
Test Case 5
Test Case Mame Description Requirements | Time min = 0 0 o
4 Covered Steps
Tax — 1 1 1
Reach_State/Unri issing = |Req, = Test 1 X X 1
gged emplate Case 1 1 1 o
Reach_State/Rigg issing = |Req, = Test
ed amplate Case 1 x x 1
Reach_Trans/Init _
ial_to_Rigged[00 * |[Req. = Test 1 x x 1
Case
0]
Reach_Trans/Unri . |Req. = Test 1 & bt 1
gged_to_Rigged[0 T 1 1 1 a
Case
20l 1 o i 1
Reach_Tran=s/Rigq _ 1 b e 1
ed_to_Rigged[000 © |Req. = Test
Casze 1 il 1 1
Reach_Tranz/Rigg _ 1 ¥ ¥ 1
ed_to_Unrigged[0 b (R:eq. = Test
o] a2 1 1 1 u]
'IU'raljs.l"R‘ii?.llged_io_ 1 W ¥ 1
nrigged/length_ _
2/event(DEFAULT_ |00 " Eil‘e' Test 1 ] 1 1
EVEMT)/TEST_PASS
fpushButton 1 1 1 0
'IU'raljs.l"R‘ij?.’Iged_io_ 1 W ¥ 1
nrigged/length_ _
Alanan +MEEALI T ¢ |Req. = Test r 1 v
&] Done ¢ My Computer

Figure 53 - Partial view of test generation report RiggedUnrigged_Report.htm

The first table (on the left below) in the report shows the input and output port values of the
Stateflow block required for each test case. Note that all ports in the example above are boolean.

The second table, Generated Vectors, shows the input values of the parent model of the Stateflow
block required for each test and the output values that should be measured at the nearest test
point. These are the actual vectors for use with a test harness and are copied from the CSV files
stored in the folder ..\RiggedUnrigged\RiggedUnrigged-HiLiTEOutput\Vectors.
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Block Under Test Ports

Test No. T;::::I ondGround puzhButton rigged range onGround |pushButtan rigged
Test Case Mame [;I'est Fafe Requirements of n Test Case Name LI rnin — a a a
escrption Covered Time | min — 1} [z} 1] Steps
Steps| . 1 1 1 max — 1 1 1
issing i Reach_State/Rigg
Rjach_State.ﬂ"Rigg ;‘g':s'”g n zeq. = Test 1 % w 1 ad 1 X X 1
# ternplate ase 1 P P
— Reach_State/Unri
Reach_stste/Unri |19 10 IRaq, = Tast 1 fa " aged 1 1 1 o
gg=d ternplate Case 1 1 1 u}
Reach_Trans/Init |miszing in Reach_Trans/Init
ial_to Rigaed[00  the Eeq. = Test 1 w w 1 ial_to_Rigged[00 1 X X 1
ase 0]
0] ternplate
Reach_Trans/Rigg | . . . Reach_Transz/Rigg
ed_to_Rigged ruissing N lpog = Test 1 s " 1 ed_to_Rigged ! X X 1
[ogo the Case [o0a
i ternplate 1 u] 1 1 ] 1 1 1
Reach_Tra.ns.-"Rigg rizsing in Reg. = Tast 1 Iy ¥ 1 Reach_Trans/Rigg 1 e e 1
ed_to_Unrigged[0 the Case ed_to_Unrigged[0
00] ternplate 1 1 1 u} DDT - 1 1 1 o
Reach_T Unri | 1 i # 1 )
g;:;_{o_r;?gs;egrl E.gslng N heg = Test Reach_Trans/Unri 1 X X 1
[0 = Coee 1 1 1 u] gged_to_Rigged 1 1 1 0
ternplate [0
0a] 1 a 0 1 o0] 1 0 0
Trans/Initial_to
_Riggedilength_1 rnissing in Trans{Initial_to
Jevent the Req. = Test 1 w W 1 _Rigged/length_1
(DEFAULT_E AT [ Tevent
VENT)/TEST_pags/ WP (DEFALLT_E 1 “ “ 1
1a VENT) TEST_PASS/
Trans/Rigged_to_ 1.0
Rigged/length_z7 1 ® % 1 :
event missing in oo oo Trans/Rigged_to_ 1 W W 1
(DEFALLT_EV the Ceq' = es 1 i 1 1 Rigged/length_z2/
ENT)/TEST_FAIL/( [template | ~3% event
I{pushButtan) 1 0 o 1 [DEFAULT_EV 1 u] 1 1
AND WonGround)) EMTI/TEST_FAILS(
- I{pushButton)
Trans/Rigged_to_ 1 u] u] 1
Rigged/length, 27 1 ke H 1 AMD {onGround]))
event mizsing in _ .
(DEFALLT_EV the Eeq' = Test 1 0 1 1 ;rans’;?:ggefgtgf 1 X X 1
EMT)/TEST_FAIL/[ |[template ase e:lge?ji ength_
g d AND
;Es}::::ton) 1 1 1 0 (DEFALLT_EV 1 ] 1 1
EMT)/ TEST_FAILS(
Trans/Rigged to_ anGround AND
Rigged/length_z7 1 ® " 1 ushButtan) 1 1 1 o
euent mizsing in
(DEFALLT_EW Reg. = Test Trans/Rigged_tao
the 1 u] 1 1 gged_to_
ENT)TEST_PASS/ [ 0 |pa |Case Rigged/langth_z7 1 X X 1
pushButton ANMD ! 1 ] 1 1 svent
! (DEFAULT_EV
(onGround)) ENT)/TEST Pass/ 1 u] 1 1
Trans/Rigged_to_ 1 W W 1 [
Unrigged/length_ Lo pushButtan AND | i i} i i
z2fevent ralssing 1N lpeq, = Test {onGround])
(DEFALILT the Case 1 d 1 1
EVENT/ TEST_FaIL [femmplate 1 1 o 1 Tranz/Rigged_to_ 1 ¥ ¥ 1
fpushButton) Unrigged/length_
; Zievent
DomasadterGh | e, : R S o . .
Zlavant — |missing In Reg. = Test EVENMT)/TEST_FAIL
(DEFALLT_ the | Case 1 0 1 1 {(pushButton) 1 1 o 1
EVENT)/TEST_pags “=Plate -
/pushButtan 1 1 1 0 Trans/Unrigged_t 1 W W 1
o_Rigged/length_
Trans/Unrigged_t 1 % % 1 1fevent
2 piggedflangth [DEFAULT, 1 1 1 o
1fevent mizsing in _ el
(DEFAULT_ the 2“' = Test 1 1 1 0 FVENg)fTESdT;:g“I‘
EVENT)/TEST_FAIL |ternplate ase (ondroun : 1 1 0 0
flanGround AND ! 1 1 o o [pushButtan])
(pushButton)) "
Trans/Unrigged_t
Trans/Unrigged_t o_Rigged/length_ 1 X X 1
o_Rigged/length_ 1 ? ® 1 1fevent
1fevent s A [DEFALILT,
(DEFAULT_ missing N lpog = Test | 1 1 o BVENTY/TEST pass| 1 1 1 u
EVEMTI/TEST _PASS N Jat Case .l"(!(onGround_)
(W anGraund) =mplate AND !
AND ! 1 i 0 1 [ usHButton)) 1 u u 1
(pushButtan)) =)
Trans/Unrigged_t Tran_s.n"Unrigged_t
o_Riggedi/length_ 1 ® " 1 o_Rigged/length_ 1 X X 1
1fevent missing in | 1/event
(DEFALLT_ the Ceq' = es 1 1 1 [u} (DEFAULT_ 1 1 1 0
EVENT)/TEST_PASS [ternplate ase EVENT)/TEST_PASS
f{pushButton AND f(pushButton AND
it 1 ! 1 1 s 1 1 1 1
Figure 54 - Input and output port values. i
9 P putp Figure 55 - Generated test vectors
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/7 Improving Test Generation Coverage
Using Additional Observation and
Stimulation Points

Section 5.4.3 described observation points and how you can make explicit use of them for measuring
expected output. This section describes how to use additional observation and stimulation points to
enable HILIiTE to generate the test cases when model complexity makes test generation difficult for the
tool. The approach complies with DO-178B objectives of verification that the executable object code
(EOC) complies with low-level requirements and is described more fully in Ref. [1].

7.1 Using Secondary Stimuli

The method for propagation of block-level test cases at the model level, described in Ref. [1], can run into
difficulties for complex model situations. Figure 56 illustrates a model situation where HiLiTE is not able
to generate test cases for the leadLag block that test the transfer function of the filter over multiple time
steps. The difficulty arises in backward propagation through the upstream block lag which itself is time
dependent and its input is constrained to range [-10, 10].

Upstream Block

(Time Dependent) Block Under Test
(Time Dependent)
(10, 101 1 0.4s+1
Inputt (@ 0.1) [1] S/ > »lie2 == Outputl_@) (1]
Limit 0.5s+1 - 0.25+1
gain
limit lag leadLag
-10 to 10 (y0=u0) (y 0=u0)
>
»< output2_(a) [2]]
[input2_@,0,1) 121 >
sum

Figure 56 - Time dependent blocks in series with limits on input — difficulty in model-level test
generation
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7.1.1 Definitions

Primary Means of Stimulus. These are the external inputs to the unit (component) under test that will be
exercised when the unit is integrated with other units within the system. In this case, the unit is the code
for the model. It is desirable that only the model inputs be used in creating test cases for a model’s blocks.
Thus, model inputs are the primary means of stimulus.

Secondary Means of Stimulus. Secondary means are ways of injecting test stimulus to the unit in an
alternative manner from the model’s inputs to test specific LLTRs (low-level test requirements) of blocks
within the model.

e Secondary means shall be used only when primary means are not effective in creating a test case
foran LLTR.

e Only approved secondary means shall be used — we will require concurrence from both OBARs
and ARs prior to a secondary means being considered “approved”.

e Secondary means are applied to executable flight code as is, without requiring any modifications.
e Secondary means will only be used to test software downstream/outside of the stimulus.

7.1.2 Approach

When HiLIiTE is not able to generate tests for one or more LLTRS, one or both of the following two
options will be used, depending upon the model and specifics within the model:

Optional—Use one or more approved means of secondary stimulus as a test injection method (to test
downstream/outside of the injection point). Proposed secondary stimulus means:

1. Use the past value of the unit delay block as a stimulus input. Each unit delay block in the model
is represented by an externally (privately) visible global variable in flight code that represents the
feedback coupling one execution of the unit to the next. Its “past value” is set by the flight code at
the end of the unit’s execution and is used (read) by the code in the next execution of the unit.
The past value can be manipulated externally in between two executions of the unit to create a
secondary stimulus.

2. Insert a Stimulate block (from the HAM Block Library) in the model at the point where secondary
stimulus is desired. This modified version of the model is used to generate the flight code; i.e., the
Stimulate block becomes a permanent (designed) part of the model. The stimulus is applied by
overwriting externally (privately) visible global variables in the code that represent constants
inside the Stimulate block.

3. Link in an alternative form of the S-Function library that contains “pass through plus a test point
block”.

Note: Flight code will NOT be modified to use the secondary stimulus means AND secondary stimulus
will only be used during unit test on the model’s code to test software downstream/outside of the
stimulus.

Option2—Manually create test vectors to augment the HiLiTE-generated vectors. These test vectors
will have to be manually reviewed with a formal process using a checklist. The trade-off between the two
options is that inserting many Stimulate blocks in a model can have adverse impact on the throughput
whereas manually creating a test vectors has higher associated costs.

7.1.3 Secondary Stimulus Usage Examples

Two stimulation blocks (Stimulate Numeric and Stimulate Boolean) are provided in the HAM block
library to create a signal override for ease of testing downstream blocks.
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How Stimulate Block Works. In operation in the target system (flight code), the Stimulate block works
as a transparent pass-through block; i.e., it flows its input signal unaltered to its output. However, its
behavior can be controlled during unit test of the software for a model by the test harness (CTP) using
externally visible variables. Figure 57 illustrates the internal construction of the Stimulate Numeric
block. The values of gain and bias constants are generated in the code as global variables with default
values of 1 and 0 respectively. By setting the variable gain to 0 and bias to the desired value in a
particular step of a test case, the stimulate block can be made to override the value coming on its input
(from the upstream block) and put the desired value at its output. In other words, when the override
capability of a stimulate block is used, the backward propagation of a test case for a downstream block
stops at the stimulate block and the value required by the test case can be supplied using an external
variable of the stimulate block. Note: The values used for the override are still subject to upstream range
constraint as discussed in the policies.

CO— >
! stimnumgain_1 P
0 —p 2

stimnumbias 1
StimNumeric_1

Note: The default values for embedded parameters “stimnumgain_1"
and “stimnumbias_1" are only modified in a test environment.

Figure 57 - Internal Construction of Stimulate Numeric Block

Usage Example. Consider the example of Figure 56 which illustrates the difficulty of test generation
when multiple time-dependent blocks are connected in series. Figure 58 shows a block called
stimNumeric that is inserted after the lag block in so that the test case for block leadLag can be generated
without the need for backward propagation through the lag block. Note that test cases for the gain and
sum blocks will be generated without using the stimulation capabilities of the stimNumeric since the gain
and sum blocks are not time dependent and their test case generation does not require secondary stimulus.

Upstream Block
(Time Dependent)

[-10, 10] 1 i 0.4s+1
Inputl_(1, 0, L) [1] A > | lmulate >[Iz — Outputl_(a) [1]
Limit 0.5s+1 Numeric oo 0.2s+1
limit lag stimNumeric leadLag
-10to 10 (y0=u0) (double) (y0=u0)
P+
»< outputz_(a) [2]]
[nputz_ ¢, 0, 1) [2] >+
sum

Figure 58 - Use of Stimulation Block to Ease Test Generation of Downstream Block leadLag

7.2 Using HILITE's Suggestion Capability

HiLIiTE includes a capability for suggesting secondary stimuli—observation points and Stimulate
blocks—when it has difficulty generating test cases. Users can use this capability for experimenting with
what-if scenarios to determine where to place additional observation points and stimulation points in a
model to improve the test generation coverage provided by HIiLiTE. Note that this capability is intended
solely for user experimentation and is not a qualified aspect of the tool; thus the outputs of this HILITE
capability cannot be directly used to meet any certification objectives.
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The suggestion capability is enabled through the TestGenDi rectives OptionSet, using the option key
MakeStimAndObsPointSuggestions. Include these parameters in the Command file:
<OptionSet name="TestGenDirectives'>
<Option key="MakeStimAndObsPointSuggestions''>0n</Option>

.. other options ..
</OptionSet>

HiLiTE then includes suggestions in modelname_Summary.xml file and the HiLiTE console log.

Note these points concerning the suggestion capability:

e Do not include any source code related options (e.g., generation of HILiTE Test Harness (HTH)
code or TPI files) when using the suggestion capability.

e Do not include CTP Output generation options.

e You can use range files for model inputs, but they are not necessary. If input range files are
supplied, then the ranges do not have to be accurate.

o Do not use or execute HiLiTE output test vectors that result from the suggestion capability on the
code.

e Make sure you take advantage of existing observation points (test points) in the model—ensure
that no option key values will turn off (disable) the BlockTypeTestPoints and
ModelSpecificTestPoints. It is not necessary to have code generated with the test points turned on
or off, since the model’s code is not referenced by HiLiTE for making suggestions. Similarly, if
you specify the IsolateBlocks, set it to On.

e Take advantage of unit-delay overrides and Stimulate blocks already in the model. In the
SignalBoundaries OptionSet, set the Option keys Al lowOverrideOfUnitDelayPastValue and
AllowStimulationBlockOverride to On.

<OptionSet name="SignalBoundaries'>
<Option key="AllowOverrideOfUnitDelayPastValue''>0n</Option>
<Option key="AllowStimulationBlockOverride''>0n</Option>
</OptionSet>

7.2.1 Examining HiLITE's Suggestions

HiLiTE’s observation point suggestions are given in the modelname_Summary.xml file. Even with
BlockTypeTestPoints turned on, several blocks (such as Multiport Switch, S-Function blocks) do not have
any observation points. It is always less intrusive to add model-level observation points to help generates
tests. HiLiTE performs a comprehensive analysis and experimentation with alternative observation points
to decide a minimal number of observation points (if any) required in a model. Always add these model-
level observation points before adding any Stim blocks. Note that if a Stim bock must be added, then an
observation point is no longer needed in the same location (if HiLiTE suggested one).

Observation point suggestions in modelname_Summary.xml. The observation point suggestions
appear in the modelname_Summary.xml file and the HIiLiTE log. The following is an example output of
HiLiTE in modelname_Summary.xml file:

<I-- Suggestions for model-level Observation Points (Test Points) -->
<SuggestedObservationPoints>And2.01 </SuggestedObservationPoints>

Stimulation point suggestions in modelname_Summary.xml. When the options for making suggestions
are used, HiLiTE makes the suggestions for Stim Points in the modelname_Summary.xml file and also in
the HILIiTE log. The suggestions are in two XML elements as shown below.
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<I-- Suggestions for all possible Ports at which Stim Blocks can be place

(in order of importance) --> . . ) )
<I—— Format for Port Name- The PossibleStimPointsDetails element
blocknamel.01 or blockname2.12 lists all possible Stim Point Ports in
(0 = output port, I = Input Port) --> ) decreasing order of importance. The
<!“ggfﬁt§h$h? gg{h’a‘i‘limgyngggg?o”f‘c these Stim complete list is provided for reference
<PossibleStimPointsDetai Is> / only; very few Stim points are gctually
<Port Name="lag.01" Importance="102" /> needed to to generate all required test
<Port Name="gain.Ol1" Importance="-11" /> cases in a model.

</PossibleStimPointsDetai ls>

<I-- Recommended Stim Points Suggestions that can be used in HiLiTE Command File -->

<I-- Note: user must experiment with combinations of ] ]
subsets of these --> The element StimPoints-

< StimPointsSuggestions>lag.01 </StimPointsSuggestions> <4 Suggestons lists a subset of all
possible Stim points in a format
suitable for experimentation.

Port Name Format. A Port is either an input or an output port of a block at which a stimulation block can
be placed. The format for naming a port is: HierachicalBlockName.[0]1Tn Where O denotes an
output port, | denotes an input port and n is the port index. E.g., Zag. 01 denotes the first output port of
block lag. subsystemi/sum2. 12 denotes the second input port of block subsystem1/sumz2.

7.2.2 Experimenting with Placement of Observation and Stimulation Points

Using the suggestion capability of HiLiTE described in the previous section, the user can obtain a list of
places in a model where stimulation and observation points can be placed to improve test generation
coverage of HiLiTE. The suggestion list provide by HiLiTE, however, can be much larger than an
optimal or minimal set of stimulation points needed to improve coverage, especially in complex models.
In many situations, it is desired to minimize the number of these points in a model to reduce adverse
impact on throughput and model rework.

HiLiTE provides a capability to conduct what-if experiments with subsets of suggested stimulation and
observation points to determine a minimal set to provide desired coverage. This experimentation is done
by providing a list in the HiLiTE command file, without making any change in the model, as described
below.

Observation point placement. If HiLiTE gives suggestions for additional observation points in a model,
it is recommended that all of the observation points suggestions be implemented since their impact on
throughput is very low. In what-if experiments, the user can instruct HiLiTE to assume specific
observation points in the model by using the following option in the HiLiTE command file. E.g.:
<OptionSet name="SignalBoundaries'>
. other options ..
<!-- Assumed Observation Points, format: blocknamel.0l1l blockname2.01 -->

<Option key="ObservationPoints'>And2.01</0Option>
</OptionSet>

Stimulation point placement. The user should try what-if experiments on the model using a subset
combination of the examples suggested in the element StimPointsSuggestions. Using a subset will
minimize the number of Stim Points you need to obtain full possible requirements coverage. The
StimPoints option key tells HiLiTE to assume a Stimulation Block at that point even though there isn’t
one in the model.

<OptionSet name="SignalBoundaries'>
. other options ..

<l-- format: blocknamel.01 blockname2.12 -->
<Option key="StimPoints">product.0l subsys2/sum2.01 </Option>
</OptionSet>
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One strategy for experimenting is to start with half the number of Stim Points listed in
StimPointsSuggestions, run HiLiTE, and observe whether full requirements coverage is obtained with
those points. If you do not get full coverage, read the file modelname_Summary.xml to find out which
additional Stim Points HiLiTE suggests and add those to the StimPoints option. In certain complex
models, it may be useful to experiment with alternative subsets to find the optimum minimal set of Stim
Points.

SignalBoundaries OptionSet Summary

The following list further summarizes the SignalBoundaries OptionSet Option keys highlighted in the
examples above.

AllowOverrideOfUnitDelayPastValue. The default Off value improves test generation coverage of models
containing complex feedback loops. HIiLIiTE will not use unit delay overrides. This option is
provided to improve the test generation coverage of models containing complex feedback loops.
HiLiTE can automatically override (i.e., use as a secondary means of stimulus) the past value of
unit delay blocks without requiring any change to code or a different version of flight code. To do
this, HILIiTE uses externally accessible fields of the D_Work_modelname structure from the
modelname.h file that represent the past value of the unit delay blocks to be used in the next
execution of the model. Setting the key value to On directs HiLiTE to automatically override the
past values of all Unit Delay and Frame Delay blocks in the model, as needed.

AllowStimulationBlockOverride. The default Off value indicates that HiLiTE will not allow stimulation
block override. Setting the key value to On directs HiLiTE to automatically override the signal’s
upstream value using new HAM stimulation blocks. This option is provided to improve the test
generation coverage of models. A signal’s upstream value can be overridden using HAM
Stimulation blocks. HILiTE can automatically override an upstream signal value without requiring
any change to code or a different version of flight code. To do this, HiLiTE makes use of externally
accessible fields of the Paramaeters_modelname structure, in the modelname.h file, that represent
the stimulation points.

Note that HiLiTE first attempts to generate each test case without overriding any of the stimulation
blocks. Only if that is not successful, one or more override inputs are used for that test case.

StimPoints tells HiLiTE to assume a Stimulation Block at a specified point even though the model doesn’t
include one. This allows quick experimentation without modifying the model.
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8 Using and Interpreting HILITE Output
for Status and Errors

Each time you run HiLiTE, it generates output to the console/log (HIiLiTE Shell interface or the DOS
command window, and log file), several report files, and test vector files. The content of files containing
test vectors and diagnostics test vector files is described in Sections 5 and 6. The intent of this section is
to describe the HILIiTE output that denotes the status of HiLiTE execution (including model processing,
analysis, and test case generation) and any errors encountered in that process.

The type of status/error information you get depends on the HiLiTE command (e.g., mode analysis, test
generation) used and other attributes/options specified in the HiLITE command file. The following
HiLiTE outputs are produced:

e Model Status Report: In most cases, you will find all the information you need to determine success
and how to correct errors by reading the model status reports that are delivered to your output
directories.

e HiLIiTE Log: This is an execution log that is produced on the console and in a log file. This log
provides indication of major errors encountered during HiLiTE execution and additional
information for diagnostic purposes.

e Model Summary File: This is a machine-readable file in XML format that provides HiLITE
execution and test generation summary statistics, and

8.1 HILIiTE Log in Console and Log File

When you run HiLiTE either in a Microsoft command window or in HiLiTE Shell, it displays information
on the console window to let you know its progress and any problems encountered. The same information
is also replicated in a log file that HiLiTE creates. Users should note that the primary reference for status
and errors is the model status report (Section 8.3). HiLiTE log should be reviewed by the user only for
major errors that HiLiTE encountered and/or any specific error messages indicated below that are not
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listed in the status report. A more common use of HiLiTE log is for diagnostic purposes (and not for
formal test runs) as indicated later in this section.

HILIiTE Log Locations: HIiLITE log is produced in the console window and also in a log file; both have
the same content in the released version of HIiLIiTE.

e Console: The console is the HiLiTE program’s standard (and standard error) output that is
produced in the window where HIiLiTE is executed. Examples of console are the Microsoft
command window, a UNIX-style shell window, or the output window of HIiLiTE Shell. If HILITE
is executed from a script then the console of script becomes the console for HIiLiTE log. If the
program output is redirected to a file then the console is represented by the contents of that file.

e Log File: This is a file named %HILITE_HOME%\Build\bin\HiLiTE.log that is updated with log
contents each time you run HiLiTE. Note that %HILITE_HOME% refers to the HILITE
installation directory.

The example in Figure 59 shows the log on the console (HiLiTE Shell output page) of a successful
completion of test generation without major errors. Even though the run found no errors, you should
check the modelname_StatusReport.htm to verify different aspects of test generation such as potential
testability limitations and test cases not generated by HiLiTE. A cautionary note is that an indication of
success and/or absence of errors/warnings in the log do not preclude the review of model status report by
the user.

% HiLiTE Shell E@@

Test Selection | Qutput | Settings

[ Abort ] [ Clear ] [] Stop Logging Clear for each run [ Load Log ] [ Save Log ] 8 :z gcshctlnlaxt
StrangeSum.md! - Initizlizing all real [non-virtual] blocks in the model ”~
HiH#HE StrangeSum.mdl - Propagating Data Type, Range, and analyzing cycles (feedback loops)

StrangeSum.mdl - Skipping StateFlow test generation since there are no StateCharts in the model

StrangeSum.mdl - Performing final setup for test generation search

HiH#HE StrangeSum.mdl - Generating tests for blocks within main model
## Test Generation parameters for Model StrangeSum
M ax Search lterations allawed for each test case step = 4000
Test Generator WILL propagate constraints - as per default
Fiequirements Coverage Analpziz perfarmed to meet DO-178B Criteria
Madel Inputs Robustness Coverage MOT zelected - az per default
Maodel Blocks Robusthess Coverage NOT zelected - as per default
Interface [instead of Functional] Coverage for blocks implemented az ext functions NOT selected - az per default
Automatic: past-value override of unit delays iz not allowed
Use of overnde capability of Stimulation blocks iz not allowed
HILITE Suggestions for Stim and Obswveration Points will MOT be made - az per default
Imfinite time spiral not possible; Max times same prey step value allowed to occur = 1
Standard Test Caze Templates are uzed for all blocks - az per default
HILITE Released Templates Version: 7.5.0.0; Template Family Revizsion; Standard=4
HifHHE Test Generation completed for model StrangeSum: Reguirements Coverage = 100, 0%
StrangeSum.mdl - Formatting Test Yector output in HILITE Test Yector cev format
StrangeSum.md! - *iiting HTML Test Vector Report: C:AHILITESE samplesi\HILITE-T G-HAM WM athE ramplesh. \StrangeSumOutputhStrangeSum_Report. him
Hi R StrangeSum. mdl - Finizhed processing model. Mo erorz. Total model processing tme: 12,9 seconds
todel import, library mapping, checking: 10.2 seconds;  Preprocessing and model transformations: 0.28 seconds
todel analysis - range propagation, cycles: 0.3 seconds;  Simulink test gen + vector output: 1.8 seconds
HILITE finished nomally in 45 seconds.
b4 atlabE ngine [DLL) version 5.1
““““““ Script Completed with exit code 0

xxxxxxxxx

Figure 59 - HILIiTE Shell Output page showing successful test generation

Figure 60 shows error messages (note the [ERROR] at the beginning of the lines) in the log indicating
that the user did not specify operating ranges for some of the model inputs. Note that HiLiTE produces
the same error message in the model status report and thus the message in the log is redundant; given that
the primary output of HIiLiTE to be reviewed by the user is the status report.
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. HiLiTE Shell

Test Selection | Output | Settings
Abark ] ’ Clear ] [] Stop Logging Clear for each run Load Log ] ’ Save Log ] 8 :zrg::llfxt

HEHRRERE Startting M atlab please walk ... ~

Uszing MATLAE Yersion 7.1.0.246 [R14)] Service Pack 3

HitH##E Start processing model \StrangeS um.mdl

AStrangeSum.mdl - Checking for model cleanliness and unsupported blocks

StrangeSum.md - rate for model = 10.0Hz

StrangeSum.mdl - Preprocessing model, applying connectivity transfomations, flattening subsystem hisrarchy
StrangeSum.mdl - Initializing all real [non-virtual] blocks in the model

HiHnas StranieSum.de - Proiaiatini Data Tiﬁe, Hanie, and analizini cicles feedback Ioois

Marmnal Operating Range must be specified in the madel or in a range file.
HILITE is using universal datatype's default operating range: f-1000:1000

Marmal Operating Range must be specified in the madel or in a range file.
HiLITE iz using universal datatype's default operating range: [-1000:1000]

= Model StrangeSumn: Finished processing model. There are izsuss. Total model processing time: 12.5 seconds
User Should Review: StrangeSum_Summary.=ml and StrangeSum_StatusF eport. hitm
Model Issues: StrangeSum - missing range specifications = 2, modeling defects & untestable conditions = 0, temporally constrained test cases = 0, HILITE tool
limitations =0

Maodel import, library mapping, checking: 11.7 seconds;  Preprocessing and model transformations: 038 seconds

Maodel analysis - rahge propagation, cycles: 0.3 seconds;  Simulink test gen + vector output: 0.0 seconds
Some symbols were undefined. Their names and twpes have been written to C:AHILITEE xamples\HILITE -T G -Hak WM athE xamplesStrangeSum_ta-
MissingSymbols. cav
HILITE finighed nomally in 80 seconds.
M atlabE ngine [DLL] version 5.1
****** Scriot Comoleted with exit cods 0

Figure 60 - Example command window showing errors

The following subsection provides detail on what type of error/warning messages should be investigated
by the user and which should be ignored.

8.1.1 User Review and Disposition of Errors and Warnings in HILITE Log

HILIiTE log provides warning and error messages for user errors in the HiLiTE command file, the model,
or in the execution environment. In addition to this information, these messages may occasionally contain
diagnostics information about that can help the user diagnose testability limitations in the model or help
indentify future HiLiTE enhancements. Occasionally, the user may need to send copies of the log to
HiLiTE support personnel for further diagnosis.

HiLiTE’s general guidance is that the user should ignore any messages, other than those clearly intended
for user attention. Some examples and specific cases are listed below:
Log Error Messages that Require User Review and Action
The following error message must be addressed by the user, they do not appear in the model status report
since the status report may not even be generated in some of these cases or may be incomplete.
e Errors in command line arguments used to run HiLiTE
0 missing or incorrect name of HiLiTE command file
0 non-existent HiLITE command file
e HiLIiTE installation environment errors
0 MATLAB is not installed properly or is not accessible.
0 MATLAB license cannot be obtained.
0 asubassembly (DLL) of HIiLiTE containing classes cannot be accessed or is not found
0 HiLIiTE configuration data (e.g., templates file is missing)
e HiLiTE Command File errors
o0 lllegal/miss-spelt name of a command file element
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@]

Illegal value provided for an attribute or option

o lllegal order/nesting of command file elements

0 Missing command file elements, e.g. missing Model element

o0 Name of a non-existent or inaccessible model file

Following types of model errors

o Error in loading of the model due to the model being too large or linked model files missing.
o0 Malformed model; e.g., unconnected blocks, missing links, not a proper HAM model

0 Model contains blocks that are not supported by HILITE

Certain errors in symbol files (note: some of these errors may be indicated in the model status
report but the details are found in the log)

o0 Name of a non-existent or inaccessible symbol file

o0 Formatting errors in symbol files in rows and columns

o lllegal content of a symbol column: e.g., range min value is not in numeric format

Template Errors (in user modified test case templates)

o Erroneous construction of a test case

o lllegal template formula language (TFL) keywords used

o0 Template values do not evaluate properly within constraints

Errors in user supplied vectors (USVs) for StateFlow charts

o lllegal row/column format of USV

o0 Anillegal USV that is not feasible in the chart

Errors encountered in resolving test point and intermediate variables to model’s code

0 The code referenced in the command file is not the correct version of code

o0 Additional issues encountered by HILIiTE that require use of certain command-file options.
HILiTE indicates such issues specifically along with the options to be used.

Major error in HiLiTE execution

0 HiLIiTE may encounter a major error due to memory and file system issues and may not be
able to complete model analysis and test generation. These errors are marked as such in the log
as a major failure conditions.

Spurious/Redundant Log Error Messages that should be Ignored by User

There are certain error messages in the log that are spurious and should be ignored by the user.
Additionally, there are certain error messages that are redundant — i.e., they also appear in the model
status report.

Range-related errors and warnings; these are already present in the model status report
0 Missing ranges and data types for model inputs and feedback loops

o0 Duplicate range specifications in symbol files

o0 Range overflow conditions

Other range propagation errors

Additional spurious data type warnings that should be ignored

o0 The following type of error message:
[ERROR] Port gain.O1: ***ERROR: propagated Data Type (Real, float64) is incompatible
with specified data type Langindep_Float32 #

o

[WARN ] Ignoring above warnings
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8.1.2 Control of Logging by HILITE

HiLiTE’s logging control information is stored in HiLITE.exe.config file. In the released configuration of
HiLiTE, the default (released) version of HiLiTE.exe.config is placed by the installer in the following
location: “%HILITE_HOME%\Build\bin”.

The file contains specification of XML elements named *“logger”, where each logger denotes a particular
category of logging messages that are generated by HiLiTE. The logging level for each logger can be
independently controlled by setting the value attribute of the level element within the scope of the logger.
The legal values are “FATAL”, “ERROR”, “WARN”, “INFO”, and “DEBUG”, in decreasing order of the
severity for the selection of information to be logged. The default setting for most logger elements is
“ERROR?”, some loggers are set at WARN level.

Users are allowed to modify the HiLiTE.exe.config file for diagnostic/experimentation purposes. The only
change permitted is to change the level of a logger to another value; changing to less severity will produce
more diagnostic information in the log. As a safeguard against inadvertent modifications,
HiLiTE.exe.config includes comments that explain which elements should not be modified. Modifying
these elements may cause unknown errors.

Additional Contents in the Log are Not Defined by HiLiTE. When the levels of one or more loggers
are modified, the content of the log generated by HiLiTE changes. HiLiTE ensures there is ho change in
the other outputs produced, including test case files and Status Report. However, there is no intent by
HiLiTE to define or support the additional content generated in the log when a logger’s level is changed
to less severity. This additional log information should only be used for diagnostic purposes and should
not be enabled in formal test runs.

Example Modifications of Logger Levels

Model Analyzer. Set this logger to INFO level produces detailed log of shape (dimension), data type,
and range propagation information for every block and link in the model:

<logger name="HiLiTE.ModelAnalysis.ModelAnalyzer">
<level value="INFO" />
</logger>

User-Error Specific Loggers. These loggers control the logging of user errors; e.g., errors in symbol
files, command file, model, etc. The following specific loggers are defined with their default level values:

<logger name="HiLiTELogger.User.SymbolFile">
<level value="WARN" />

</logger>

<logger name="HiLiTELogger.User.CommandFile">
<level value="ERROR" />

</logger>

<logger name="HiLiTELogger.User.Templates">
<level value="ERROR" />

</logger>

<logger name="HiLiTELogger.User.Model">
<level value="ERROR" />

</logger>

<logger name="HiLiTELogger.User.Miscellaneous">
<level value="ERROR" />

</logger>
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8.2 Model Summary Report

HILIiTE generates an XML document that summarizes the HiLiTE execution of the model and lists any
model-design defects found by HiLIiTE. If you run one command for several models, each model will
have its own summary file. The file is named mode Iname_Summay .xml and can be found in the Reports
(as named in the TestOutput element of the command file) directory for the model.

Note: Model summary files are “unqualified” output of HILiTE; intended only to give a snapshot of
model success or failure. Do not use summary files to claim credit for a DO-178B objective. The contents
of the fields may change with HIiLiTE releases.

To display a model summary, open the file in your web browser (double-click the file name) or any text
editor. Figure 61 is an example of a model summary showing the results of a successful execution of a
simple model.

C:AHILiTEMExamplesAHILiTE- IG-HAMMMath ExamplestTestGenOutput\BasicMath_Summary.xml - Microsoft Internet Explorer.

»

0 Back - . File Edit ‘View Favorites Tools Help : Address E CHHILITE\Examples\HILITE-TE-HAMMathE xamples’ Test GenOutpr V| £

=7xml version="1.0" encoding="utf-8" 7=

<l-- Sunmary of HiLiTE execution on & model -

<HILITESurmmary HiLITEStatus="Normal">
«l-- Information shout the model -
<Modellnfo Name="BasicMath" UserRev="-" /=
<l=- Information askout the HiLiTE execution run: HiLiTE version, date, and run-time (seconds) for the
model -z
<HILITERUnInfo HILITEYersion="2.5.0.1" ModelStartTime="1/12/2010 11:06:33 AM" ModelRunTime="13.1" />
<l-- Stage 0O, Intilialization: HiLiTE Intialization [(including templates) before loading the model -
<Intilialization HILITEStatus="Normal" /=
<l-- Stage 1, Modelloading: Model Import from MATLAE and Loading inside HiLiTE -—>
zModelLoading HILITEStatus="Normal" />
<l=-- Stage Z, ModelPreprocessing: Model Preprocessing and Flattening of subsystem hierarchy -—>
<ModelPreprocessing HILITEStatus="Normal" />
<l-- Stage 3, Modelinalysis: Model inalysis including data type and range propagation -
<Modelanalysis HILITEStatus="Normal" />
<l-- Stage 4, StateFlowTestCreation: Creation of Test Cases Inside each 3tateFlow chart in model, but
not generated at the model-level yet -
zStateFlowTestCreation HILITEStatus="NotApplicable" HILITEMetric="0.0%0" />
<l=- Stage &5, SJimulinkTestGeneration: Test Case Generation at the Jimulink (model) level, including testc
cases for any 3tateFlow charts -

- «SimulinkTestGeneration HILITEStatus="Normal" HILITEMetric="100.0%0">
<RequirementsCoverage HiLITEStatus="Normal" HILITEMetric="100.0%" /=
< TotalMumebrOfBlockInstancess»4«/TotalMumebrOfBlockInstancess
</Simulink TestEenerations
<l-- Stage 6, UserSpecifiedVectorFilefutput: Test Vector File output (if selected) in User-Specified
Format -—=
zUserSpecifiedvectorFileOutput HILITEStatus="NotApplicable" /=
<l-- Stage 7, HiLiTEWVectorFiledutput: Test Vector File output in HiLiTE Test Vector Format [.cav) -
<HiLITEVectorFileOutput HILITEStatus="Normal" />
<l-- Stage &, TestHarnesaCodeGen: HiLiTE Test Harness Code Generation (if selected) -
<TestHarnessCodeGen HILITEStatus="NotApplicable" />
<l-- Listing of Model Defects, if any -
<Defects /=
=/HILITESummary =

Figure 61 - Model summary for BasicMath example
8.2.1 Model Summary Elements

The model summary includes elements that indicate whether and to what extent HiLiTE completed
actions from the command file. Each element tag indicates the action and a HiLiTEStatus. Some action
tags also indicate a HiLiTEMetric.
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HiLiTEStatus. Attributes for this tag are:

Normal status implies that part of the HiLiTE command worked normally without encountering
any failures.

Error or Failure status signifies a major problem in execution.

Unknown status should be ignored—it typically implies HiLiTE features that could have been
used but were not included in the HiLiTE command file.

NotApplicable status implies that this aspect of HiLiTE execution does not apply to the particular
model.

HiLiTEMetric. This attribute shows a percentage. It is specific to the XML element in which it is
embedded, and its interpretation depends upon the XML element tag. This attribute is primarily
used in regression testing to compare the metrics against previous runs.

8.2.1.1 SimulinkTestGeneration

The SimulinkTestGeneration tag shows whether the model produced Simulink tests, the number of block
instances tested, and how well it met requirements. Here, the HiLiTEMetric subelement indicates the
success of test case generation. HiLiTEMetric = 100% indicates that HiLiTE successfully generated test
cases/vectors for 100% of the test case templates specified for library blocks at the Simulink model level.
This is a tracking metric for regression purposes only.

For the RequirementsCoverage sub-element: HiLiTEMetric indicates the informal coverage of the library
blocks’ requirements by test cases generated by HiLiTE.

Note: If HiLITEMetric in RequirementsCoverage sub-element is less than 100%, some tests for some
requirements were not generated. You should review the modelname_StatusReport.htm to see which
requirements were not tested.

8.2.1.2 StateflowTestCreation

The StateflowTestCreation element reports the metrics for each Stateflow chart in the model. Note:
HiLiTEMetric = NotApplicable indicates the model does not a have a Stateflow chart in it.

The StateflowTestCreation elment contains subelements for each chart. Each Chart element includes the
name of the chart and the combined percentage of coverage tests that were successfully generated. The
StateCoverage element within the Chart element lists the percentage of states that were successfully
activated. The TransitionCoverage element lists the percentage of transition segments that were fired. The
ConditionCoverage element lists percentage of condition tests that were generated. If the HiLiTESuccess
in each of the sub element is less than 100%, this implies that some tests for some of the coverage (State/
Transition/Condition) were not generated. The user must then review the modelname_StatusReport.htm to
see which requirments were not covered. The TotalTestCases attribute on each of the coverage elements
indicates the total number of tests that should have been generated (the denominator of the percentage
calculation used for HiLiTESuccess).
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23 C:\HILiTE\Examples\HiLiTE-TG-StateF low\RiggedUnrigge d-HiLiTEOutput\Reports\RiggedUnrigge d_Summa - Microsoft Internet Explorer, [’._|[’E|rz|
H » .
: O File Edit Wew Favorites Tools Help ;Agdress :C:'|,HiLiTE'l,ExampIes'l,HiLiTE-TG-StateFIow'l,RiggedUnr\gged-HiLiTEOutput‘l,RuV| Go ""'
Go 8[6-" Search = 4r 52 - I:ﬁv @' Sidewiki ~ S Bookmarks ~ ":? Check ~ 33| Translate ~ (|’_|Aut0FiII TR | ] % = -:-S\gn In~
-
<?uml version="1.0" encoding="utf-8" 7= F
<l-- Zuwmmary of HiLiTE execution on & model =
- <HILITESummary HiLITEStatus="Normal">
<l-- Information sbout the model s
«Madellnfo Mame="RiggedUnrigged" UserRewv="" />
<!-- Information about the HiLiTE execution run: HiLiTE wersion, date, and run-time {(seconds) for the model
-
<HILITERuUnInfo HILITEYersion="7.5.0.1" ModelStartTime="1/12/2010 11:30:33 AM" ModelFunTime="12.9" /=
<l-- Stage 0, Intilialization: HiLiTE Intialization {(including templates) before loading the model -=
<Intilialization HILITEStatus="Normal" /=
<l-- Stage 1, Modelloading: Model Import from MATLAE and Loading inside HiLiTE -==
«ModelLoading HILITEStatus="Normal" />
<l-- Stage Z, ModelPreprocessing: Model Preprocessing and Flattening of subsystem hierarchy -==
<ModelPreprocessing HILITEStatus="Normal" />
<l-- Stage 3, Modellinalysisz: Model Analysis ineluding data type and range propagation == —
«Modelanalysis HILITEStatus="Wormal" />
<l-- Stage 4, StateFlowTestCreation: Creation of Test Cases Inzide each 3tateFlow chart in model, but not
generated at the model-level yet =
- <StateFlowTestCreation HILITEStatus="NotApplicable" HILITEMetric="0.0%">
- =Chart Mame="RiggedUnriggedChart" HILITEMetric="100.0%" TotalTestCases="7?">
=StateCoverage HILITEMetric="100.0%" TotalTestCases="2" /=
=TransitionCoverage HiLITEMetric="100.0%" TotalTestCases="5" />
<ConditionCoverage HiLITEMetric="100.09%" TotalTestCases="9" />
</Charts
«/StateFlowTestCreations 2

Figure 62 - Model summary for RiggedUnRigged.mdl showing StateflowTestGen status

8.2.1.3 Model Defects

As part of test generation, HiLiTE analyzes the model for design/testability defects, which are listed
under this element. Figure 63 is an example of a model summary with Defects listed. User should ignore
the attributes Status of and HiLiTESuccess; for defects reporting, these attributes have no meaning.

The Defect sub-elements list the defects of each type found in the model. In this example, there is a
Defect sub-element of Type FROZEN, containing a list of 5 defects — 3 as Simulink level defects and 2 as
Stateflow defects; a Defect sub-element of Type MAJOR listing 1 defect; a Defect sub-element
WASTED, containing listing 1 defect. Please refer to Section 9 for more information on model design
defects.
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<l-- Stage 1, Modelloading: Model Import from MATLAE and Loading inside HiLiTE = s
<Modelloading HILITEStatus="Normal" />

<l-- Stage Z, ModelPreprocessing: Model Preprocessing and Flattening of subsystem hierarchy =
<ModelPreprocessing HiLITEStatus="Normal" />

<l-- Stage 3, Modelinalysisz: Model Analysis including data type and range propagation =

<Modelanalysis HILITEStatus="Mormal" />

<l-- Stage 4, ItateFlowTestCreation: Creation of Test Cases Inside each StateFlow chart in model, but not
generated at the model-level yet -==

=StateFlowTestCreation HILITEStatus="NotApplicable" HiLITEMetric="0.0%" />

<l-- Stage 5, FimulinkTestGeneration: Test Case Generation at the Jimulink (wodel) level, including test
cases for any StateFlow charts =

=SirmulinkTestGeneration HILITEStatus="Normal" HILITEMetric="100.0%">
<ReguirementsCoverage HILITEStatus="Normal" HILITEMetric="100.0%" /=
< TotalMumebrOfBlockInstances=22</TotalMumebrOfBlockInstancess
=/SimulinkTestGeneration:=

<l-- 8tage 6, UserSpecifiedVectorFiledutput: Test Vector File output (if selected) in User-3pecified Format
-
<UserSpecifiedYectorFileCutput HILITEStatus="Normal" /=
<l-- Stage 7, HiLiTEVectorFileOutput: Test Vector File output in HiLiTE Test Vector Format [.csv) -==
<HILITEYectorFileOutput HILITEStatus="Normal" /=
<l-- Stage &8, TestHarnessCodeGen: HiLiTE Test Harness Code Generation (if selected) -==
<TestHarnessCodeGen HILITEStatus="MotApplicable" /=
<l-- Listing of Model Defects, if any -==

- zDefects>

- <Defect Type="FROZEN" Count="3">
=MsgText Block="BQT_Math_DivideGain/AfterGainConst" Port="" Index="[0]">=All output ports are constant for this
vector index</MsgText>
=MsgText Block="BQT_Math_DivideGain/GainConst" Port="" Index="[0]">All output ports are constant for this vector
index</MsgText>
=MsgText Block="BQT_Math_DivideGain/GainConst_Out" Port="" Index="[0]">All output ports are constant for this
vector index</MsgText>
=/Defects
- <Defect Type="MAJOR" Count="1">
«MsgText Block="BQT_mMath_DivideGain/DivByZero" Port="2" [ndex="[0]">Block DivByIero: Divide by zero possible
since maximum possible range on denominator can not be determined</MsgText>
=/Defacts
</Defectss
</HILITESuUmmary =

Figure 63 - Partial view of Summary for a model with design defects at Simulink Level

8.3 Model Status Report
For each model, HiLiTE generates a file named modelname_StatusReport.html, which lists:
e incompleteness/errors in the range and data type values (for model inputs and feedback loops)
provided by the user
e errors in range computation for Statechart output ports which are very high
o the low-level requirements that could not be tested by the generated tests

o (if applicable/required by user) the robustness coverage that was not achieved with the generated
tests

The Status Report is a “qualified” output of HILiTE to be used as the sole evidence of HiLiTE execution
status for a model. It is reviewed by the user for dispositioning or correcting any errors reported and for
obtaining a list which low-level requirements were not tested and robustness coverage that was not
obtained. The tester can then decide how to disposition each missing requirement or robustness coverage
by creating additional manual test case(s), changing the model design, or dispositioning it as an un-
testable situation.

Figure 26 is an example of a status report that indicates that there were no range and data type
specification errors and that all requirements were tested.

Major Status Report Sections. The Status Report has several sections, as listed below and described in
the following subsections.
e Header

e  User Specification of Data Types and Normal Ranges
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e Errors in Propagation of Data Types and Ranges (only when errors present)
e Test Generation Summary

— Requirements Coverage

— Test Generation Directives and other Options Used (only for options used in command file)
o Stateflow Charts Test Generation Summary

— Stateflow Chart Requirements Coverage (State Coverage, Transition Coverage, Condition
Coverage)

— Stateflow Test Generation Options Used (only for Stateflow options used in command file)
o Test Generation for Blocks' Requirements
o Robustness Coverage of Model Inputs (optional)
e Test Points and Overrides Suggestions (optional, unqualified output)

8.3.1 Status Report: Header

The Header section of the status report displays the model name, model revision, HiLiTE version, date
and time of report generation along with copyright and use information.

A RiggedUnrigged TestGen Report - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help %3 ~ lf;'

Test Generation Report for Model: RiggedUnrigged

Honeywell Confidential — @ 2005-2010 Honeywell International Inc.

This copyrighted work and all information and expression are the property of Honeywell International Inc., contain trade secrets and may not, in whole or in part, be
licenzed, used, duplicated, or disclozed for any purpose without prior written permizsion of Honeywell International Inc, All Rights Rezerved,
Auto-Generated by HILITE ¥Yersion 7.6.2.0 on 7/3/2010 1:58:07 PM
HiLiTE Released Templates Yersion: 7.6.0.0; Template Family Revision: Standard=10
Template Family Used: Standard

ﬂj Done _-g Ity Computer

Figure 64 - Status report header
8.3.2 Status Report: User Specification of Data Types and Normal Ranges

This section lists the inputs for which data type or normal operating range is unspecified or incorrectly
specified — based upon values provided in the model and in range files specified in HiLiTE command
input. If data type and ranges are specified for all model inputs and feedback loops, then Status report file
says that “All input data types and ranges are specified”, as shown in Figure 65. This area of the report
also shows any unique identifiers included in the range files (refer to Appendix B, Creating Range and
Data Type Files for more information).
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User Specification of Data Type and Range for Model Inputs and Feedback Loops
Symbol Files Used

D:HILiTE_B2'\Qualification' ExternalF eatures'SymbolFiles' Normal\SF_RangeFileWithUniqueldentifier. csv; Unique Identifier: UniqueID_ 011

D:HILiTE_B2\Qualification' ExternalF eatures'SymbolFiles' Normal\SF_RangeFileWithGUID csv; Unique Identifier: {F51DFC3B-21C5-4423-
ABCR-C20D61FDDASF}

D:HILiTE_B2'\Qualification' ExternalF eatures'SymbolFiles\ Normal\SF_OpRange_symbols_csv

All input data types and ranges are specified.

{core € Internet fh v H100% v

Figure 65 - Status report all data types and normal ranges specified

If one or more ranges or data types are not specified, then those are listed in this section as errors as
shown in Figure 66. Given that the user is notified of the specification errors, HiLiTE will use internal
default normal operating ranges and generate tests.

User Specification of Data Type and Normal Range for Model Inputs

ERROR - Inpt Block: Input Radis_In: migsing Notmal Operating Range specification.
Notmal Operating Range rust be specified in the model o in a range file.
HILiTE is usitg universal datatype's default operating range: [-1000:1000]

ERROR - Inpnt Block: Input Choice: missing Normal Operating Range specification,
Notmal Operating Range rust be specified in the model o in a range file.
HiLiTE is using universal datatype's default operating range: i{:100]

AtateFlow Chart: Calewlate_Ares, output Area Out: propagated operating range +[-1000000000:1000000000] 15 too high; cantot be computed propedy by the StateFlow char.
User tust specifyy it in the chart explorer or it a range file using symbol name "BOT Math DivideGain/Caleulate Area Area Out"
By default, this range 1 being set to #[-100000000:100000000]

StateFlow Chart: Calewlate_Ares, output cHam3tate: propagated operating range 1-10000000:10000000] 15 too high; catmot be computed propely by the StateFlow char.
User tust specifyy it in the chart explorer or it a range file using symbol name "BOT MMath DivideGainCaleulate Area oHamState"
By default, this range 1 being set ta i[-1000000:1000000]

AtateFlow Chart: DrinkChart, output BelectedDrink: propagated operating range i0:10000000] is too high, cannot be computed properdy by the StateFlow chart.
User tust specifiy it in the chart explorer of it a range file using symbol name "BOT_MathDivideGain/DiinkChart SelectedDrink"
By default, this range is being set to if0:1000000]

AtateFlow Chart: DrinkChatt, output oHam3tate: propagated operating range i-10000000:10000000] is too high, cannot be computed propetly by the StateFlow chart.
User must specifiy it in the chart explorer or it a range file using symbol name "BOT_Math DivideGainDirinkChart oH am3tate”
By default, this range is being set to i[-1000000:1000000]

All other ingut data types and ranges are specified.

Figure 66 - Status report example: missing data types and normal ranges and error with range
computation for Stateflow chart output ports

8.3.3 Status Report: Errors in Propagation of Data Type and Ranges Thru the
Model

HILIiTE will report any errors in data type and range propagation through the model (see Section 9.2).
This includes overflow errors as shown below:

Errors in Propagation of Data Type and Ranges thru the Model

Block Uint_Subtraction: Overflow - port Uint_Subtraction.O1 range i[-2:15]: data type limits exceeded
propagated operating range has been reduced to allow downstream computations
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Spurious Error Messages for Propagation of Data Types and Ranges

In some cases, as shown in Figure 67, HIiLiTE generates a spurious error message (“Range propagation
broken ...”) that you should ignore. For these cases, HiLiTE makes correct interpretations during test
generation.

Errors in Propagation of Data Type and Ranges Thru the Model

[ERROR] Range propagation broken for block Logic/typecastl v{0}, blocktype: DataTypeConversion
Propagated operating range b[0:1] extends beyond max allowable range {r[0]; r[1]}

Figure 67 - Status report example: spurious range propagation error should be ignored
8.3.4 Status Report: Test Generation Summary

The Test Generation Summary shows which version and family of the templates were used, percentage of
simulink block requirements coverage attained, and the directives and options specified in the HIiLIiTE
command file.

Test Generation Summary

HiLiTE Released Templates Version: 7.6.0.0; Template Family Revision: Standard=9
Template Family Used: Standard

Simulink Blocks Requirements Coverage = 100.000%
{coverage computation based upon Template Family versions listed above)

Test Generation Directives and other Options Used

Functional Requirements Coverage computed for all blocks

Blocks isolated as separate function units (e.g., StateFlow charts) will be tested using model-level tests
Use of Unit-Delay Past Value override is not allowed as a secondary stimulus means

Use of Stimulation Block Override is not allowed as a secondary stimulus means

Standard Test Case Templates are used for all blocks

HAM Block Level Test Points are On

Model Level Test Points are On

Figure 68 - Status report example: Test Generation Summary

Simulink Blocks Requirements Coverage displays the percentage of Simulink level requirements that
were covered. The computation and reporting of this coverage is in accordance with the HIiLiTE
command-file options specified for this model, as described in Section 1.1. In the figure above, all
requirements test were completed successfully. Requirements coverage is computed as a percentage of
successful tests in relation to actual test cases. For example, if ten test cases are present, but only five are
completed, the coverage is 50%.

8.3.5 Status Report: Stateflow Charts Test Generation Summary

Stateflow Chart Requirements Coverage

Figure 69 shows the section of the Status Report that lists the requirement metrics for state, transition, and
condition coverage achieved by HiLiTE for Stateflow charts in the model along with the test generation
options specified in the HiLiTE command file.
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Stateflow Charts Test Generation Summary

StateFlow Chart Requirements Coverage - RiggedUnrigged/RiggedUnriggedChart

State Coverage = 100.0%4% (2 of 2)
Transition Coverage = 100.0%% (5 of 5)
Condition Coverage =100.0%% (9 of 9)

Stateflow Test Generation Options Used

Backwards Search WILL be used to improve requirements coverage

Maximum search depth for backwards searchis 5

Maximum number of iterations for timers in backwards search is 2000

No input vector files will be used

Stateflow TPI files will NOT he broken up into multiple files

Advanced expression simplification will be applied to expressions of size 10 or smaller

Figure 69 - Status report example: Stateflow charts test generation summary
8.3.6 Status Report: Test Generation for Block Requirements

This section of the Status Report displays a summary of the requirements coverage options for the model
specified in the HiLiTE command file and the requirements coverage for each block instance in the
model. The computation and reporting of this coverage complies with the HiLiTE command-file options
specified for this model, as described in Section 1.1. Figure 70 is an example of the layout of this status
report section.

Test Generation for Blocks' Requirements

(Note: Any reporting of potential testability limitations for blocks is intended only as guidance for the userin
determining the cause of missing requirements coverage.)

StateFlow Chart RicgedUnriggedChart: All Chart Internal Requirements Tested

StateFlow Chart RiggedUnriggedChart: All Functional Requirements Tested

Note: Requirements for this block are not separately captured; they are denoted by test cases

Figure 70 - Status Report: Test Generation for Blocks' Requirements - Layout

Potential Testability Limitations

Reporting of potential testability limitations by HiLiTE for blocks is intended only as guidance in
determining the cause of missing requirements coverage or exceptions during test case execution. In some
cases, HiLiTE may over report model defects. Althogh some model defects manifest as overflow
conditions, all overflow conditions in he model are reported exhaustively in another section (see Section
8.3.3) of the Status Report and the redundant reporting of those conditions as testability limitations should
be ignored by the user.

User should apply the following method to address the potential testability limitations reported by
HILITE:
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1.

If all test cases for block are generated and there are no exceptions during execution of those test
cases, then the user should ignore the potential testability limitations for that block. The only
exception are testability defects in certain cargories listed in Section 9.3.

Otherwise, the user should manually analyze the reported testability limitations for that block to
determine whether it is a valid limitation or an over reporting by HiLiTE. If it is a valid
limitation, then the user should determine the following:

a. If this limitation results in an untestable condtion then the missing test case can not be
created; resulting in requirement/structural coverage shortfall. This is typically due to
model design constraints and may require changes to the model or a dispostion of the
missing coverage.

b. If this limitation does not result in an untestable condtion then the limitation can be used
to guide manual test creation.

8.3.6.1 Block Requirements Categories

Block requirements fall into two categories: functional/interface and robustness. Block requirements are
captured using the HiLiTE TemplateManager, as described in Section 0.

Functional or interface requirements. For the DO-178B testing objectives, low-level requirements
represented by a model need to be tested on the object code for that model. A model’s low-level
requirements comprise the requirements for all the blocks in the model, where either functional or
interface requirements for a particular block are applicable, but not both. For each block, coverage of
generated tests is computed for either functional requirements or interface coverage, based upon the type
of blocks and the HiLiTE command-file options.

Functional requirements. These requirements are applicable to a block whose code is generated as
part of a model’s code. These represent the full normal-range functionality of a block that
subsumes any interface functionality as well.

Implicit Interface Requirements. If a block is implemented as a separately linked library function
and the option InterfaceCoverageForExtFunctions is selected, HiLiTE computes interface
coverage for that block, rather than functional requirements coverage, using implicit interface
requirements as described below:

o0 Coverage computation: HiLiTE tallies all tests generated for the model. The implicit
interface requirements are that each input and output port of the block must appear in at least
one test vector generated for the model. The coverage of different ports may be spread
across multiple test cases; it is not mandatory that all ports of the external library block must
be used within a single test case.

o Coverage reporting: If interface coverage is missing for a block, then the ports on which the
coverage is missing are listed in the status report. In addition, for guidance, the block’s test
cases that were tried but not generated are also listed. It is not necessary to recreate the same
test cases to obtain this missing coverage.

Explicit Interface requirements (optional, ignored). These requirements are applicable to a block
that is implemented as a separately linked library function (e.g., S-function block, block in run-
time library). Explicit interface requirements specification can be done using the Template
Manager and is optional. If specified, these represents a subset of data and control coupling of the
library function call for documentation purposes only. Explicit interface requirements captured
for a block are for user’s own documentation benefit and are ignored by HILiTE.

Robustness requirements. In addition to functional or interface requirements, specific robustness
requirements can be specified for certain blocks to meet robustness testing objectives. The coverage
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ved of these requirements is computed in addition to the functional or interface requirements, based
the HiLiTE command-file options.

8.3.6.2 Block Requirements Coverage Reporting

Fore

ach block (instance) in the model, HIiLITE indicates whether a test case was generated that maps to

the requirement for each of the relevant requirements of the block. The Status Reports shows whether any
relevant requirement were not covered.

If a block is vectorized, then each vector instance of the block is listed separately using this
notation: blockname[vectorindex].

For a particular block, coverage is reported on functional, interface, or robustness requirements
(as described above), depending upon HiLiTE command-file options.

Robustness requirements coverage is reported on a block only if HiLiTE command-file options
selects robustness requirement coverage reporting for blocks and this block had one or more
robustness requirements.

Robustness coverage of model inputs is reported for the model inputs only if HiLiTE command-
file options select the InputsRobustnessCoverage option. Note that the additional test cases
generated for this coverage are named “At or Above Op Range Max” and "At or Below Op
Range Min". These test case names indicate that from the perspective of the user program’s DO-
178B objectives, it is adequate to have the test case either at the boundary value or slightly
above/below.

Chart internal requirements coverage is reported for charts present in the model. It also reports
whether the vectors for charts are generated at the model level or in isolation. (When the
IsolateBlocks option is On in HiLiTE command file, the vectors are not generated at the model
level; the report will show: “Note: model level tests are not generated for this chart.”)

Figure 71 illustrates reporting of different types of block requirements coverage.

Test Generation for Blocks' Requirements

(Note: Any reporting of potential testability limitations for blocks is intended only as guidance for the
user in determining the cause of missing requirements coverage.)

Block filterl: All Functional Requirements Tested
Robustness Coverage: All Robustness Requirements Tested

Block timerFuncExtl1: All Interface Requirements Tested

Block latch: Following Functional Requirements Not Tested

Functional Requirement: Reset Precedence over Set; Alternative Test Cases tried (listed as guidance):
1. Reset Precedence over Set: HiLiTE couldn't generate this test case - try creating a manual test case

Stateflow Chart Calculate_Area: All Chart Internal Requirements Tested

Note: model level tests are not generated for this chart

Robustness Coverage of Model Inputs

(Robustness Coverage for Below, Within, and Above the Normal Operating Range of each model input)
LessThan_In3[0]: {Below Within Above}

ProdFloat_In1[0]: {Below Within Above}

ProdFloat_In2[0]: {Below Within Above}

Figure 71- Status Report: Coverage Reporting of Different Types of Block Requirements
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If requirements are not specified for a block, then HiLiTE will report this error in the status report
indicating that the user must specify the requirements for this block in the template, as shown in
Figure 72.

Block VarLim2 Const: All Functional Requirements Tested

No requirements specified for this block - user must specify them; coverage is currently computed hased upon test cases captured in template

Figure 72 - Status Report: where no requirements specified are reported
8.3.7 Status Report: Robustness Coverage of Model Inputs

When ModellnputsRobustnessCoverage option is turned “On” in the command file HiLiTE performs
robustness coverage analysis of model inputs. Each model input must be used for a value within, below,
and above its normal operating range in at least one test vector generated. If a specific robustness value is
missing for an input, HiLiTE attempts to generate additional robustness tests for that input. The resulting
robustness coverage achieved for each model input is listed in the “Robustness Coverage for Model
Inputs” section, as shown in Figure 73.

Robustness Coverage of Model Inputs

(Robustness Coverage for Below, Within, and Above the Normal Operating Range of each model
input)

inputA[0]: {Below Within Above}

inputB[0]: {Below Within }

inputC[0]: {Within Above}

inputD[0]: non-numeric type

Figure 73 - Status Report: Reporting of Robustness Coverage of Model Inputs
8.3.8 Status Report: Stateflow Errors

The Stateflow test generator produces a writer report named Chart name_WriterReport.txt. This report is
a text document that lists every action that sets each local and output variable. It is useful for
understanding any uninitialized value errors reported by HiLiTE. For example, in Figure 74 the value of
Num_Out is not initialized in the model explorer.
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FFCT_1_2%
rNegativeState )
: C5 1 2

D%terrrlw.mleState [(Num_In »=-10) && (Num_In < 0)] entry_' -
-'\'._;S_._"-' FCT 1 1% .‘|"‘Q-- Ay
nty: _1 e L CS en_ 1 2%
NS oHamState=2;
HamState=1;
oHamState : Num_Qut = Num_In;

2 Num_Out = 5] ., o’

[Mum_Out = &]

/*C5_en_1_2%

UHarﬁState:-i:

Figure 74 - Example Stateflow chart

The status report contains an error stating, “Tried to read an uninitialized value of Num_Out. Assuming
value of zero.” The writer report (Figure 75) can help find where the value is being read before it is
written. Here we see that Num_Out is written in only one place, NegativeState. Looking upstream from
NegativeState, we can see that Num_Out is read evaluating the transition from DeterminState to State_1.
Since this transition will be evaluated before entering NegativeState, we have identified a model error.

Num_Out(INT32):1:0UTPUT_DATA
NegativeState
(Num_Out:=Num_1In)
e
oHamState(INT32):2:0UTPUT_DATA
DetermineState
(oHamState:=1.0)
NegativeState
(oHamState:=2.0)
State 1
(oHamState:=3.0)
State 2
(oHamState:=4.0)

Bk e

Figure 75 - Portion of writer report.
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9 Model Analysis

HILIiTE’s model analysis capability analyzes Simulink/StateFlow models to determine ranges for
signals/variables in the model and identifies overflow conditions and testability defects. This analysis
capability enables the user to find design problems early in the development cycle and can be used for
partial automation of design review checklists®. This model analysis capability is complementary to HAM
Compliance Checker and other commercially available “style checker” tools. The following are the two
main aspects of the model analysis:

1. Range analysis: Comprehensive propagation analysis of the operational ranges of intermediate
signals and outputs of the model, given the ranges at the model inputs. This includes
determination of hard range constraints (e.g. due to limiters) within the model.

2. Model design defects analysis: Analysis of certain model design defects based upon range
analysis — including overflow conditions, frozen signals (constant value), un-testable conditions,
and violation of modeling design guidelines or block-specific constraints.

This section describes user steps for analyzing a model, lists possible model defects, and gives simple
examples of defective models. The section includes an example HiLiTE command file for analyzing the
models and the output information that helps you understand problems.

9.1 Creating HiLITE Command Files for Model Analysis

HiLiTE automatically performs model analysis when generating tests (TestGen command), but it also
offers a command to perform model analysis alone. Making use of this command to analyze models,
especially complex models, can save time by showing whether the models are ready to be used for
generating tests. After HiLiTE performs the model analysis, it includes error information in the

2 The current version of HiLiTE cannot be used to claim DO-178B credit for model design review; this is being addressed in
future versions of HILITE.

Honeywell Confidential 115 Version 7.8



Section 9 Model Analysis

modelname_StatusReport.html. Additionally, based upon user option, HiLiTE generates a file that
contains the ranges determined for model outputs.

Both the TestGen and ModelAnalysis commands will cause HILIiTE to perform model analysis. The
command file parameters for model analysis alone are really no different from those for generating tests,
although the command files may tend to be less complex. In essence, you replace the TestGen command
with ModelAnalysis. Figure 76 gives an example of the most basic model analysis command file. Figure
77 illustrates the model named in the command file.

<?xml version="1.0"7>
<HiLiTEParameters>
<ProjectPath>_.</ProjectPath>

<TestOutput>
<Root><Args>1</Args></Root>
<Category name="Reports''>Reports</Category>
<Category name="Vectors''>Vectors</Category>
</TestOutput>

<Extension>HAM</Extension>

<Command name="‘ModelAnalysis">

<OptionSet name="ModelAnalysisDirectives">
<Option key="'GenerateOutputRangeFile'">True</Option>
<Option key="‘OutputRangeFilelnReportsDir''>True</Option>
</OptionSet>

<Model name="'RangePropExample"/>
</Command>

</HiLiTEParameters>

Figure 76 - HILiTE command file for model analysis

[Uint_Add_In (u,0,L) [1] > PR
10 to 20 I Uint_Subtraction_Out (a) [1]|
| Uint_Subtract_In (u, 0, L) [2]

Uint_Subtraction

5to 12
[ DivideByZero_n (£, 0, L) [3] »|n _
oo 100 ) n/d ——<_ DivideByZero_Out (a) [2]]

divideByZero

[sum_in1 (0, L) [4]
Sum_Out (a) [4]

P+
0to 10 >_|—" ) L
Sum_In2 (f,0,L) [5
[sum_n2_6.0.1) (5 Sum »[i5 Gain_out () [3]

X
2to5
Gain
[Limit_In (. 0,L) [6] > va Product
Limit n _
Aot -Im-l n/d —>< SafeDivide_Out (a) [5]|

Limit d

2t0 4

SafeDivide

Figure 77 - RangePropExample.mdl

Successful completion of Model Analysis

HIiLIiTE clearly indicates in the modelname_Summary.xml file, in the modelname_StatusReport.htm file,
and in the log if there is a problem resolving the ranges or the data types of any block in the model. If no
problem is reported then that indicates a successful completion of model analysis.
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9.2 Data Type and Range Propagation Analysis

During model analysis, HiLITE propagates data type and operating range information from the model
input blocks (specified in the model and/or symbol files) through the rest of the blocks in the model to the
model outputs. In this propagation, the data type, operating range, and hard range constraint (if any) is
determined for all intermediate signals (all inputs and outputs of each block instance) in the model. The
range computation takes into account the specific mathematical and functional effect of each library
block. The following are computed for each output of each block:

¢ Data Type: including both the universal data type and language independent representation

¢ Normal Operating Range: the range of possible values the output can have, for all combinations of
input values of the block within the normal operating range of each input.

o Maximum Allowable Range Constraint: (also called a hard bound or simply range constraint) It
denotes a constraint on the feasible values due to specific block computation such as range
limiting and/or range constraints on block inputs. Examples are outputs of the constant and range
limiter blocks; values on these signals outside the constraint are not feasible in the model. Most
signals in the model do not have a range constraint; i.e., all values within the data type limits are
feasible for that signal.

Based upon the data type and range propagation results, HiLiTE performs the following analysis and
defect checks:

o Detects potential overflow conditions; i.e., situations where the operating range on a signal
exceeds the limits supported by the data type. This includes divide-by-zero situations.

e Detect model design and testability defects that are further described in Section 9.3.

HiLiTE's Usage and Reporting of Range Propagation Results

HiLiTE uses the results of range propagation in generating the test cases — including references to normal
operating range values from test cases templates and enforcement of range constraints. In addition, if the

command option to generate an output range file is used, as in Figure 76, then a file is generated in CSV

format that contains the propagated normal operating ranges for all model outputs (Figure 78).

E“*a =9 - = COutputRanges_RangePropExample.csv - Microsoft Excel - = X

_’_“/ Home Insert Page Layout Formulas Data Review View Add-Ins Get Started @ - 7 x
A B C F H L R T

1 #Ranges of Model Outputs - Auto Generated by HILITE

2 |#Symbol Name Normal Range Min  Mormal Range Max  Data Type Normal Range in Mathematica Error Condition (if any)

3

4 Uint_Subtraction_Out 0 15 Langindep_UInt32 i[0:15]0wr Overflow

5 |DivideByZero_Out -500000000 500000000 Langindep_Float32 {r[-5E+08:-2]; r[1.25:5E+08]}  Owverflow

6 |Gain_Out -100 160 Langindep_Float32 r[-100:160]

7 |Sum_Out -5 8 Langlndep_Float32 r[-5:8]

8 SafeDivide_Out -10 16 Langindep_Float32 r[-10:16]

k] -

4 4 » M| QutputRanges_RangePropExample ¥ [N m ] 0

Ready ||| 100% Li) 0 L‘l‘) ot

Figure 78. Output Range File for the example Model

Reporting of overflow if a normal range exceeds data type limits: Any overflow errors are indicated in
column L (Error Condition) of output range file if a normal range exceeds data type limits. If the
propagated range from a block internal in the model exceeds data type limits, then HiLiTE will detect an
overflow and propagate the overflow condition downstream to corresponding model output(s). It will be
reported in the output range file in the column L as an upstream overflow, as shown in Figure 79 for the
Boolean output GreaterThan_Out.
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,."-;\,I =9~ = CutputRanges_CF_RangePropThruMultipleBlocks.csv - Microsoft Excel - =B X

jﬁ/ Home Insert Page Layout Formulas Data Review View Add-Ins Get Started '9) - 2 X
| i - I |
I A B G G ] K L M N

1 |#Ranges of Model Outputs - Auto Generated by HILITE | |
2 #Symbol Name Mormal Range Min Normal Range Max Producer Mod Changed frot Vectol Error Condition (if any)  Specified Propagate P

3

4 |GreaterThan_Out 1] 1 CF_RangeProg Yes 1 Overflow - upstream rl0:1] Yes
5

6

7

L

14 4 » M| QutputRanges_CF_RangePropThruMu %] [ | m

[EEEm S e ==, i)

Ready

Figure 79. Indication of overflow upstream in the model from a Boolean output

Overflow conditions are also reported in the model status report as results of range analysis, as shown in
Figure 80. Please refer to Section 8.3 for more information on the status report. Additionally, original

causes/locations of overflow (e.g., a divided-by-zero, tan(90)) are

Errors in Propagation of Data Type and Ranges thru the Model

Block Uint_Subtraction: Overflow - port Uint_Subtraction.O1 range i[-2:15]: data type limits exceeded
propagated operating range has been reduced to allow downstream computations

Block divideByZero: Overflow - port divideByZero.O1: data type limits exceeded
propagated operating range has been reduced to allow downstream computations

Figure 80. Overflow error indication in the model status report

9.2.1 User Assistance needed for HILITE Data Type and Range Propagation

Specifying Feedback Loop Data Type
If HILIiTE cannot resolve a data type for a feedback loop then a warning appears in the status report. The
user is asked to specify the data type for the feedback loop port similar to the feedback loop range
specification. This can be done by adding a column in the feedback loop range file or creating a separate
file for the data type. The following example illustrates the latter approach.
e The following is added in the HiLiTE command file:
<ColumnSpec specName="DataTypes" delimiters="," commentChars="#" titleLines="1">
<Column name="symbol" col="0"/>
<Column name="lir" col="1"/>

</ColumnSpec>
<SymbolFile fName="FeedbackLoops-DataTypes.csv" specName="DataTypes" />

e The following are the contents of example symbol file FeedbackLoops-DataTypes.csv:
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LR

=

Microsoft Excel

-~

ad J —
—/ Home Insert Pagelayout Formulas Data Review View Add-Ins Get Started (@)
S | modell/subsysteml/simpleDelayl.Output

| AS -

i3] AF-FeedbackLoops-DataTypes.csv

A B i D
1 |#This file contains values for ranges in feedback loop unit delay blocks
2 #Format:
3 #modelname/blockfullname.Output lir
4 |#
5 |modell/subsystem1/simpleDelayl.Output Ifioat32
]
Ready (|68 O H| 2002 (=) y (S

Using the ExtensiveModelAnalysis Option

For some complex models (especially if the model includes complex loops), it is difficult for HILIiTE to
determine range, size, and data type at the output ports of all blocks. Setting the Option key value for
ExtensiveModelAnalysis in the ModelAnalysisDirectives option set to True lets HiLiTE make this
determination. If HiLiTE is unable to determine range, size, and data type for blocks in the model, the
HIiLiTE log file will suggest setting this option key to “True” or “False”, as the case may be for a
particular model. You will see a message similar to:

[ERROR] ModelName: Data Type and Range propagation failed; test generation aborted.

[ERROR] Attention HiLITE Users!.._ModelName Enable following option in HiLiTE

command Ffile. ..

<OptionSet name="ModelAnalysisDirectives'>

<Option key="ExtensiveModelAnalysis">True</Option>
</OptionSet>

Specifying Precise Ranges at the Outputs of StateFlow Charts

In certain models, HiLiTE cannot determine a precise range at an output of a Stateflow chart. HILiTE
uses a very high default value for further analysis and an error message (and related information) is
provided in the model status report. User can specify a range for this output in a range file as input to
HiLiTE, using the Stateflow chart name and the output port name. The symbol name used in the range file
should be in the following format (note: model-name should not include .mdl extension):
<model-name>/<block-hierarchical-name-within-model>.<chart-output-name>

Note that users may have historically used range files containing symbols without the model name prefix,
... <block-hierarchical-name-within-model>.<chart-output-name>. This usage can lead to ambiguities and
erroneous application of ranges intended for another chart of the same name in another model. HIiLiTE
offers deprecated backward compatibility for this usage and will give the following warning messages in
the log for models that do not comply with the format:

[WARN] Symbol File: Symbol ACE_Tx_Wrap_Test is being used without model name prefix.
User should always use model name as a prefix for symbols relating to block names internal to the model;
specification without model name can lead to ambiguities and is deprecated.

9.2.2 Special, Optional Range Checks

Block Inputs Range Limit Check

HiLIiTE provides a capability for the user to check if the instances of a certain type of block in a model
have their incident input ranges in that model confined within certain limits. The user can specify the
inputs range limits for certain block types in a CSV file to HiLiTE which then reports an overflow error if
the ranges at inputs of a block exceed the limits for that block type. The following command option is
used:
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<OptionSet name="ModelAnalysisDirectives">

<Option key="CheckBlockinputRangesAgainstLimits">True</Option>

<Option key="BlockinputRangeLimitsFileName">BlocklnputsRangeLimits.csv</Option>
</OptionSet>

The format of the file is as follows:

_ﬁ\ (= 2 - = BlockInputsRangeLimits.csv - Microsoft Excel - = X
i) _
- Home Insert Page layout Formulas Data Review View Add-Ins Get Started & - & X
a2 - fe | Sum (HW) ¥
A B C D E F G K
1 #Mask Type Mum Inputs Min Max Exclude Min  Exclude Max I
2 [sum (HW) | 1 -1.00E+12 1.00E+12 1
3 |Product (HW) 1 -1.00E+10 1.00E+10
4
5
i1
7
M 4 » ¥ | BlockInputsRangeLimits %] 00 I |
Ready ||| 5O 0| g0036 @ 0 @ I
Notes:

o If the same limit is to be applied to all inputs of the block, then Num Inputs should be 1.

o If different limits apply to different inputs, then all inputs should be counted (in Num Inputs) and
the four columns (Min, Max, Exclude Min, Exclude Max) should repeat for each input.

e The columns Min and Max are required. The columns Exclude Min, Exclude Max must be
present in all rows but can be left blank if some of the columns do not apply to a block (see the
example above). Care must be taken in creating the CSV file to ensure this in Excel.

9.3 Detection of Model Design and Testability Defects

During model analysis, HILiTE performs comprehensive range propagation as described in Section 9.2.

Using the results of range analysis, HiLiTE performs a further analysis to detect and report design defects
and/or testability defects in the model.

9.3.1 Categories of Model Defects
Model defects are loosely classified in the following categories. Note that these categories don’t impart
any special meaning — the defect message/details need to be examined to assess the impact of the defect.

MAJOR

There is a major design issue with this block or preceding logic in the diagram, or constraints on
inputs, or uninitialized variables.

OVERFLOW

The output of this block has a computed normal operational range that does not fit within the data
type limits. This can cause arithmetic exception in the model’s code if those range values are
reached. Possible divide-by-zero is an example of this.
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DEAD_OR_DEACTIVATED
Some conditions make it impossible to execute parts of the code for a block or a Stateflow
construct.

FROZEN
The output of this block/port is constant, but the block isn't a constant block. For all
blocks/constructs this condition results in unnecessary code and inability to achieve requirements
testing coverage. Additionally, for logic, relational, limiters, and switch types of blocks (e.g.
blocks with decisions/branches in code), it is impossible to achieve structural coverage
(Statement or Decision, MC/DC coverage)

UNTESTABLE
It is not possible to test all input values at a port or Stateflow variable used in a condition. This
condition makes it impossible to achieve structural coverage (Statement or Decision, MC/DC
coverage)

IGNORED (obsolete)
This defect code is obsolete now; older versions of HiLiTE may report it.

WASTED
This block could be replaced by something simpler, such as a direct connection between inputs
and outputs. Wasted blocks don't have to have constant outputs—they just aren't needed.

TYPE_OR_RANGE
An issue in range or data type specification or propagation has been noted. E.g., illegal range
value specified for a model input or an additional range specification is needed for a variable in a
feedback loop

INPUT_REQ_VIOLATED

The normal operational range of an input to the block violates the block’s input requirement (e.g.,
operational range of input to Sqrt is —ive). This can cause abnormal behavior in the operational
envelope. Note that some blocks may have built-in protection mechanism to prevent abnormal
behavior but the defect should still be addressed.

INADEQUATE_CONSTRAINT

An input to the block is not adequately constrained upstream — i.e., its beyond-normal
(abnormal) range can potentially violate a block’s input requirement. This defect is less
severe than INPUT_REQ_VIOLATED and may be disposed by a user as acceptable.

ATTRIBUTE
A block attribute problem was detected; the block attribute is an illegal value or outside
guidelines, e.g., time constant (tau) of filter < 2 * periodic rate.

UNSUPPORTED
This block type or feature isn't currently supported by HIiLiTE

STATEFLOW

Additional problems were discovered during Stateflow analysis that does not fall into other
categories.

9.3.2 Types of Model Defects Currently Reported by HiLITE
HiLiTE currently reports the following types of defects:

o Potential for overflow when the normal operating range of a signal in the model exceeds the limits of
the data type (e.g., divide-by-zero)
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Constant (frozen) signals — i.e., the maximum possible range is constrained to a point value
o Output of a comparator (e.g. >=, <) is always true or false due to range constraints at its inputs
0 Output of a Typecast (float to Boolean) is always true due to floating point error.
o0 Output of an and gate is always false when one input is fixed at false.

Un-testable requirements/conditions (as per DO-178B requirements-based testing and structural
coverage guidelines). E.g.,

0 Reset precedence over set condition for a latch cannot be exercised
o Input to a logic gate is range-constrained to 0 or 1

The control port of a switch or multiport switch has a constraint such that all code paths cannot be
reached (dead/deactivated code)

Typecast from float data type to Boolean: For this case, MATLAB RTW generates inappropriate
code (of the form “input == 0.0”) that tests for floating-point equality. This can be non-deterministic
due to floating point error in the input value and a true or false output value cannot be guaranteed
deterministically on the target implementation. Note that model analysis, traditionally, is based only
upon information in the model and not on unexpected bugs in code generation that violate basic
coding guidelines. Therefore previous versions of HILiTE did not detect this situation since this
model scenario by itself cannot be considered defective; the code generator should have generated
code that did not test for floating-point equality. However, this is an important situation to detect and
therefore HILITE model analysis has been extended so that known inappropriate implementation
(code generation) instances can be factored into model analysis. HiLiTE now generates appropriate
model defect messages for the following:

0 Scenario 1: If the input consists of constant values only, including a 0 value, then the non-
determinism at the output can be mitigated if the code contains a “0” as literal or the
compiler/processor can guarantee no floating point error on assignments. HiLiTE detects this
situation using range analysis and generates appropriate error message.

0 Scenario 2: If the input excludes a 0 value, then the output of typecast is always true. HiLiTE
detects this situation using range analysis and generates appropriate error message.

0 Scenario 3: If the float input to the typecast block is continuously variable or a result of math
operation, the non-determinism at the output is maximum and such defect notification is
provided.

Scenario 1: The range coming into the input of the typecast blockis set up (using relay block) to consist of two point values;
but that is still prone to floating point comparison error (unless pedgree of constantsin object code can be established) and that defect should be identified.

Inputl (f, 0, L) [1] :EE: —[ boolean | o Outputl (b) [1]
typecastFloatToBool1l notl
relayl

(OffValue 0.0 at 30000.0)
(OnValue 1.0 at 31000.0)

Scenario 2: The range coming into the input of the typecast blockis set up to exclude 0;
that implies that output of typecast is always true and this defect should be identified.

Input2 (f, 0, L) [2] :EE: —[ boolean | o Output2 (b) [2]
typecastFloatToBool2 not2
relay2

(OffValue -1.0 at 30000.0)
(OnValue 1.0 at 31000.0)

Scenario 3: The range coming into the input of the typecast blockis unconstained;
but that is still prone to flaoting point comparison error and this defect should be identified.

Input3 (f, 0, L) [3] >0 Output3 (b) [3]
gain typecastFloatToBool3 not3
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Note: this is a bug in the MATLAB RTW code generator that HAM invokes. Until the code
generator is fixed, the best recourse is to not allow this particular conversion in a model, unless
complier and target-platform code verification is done to provide a determinism guarantee. The
HAM team and user groups should be made aware of this. Since it is difficult to detect this situation
in the HAM Compliance Checker, user groups should be made aware to rely on HiLiTE to detect
such situations.

For StateFlow charts, HiLiTE detects overflow condition, unreachable paths, and un-testable conditions
over specification, including:

o Potential for divide-by-zero

e Unreachable states and transitions

e Untreatable conditions for mc/dc coverage

e Over or redundant specification in Truth tables that leads to mc/dc coverage issues in code
o Local data being initialized or written before being read — in all paths

9.3.2.1 Checks for Violations of Design Review Guidelines

Violations of following design guidelines related to models and blocks are detected and reported. These
items are taken from Design Requirements Document (DRD) Inspection Checklist Version 10 used in
Primus EPIC programs.

Filter blocks: For Variable Lag and Variable Washout Filters, are the time constants at least twice
the sample time of the model?

Sgrt block: Are the square root blocks only taking the root of a positive number?

Power block: Are power blocks, when taking an nth even root, only taking the root of a positive
number?

Tan block: For tangent functions, is the range of input angle used is not very near multiples of 7/2
and thus cause high numerical error and potential downstream overflow?

Atan2 block: Atan2 inputs are not both zero?

Asin, Acos blocks: Is input angle in the range of [-1<=angle <=+1]?
Model Outputs: Are two or more model outputs not tied together?

Fader and Switched Fader blocks: (Checklist item 3.14) Are fader blocks only used on continuous
signals (i.e., only signals that change in discrete increments should be input to the fader)?

HiLiTE checks the maximum allowable range at the input(s) of Fader and Switched Fader blocks to
ensure that it comprises only of discrete values. The rationale behind this check is that the
functionality of a fader block is to convert discrete changes in the input to continuous changes at the
output. If the input itself can vary continuously, the behavior of the block cannot be reasoned from
this perspective and the use of the block would be unnecessary. Example scenarios are:
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Fader input range is continuous

[Fader_in ¢, L) [1] > i‘" > FaderWDefect_Out (a) [1]]
4T |-
FaderWDefect
(1 sec)
Fader input range comprises of discrete values
[cF—
constantl
c=double(-10) [
>
c » _‘:\l\'_ » i"' P Fader_Out (a) [2]|
constant2 —I 4Tl
=double(20;
c=double(20) iich Fader
(1 sec)

[Fader_control (b, L) [2]

e Counter Pattern Limits Check: (Checklist item 3.25) Have all counters been limited (i.e.,
avoiding the use of non-limited counters)?

In the initial version of this capability, HiLiTE should analyze combination of blocks for simple
counter patterns that can be with or without "limiter" types of blocks and can contain a reset input
coming into the pattern. Future versions of this capability will detect several other more complex
counter patterns based upon generalized analysis of feedback loops, which is a very difficult
computational problem.

The following are examples of counters for which current version of HiLiTE can detect as being
limited or not:

Example 1: Counter Pattern without Limits Example 2: Resetable Counter Pattern without Limits
c " CountUp_In (b, , L) [2] [uint32 }—p
. Counter_Outl (a) [3]
Typecast
Counter_In +
c=double(1) » Counter2
Counter 17 aceb LessThan (@) [1]
b
1/z e | In
essEq
Delay — Icv
{ic=0} z

C IC InitialValuel
- c=uint32(0)
UnitDelayl

LessEq_Const_b
c=double(9.4) CounterResetl (b, , L) [3]

Example 3: Resetable Counter Pattern with Limits

]

UpperLimit
c=uint32(7)
+ @— Counter_Out (@) [2]
Increment + _
c=uint32(1) min

Counterl

— Icv 4—

IC InitialValue
- c=uint32(0)
UnitDelay

CounterReset (b, , L) [1]
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9.3.3 Model Defect Reporting and Dispositions

HiLiTE Reporting of Model Testability Defects
HiLiTE reports model testability defects in the following places; identical messages are provided in each:

1. Model Status Report: This is the “qualified” output of HILiTE that should be used/reviewed for
formal test generation runs. Defects are reported as “potential testability limitations”. See also
Section 8.3. (note: if the ModelAnalysis command is used, then defects aren’t reported in the
status report, only in the log and model summary report).

2. HiLIiTE Log: Log messages are generated for most model defects; note some defects may not be
reported in the log.

3. Model Summary Report: Defects are reported in XML text format that can be read by scripts that
create automated extraction/summarization of this information for diagnostic purposes.

User Dispositions of Defects and Potential Over Reporting of Defects by HILITE

Model defects reported are for user guidance only to perform further diagnosis in cases where some
requirements could not be tested. Since HiLiTE can sometimes over report models defects, the defects
reported for a block should be ignored by the user if the requirement coverage for that block is complete.
The exception is the following categories of defects which should always be further analyzed by the user:
MAJOR, OVERFLOW, DEAD_OR_DEACTIVATED, FROZEN.

The model must be manually analyzed by the user for these above categories of defects (especially for a
divide-by-zero defect) to ascertain whether it is a real defect or an over reporting by HILIiTE. If it is an
over reporting then the defect report can be disposed off. Additional discussion on this can be found in
Section 8.3.6.

9.3.4 Model Defect Examples
Figure 81 illustrates a model with a possible divide-by-zero defect that is detected by HiLiTE based upon
the analysis of range constraints computed at the denominator input of a divide block.

| [Divide_Murr]

NN
o A S e
|__— D

. |33

Divide1
SUMMATIONT W —
LIt

10 b
[RanaeLimit_In] _/]| -+ Diivide?
-10

+ <

12
- SUMMATIONZ

Figure 81 - Simulink Range Analysis Example: Detecting Divide-by-Zero Possibility

HiLiTE-calculated max possible range

For this model, HiLiTE generates the following messages:

Block divideByZero: Overflow - port divideByZero.O1: data type limits exceeded
propagated operating range has been reduced to allow downstream computations

[ERROR] Block divideByZero: Divide by zero possible since maximum possible range on denominator can not be
determined
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HiLiTE does not warn about Divide2, since its denominator’s maximum range is [2,22].

Figure 82 illustrates an untestable condition.

[ .o B o
nott > T
on
confirmOn

and1 (5.0 sec ON, IC=In) latch

[b 0N 3] » .
= % Ly
[} Bgs Q y oy

sv_thresh_a greaterEq R
c=double(28.5) latch3

x 0)[2]

vy
0
o

[c ®.oND 14

[a ¢ o) 2] > N o
a< g

—p|b not2

[E (f, 0, NL) [1] lessThan >

LD

not3 » P
° a<=b L
[[}——b
and2

low_thresh_a lessEq
c=double(18.0)

Figure 82 - Example of Untestable Condition (mutually exclusive conditions)
HiLIiTE reports that:

Reset Precedence over Set cannot be tested for Block named “latch” because of preceding logic
starting at block “greaterEq”. Both values can’t be True at the same time.

9.4 Generating Output Range Files

You can generate a range file by including the ModelAnalysisDirectives OptionSet with appropriate
option-key values in your command file. HiLiTE will create a range file containing model output names
and their operational ranges. The file also includes information about: HiLiTE version, User ID,
mathematical format for the range value, and any range that was specified in a range file for that output.
The precision (i.e., number of significant digits) of the range min and max values is based on the single or
double precision floating point data type specified in the model or the HiLiTE command file. Figure 78
shows an output range file and some of its columns.

The basic OptionSet information to include in the command file looks like this:

<OptionSet name="'ModelAnalysisDirectives'>
<Option key="GenerateOutputRangeFile'">True</Option>
</OptionSet>

This creates a file named outputRanges_modelname.csv.

You can give a specific name to the file using the outputRangeFi leName option key:

<OptionSet name="ModelAnalysisDirectives'>
<Option key="GenerateOutputRangeFile'>True</Option>
<Option key="OutputRangeFileName''>MyFile.csv</Option>
</OptionSet>

If you do not specify an output range file directory, HiLiTE will create the file in the same directory as
the model. You can specify it to be put in the same directory as the Reports directory containing other
HiLiTE reports by using the outputRangeFi lelnReportsDir option key:
<OptionSet name="ModelAnalysisDirectives'>
<Option key="GenerateOutputRangeFile">True</Option>

<Option key="OutputRangeFilelnReportsDir">True</Option>
</OptionSet>
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The UpdateOutputRangeFilelnPlace option key allows HiLiTE to read an intermediate range file that
contains the outputs of many models, but to update only the values of symbols produced by the model
being processed:
<OptionSet name="ModelAnalysisDirectives'>
<Option key="UpdateOutputRangeFilelnPlace'>True</Option>

<Option key="OutputRangeFileName'>MCP_IntermediateRanges.csv</0Option>
</OptionSet>
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10 HILITE Template Manager

One of the critical inputs to HILIiTE is a set of block and test case definitions that tell HILiTE how a block
in MATLAB must be stimulated to be fully tested and how to determine expected results. The HiLiTE
Template Manager provides the ability to develop and maintain this data for HiLiTE. You can use the
HiLiTE Template Manger to add templates and block definitions or modify existing templates to meet
your needs.

The HILiTE Template Manager is installed with the main HiLiTE application. Installation places an icon
on your Windows desktop.

Starting the Template Manager

To launch the Template Manager, double-click the icon on your desktop
or choose menu option

Start 2>Programs 2 HiLiTE 2 HiLIiTE TemplateManager.

=

HiLITE
TemplateMana
ger

The Template Manager is displayed with a single main window that lists all the supported block types in
a scrollable list on the left.

Closing the Template Manager
When you are done working with the Template Manager, click the in the upper right corner of the
main window.

If you made changes but did not save them, the Template Manager will display a message asking if you
wish to save changes before closing.
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e Click Yes to make changes permanent.
e Click No to ignore changes and close
e Click Cancel to not close the Template Manager.

10.1 Viewing/Editing Information in the Template Manager

All users can view data in the Template Manager. Records are based on Block Types and show basic
block type data along with the testing templates and procedures related to each block type.

What is a Block Type?

Block Type refers to a particular “block” support provided by HiLiTE that represents certain
functionality. A Block Type can support corresponding blocks from one or more block libraries - i.e.
blocks from multiple block libraries can map to the same Block Type and more than one block from a
single block library can map to a Block Type with different block attributes. To determine which HILiTE
Block Type name corresponds with a particular block, refer to the tables in Appendix E.

10.1.1 Viewing a template for a Block Type:

Select a Block Type Name from the list on the left of the main Template Manager display. The Template
Manager displays associated data on the right.

[ HiLiTE Template Manager v7

File  Edit Tools Help

Block Type Name: Blocks/Paorts Read Only Templates Read Only

Switch150 Block Info Details TimerFized Deseription: |HAM specific: ConfimOn, Confim0ft
SwitchCascaded3Pos ‘ | P | P |

SwitchT ransition

>

SwitchU nitD elayF alzeSubSystem Templa’res Add Template Delete Template Template Detail: Gitoup Name Ei:zluig Condition

?;u‘;tlzl"?lfl)nltDelaySuhSystam Templates (2) |Standard v| Addative

I:E:zgg Test Cases  iddTest Cae Delete Test Caze Copy for Cloning

Temninator
TestGroupsdndConditionsSimple

MormalOperation Iblock. izsinloop

All Test cases TimerE kpireH olddndResst

l ! MarmalD perationStarting®t nitialCondition

}EStIG'OUDS.\Q{"SOUIF"S”V‘GMUD TimerE kpiretindR esetw/ithid easurementConstraint InitialConditionT est

Testlmlpofssl ekt Input Glitch just within Boundary of Timer Expriration
estinienace TimerE xpiretindR esetinFeedbackLoop

TestLogic m = 4 L
TestHumeric Initial Condition Test (Input = Confimyal)

TestPaint Selected Test Case Additional Canditions |
TestRobusthess
TestSpecific Stat st ahe Zen Test Case Replication for Multiple Ports |
TestSuppart_Difficult
Test5upport_PropagationE ror
TestSuppart_PropBlacker
TestTemplateLanguage
TestTemplateS equencing
TestTemplProcindStepOder 4
TestTimeStepsSeq
TestTime5tepssegitibslern
TF5CaonstantHold
TF5Constantinputs
Threshold

Timerad|
Timerddi CCC
TimerddiReset
TimerddiReset nittd ode

>

MormalOplnFeedbackloop block.isinloop

0D

<Mo Group Assigned:

(<] |

Output
alid Rationale
All Stens

# Time Input 1 Output 1
Stepz Input Output

|

MNOT[block. Confirm'/al] | Input. start Teset timer
Celling{block. THAx/model. T+ | block. Confirrdy'al MOT(block. Canfirmaal]

block. Confirmy al block. Confirmial O timer expire; output=confim value
O
]

1 step before timer expire

1 block. Confirmy'al block. Confirm/al
NOT[block. Confirrmt/al] | MOT[black.Confirmal]

hald confirm value

2 TR R

teset timer

TimerddiFieset nittode_DelapTn
TimerddiFesetnitade_Subsys_
TimerddiReset nittdode_Subsys_
TimerddiFeset nittode_Subsys_
Timerddji TimeDutput

TimerFixed CCC

TimerFizedw TimeDutput
TransferdfSign
TrangientSuppressw T ustinFilter
TransportLag

Transpose b

Blocks: C:\HILITE\DatalHiliteBlocks.xml Templates: C:\HILITE\DataiHiliteTemplates, xml

Figure 83 - Template Manager Main Window

You can display further details about the block, a template, or a test case. Details are often displayed in a
separate dialog window. You must close the dialog before you can display another dialog. To close any
dialog, click the X in the upper right corner or click the Cancel button.

e To display detailed information about the block, click the Details button next to Block Info. The
Template Manager displays a separate BlockDetails window.

Honeywell Confidential 129 Version 7.8



Section 12 Using the TPI Converter

e To display more information about a template:

— If the Templates label indicates that this block has templates in more than one family, select
the template family from the drop-down list. The example in Figure 83 shows (2) next to the
Templates label, indicating that this block has two templates. (For more information about
template families, see Section 10.2.3)

Click the Template Details button to display a ManageTemplate window. Close this window
when you are done reviewing the information.

o To display test case details, select the test case in the All Test Cases box. The Template Manager
displays steps in the Selected Test Case area at the bottom of the main window. Note that the list
of test cases depends on the group that is selected in the

— Click the Test Case Details button on the right to display a dialog with further test case
details.

— Select a step in the list and click the Step Details button to see more information about the
selected step.

— Click the Show Rgmts button to display any test case requirements in a Requirements Map
to the left of the steps.

The following subsections describe the data available in each detail dialog or display area.

10.1.2 Viewing Block Type Details

In the main Template Manager window, click on Details button to see the details of the Block Type
selected in the list on the left. The BlockDetails window pops up as shown in Figure 84. It shows the
general Block Type data, detailed data for the ports, and the requirements for the Block Type. Port
specifications are shown in a table at the bottom of the window. By clicking “More >>" button on the left
side of the window, additional fields are displayed as shown in Figure 85.

Note that much of the Block Type Details specification is HILiTE internal configuration data and is not
pertinent to HiLiTE user. The user need only pay attention to the information that is relevant to
specification of block type requirements and test cases templates. The information is presented here only
for completeness purposes.

A brief description of all the Block Details fields is presented in Table 4. The description of the Port Type
fields is given in Table 5. (Note: User will need to Click “PortType Details” button in the bottom-right
corner to see all the fields.)

Version 7.8 130 Honeywell Confidential



Viewing/Editing Information in the Template Manager

&8 BlockDetails
P4 4 |44 of 201 | b bl |
Block Type Mame: |TimerFixed | Class Name: |HILITE BasicBlocks. ConfimlSec|  Description: I@
Be et Bressa) Test Requirements [removed if Mame iz emply)
[] Template Mot Fequired Funct | Intfce  Robust | Condition Temp
Template Specified b 1 Al
I Yirtual Elock InitialConditionT est 1 All
Iput Glitch within/at boundary 1 block. TMax > 0 All
TimerHomaldperationStartingdtnitialCond | 1 And[IBlock. | nitD PDrivenBylP., block. Thax > 0] | &l
*

< ] 5
Port Types  addlnu &

Port Mame | [nput | Kind Multiple Ports | Univ Data Type | Lang Indep Riepresentation  Port Behavior @
t v ta n | Langlnde g npLita
Input B [Data “omput FortType
Output mm“ UniverzalB oolean Langlndep Bool MomalCompLtation Detal
Delete
Port Type

Figure 84 - Block Details window for Block Type TimerFixed

£E] BlockDetails
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I Yittual Block InitialConditionT est 1 All
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Figure 85 - Block Details Window with More Information Displayed
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Table 4. Fields in Block Details

Field Description Format
Id unique id (number) the block type AutoNumber
Block Type Name Text ID for block type Text
Check boxes: If checked mean: Yes/No
Do Not Descend - do not hierarchically descend into this block
Template Specified - this block type has a test template
Template Not Required - a template is not required for this block
Is Virtual Block - this is a virtual block (e.g. mux, demux) and
may not require a test template
Cycle Decoupler - this block is a cycle decoupler (e.g. a unit
delay) — one must be present in each cycle
(feedback loop) in a model
Reserved for Future Use: - this block has a code generation template
Has Code Template . . _
) i -Yes implies a persistent object must be
Block is Persistent allocated for this block; all outputs will use
Weak Cycle Breaker this; i.e. no separate variables for any output
Strong Cycle Breaker link or dest. model output
Description Brief description of the block type. Text
Reserved for Future Use:
Required Structural Coverage Test
Case Counts
- Statement
- Decision
- MC/DC
Class Name Name of the class within HiLiTE source code | Text
used for this block type
Special Characteristics Comma-separated list of special block Text
characteristics
Reference Block For block types that come from a library, the | Text
library block referred to
Simulink Mask Type The default Mask Type Text
Simulink Block Type The default Simulink “Block Type” Text
Formula Attributes Block and Port attribute keywords allowed in | Text
requirements or test case template formulae
Block Execute Statement Block Execute Statement Memo
Delayed Execute Statement This statement is applicable when the unit Memo
delay block gets finally executed in the end
Block Object Declaration Denotes the corresponding class that Memo
implements this particular block...
Block Constructor Statement Constructor for the block Memo
Block Attribute Names The standard attributes for this block type Text

Requirements
Name

Functional (Funct)

This table allows you to define (name)
requirements for the block type and add a
condition for it. Make sure the name is
unique and reflects the functionality being
tested.

Name is alpha-
numeric
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Field

Description

Format

Interface (Intfce)
Robustness (Robust)
Condition

Template Family

A requirement can be Functional, Interface,
or Robustness.

1. Funct captures the functional
requirements of a block

2. Intfce captures the Interface requirements
of a block. Applies only to blocks with a
separate function implementation.

3. Robust captures the robustness
requirements of a block

Condition describes an additional condition.
HILIiTE will not consider the requirement in
calculating requirement coverage and will
not report the requirement Untested if the
additional condition is not met for that
requirement.

You can indicate different requirements for
different families. Use the Template Family
column to select the appropriate family for a
requirement in Requirement field. The
default selection is All.

Funct is an integer
(number of times
it's tested)

Enter 1 for
interface or
robustness
requirements or
leave blank for no
requirement.

For Condition,
enter a template
manager language
expression, as
shown in Figure
87.

Table 5. Fields of Port Type

Field Description Format
PortName Name of the Port...used for port identification... | Text
Kind the kind of information passed through the port - | Text
not the same as data type
MultiplePorts If true, this port can support zero - many lines Yes/No
instead of exactly 1
UniversalDataType Defines what data types can be applied to a Text
block’s port instances in a model. (For more
information about UniversalDataType, see
subsection below)
LangindepDataType The specific language independent data type, if | Text
one is required for this block type.
PortBehavior The behavior (typically) of an input port Text
Reserved for Future Use:
Overrideable Indicates that code for this port must support Yes/No
overrides if true
Overridability Indicates whether the port type is overridable, Text
and whether it depends on the block context
MustAllocateVariable A variable must be allocated at this port, either Yes/No
persistent or temporary. Typically for blocks that
are not persistent objects.
DoNotAllocateTempVariable A temp variable must not be allocated at this Yes/No
port. The block must be a persistent object for
this to be checked Yes.
BlockAssignsToVariable This block’s execute statement makes an Yes/No
assignment to any variable allocated to this
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Field Description Format
port, temporary or persistent
OutputValueTemplate template string that denotes the output value
(usually an expression) for an output port.
AllocatePersistentVariable Whether to allocate a persistent variable...
ShortCircuit If true, this port can be a short circuiting port (if Yes/No

it is an input port) or can show the effects of a
short circuit (if it is an output port)

About UniversalDataType Specification

The UniversalDataType gives the type definitions without specific bits representation (magnitude,
precision) on the target. The UniversalDataTypes are represented as a hierarchy of sets as shown in
Figure 86. TA Type higher in the hierarch6y is a superset of the lower types. For example, a Universal-
Number can be either a Universallnteger or Universal Real. Note that the actual data types applied to the
ports of a specific block instance is specified in the MATLAB model. The UniversalDataType
specification in Block Details is just a compatibility check with the type in the model. For example, a type
definition of UniversalNumber in the Details window is compatible with both data types Universallnteger
and UniversalReal for a block instance. Earlier model compliance checks should have already established
the correctness of the type in the model, so the compatibility check by HILiTE is not mandatory.

UniversalAnyType
UniversalBoolean UniversalNumber
Universallnteger UniversalReal

Figure 86. Unverisal DataType Sets Hierarchy
10.1.3 Viewing Block Requirements

The requirements for a block can be categorized as Functional, Interface, or Robustness requirements, as
described in detail in Section 0.

HILIiTE provides a capability for users to view/modify the Requirements table for a block within the
Block Details window, as shown in Figure 87. (To see the Requirements table: in Template Manager,
select a Block Type on left and click on Details button.)
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Test Requirements [removed if Mame iz empty]

Mame Funct | Intfce  Robust  Condition TemplateF amily Untestability
3 Tirer Mormal O peration 1
InitialConditionT est 1 All v
Input Glitch within/at boundary 1 block. Thde » O All v
TimerM ormaldperationStarting&t nitialCond | 1 And[IBlock. InitOPDrivenBylP, block. ThAX > 0] | All L
* w

Figure 87 - Requirements Table within Block Details Window

10.1.4 Viewing Template Details

When you click the Manage Template button, the Template Manager displays a dialog that gives basic
template information (name, block type, rationale), shows test case/group relationships, and displays

group conditions.

Manage Template “Standard®

EEX

Template

Farnily: |Standard v| Fationale:
ID: Black Type: 133

Test Cazes and Groups

Test cases for group "NormalOperation™

(® Show Test Cases for Selected Group Group Mame First in Graup =~ Condition ﬁ
() Show all Test Cases 4 Marmnal0peration Iblack.isinloop
MarmalDplnFeedbackLoop .| black. izsinloop
InitialConditionT est
* ]

TimerE spireHolddindR eset
TimerE xpirefsndResefsfithi easurementConstraint

(2]l o] e

Remove

Test Cases with no Yalid Group Association

Mormal 0 per ationS tartingd nitialC ondition
Input Glitch just within Boundary of Timer Espriration

[ Ok ] ’ Cancel

Figure 88 - Manage Template Dialog

Table 6. Fields in Manage Template

Field Description Format/Comments
ID unigue identifier for the template AutoNumber
Block Type numeric identifier for the block type Number.
Name Name of template Text
Rationale Description of the template procedure | Use this field to tell why the
or of a specific step. procedure or step is important.

Test Cases and Groups
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Field

Description

Format/Comments

Show Test Cases for
Selected Group

When this button is clicked, you will
see a table of groups and conditions
on the right as well as the test case
lists below.

Option button

Show all Test Cases

When this button is clicked, the
groups and conditions table is not
visible. The test case lists show the
names of all test cases.

Option button

Groups and Conditions t

able

Group Name

Descriptive identification of a group.
Test cases in a group can share
common conditions.

Group names are alphanumeric
strings (without punctuation)

If you name a group that is not
applied in the Group column for any
procedure, HIiLITE will ignore it.

First in Group

Test cases in a group can be
alternates. If First in Group is
checked, HILITE will run test cases
from the group until one test case
passes, then ignore the remaining
cases.

Check/uncheck

Condition

Boolean expression that describes
the condition under which test cases
in this group should be executed. If
the condition is true, HILITE will
perform the test case steps. Alternate
test cases can cover the context for a
specific instance of this block in a
model.

Expression. See Template Language

Test Case Lists

Test cases for group
“name”/

All Test Cases

When the first option button is
selected (default), this box lists all the
test cases assigned to the selected
group.

When Show all Test Cases is
selected, this box lists all test cases
that are assigned to any group.

Text. List of test case names.

Test Cases with no Valid

This box lists all test cases that are

Group Association

not assigned to any group.

Text. List of test case names.

10.1.5 Viewing Test Case Details

Test cases are often assigned to a group that gathers related cases together. The table in the upper right of
the main display shows whether a template has groups and the conditions that define each group.

o Toseea list of all test cases for a template, click the <All test cases> row in the table in the upper
right of the main display. The list is displayed in the Test Cases box.

e Tosee a list of test cases assigned to a specific group, click the row for that Group Name. The test
cases are listed in the Test Cases box.
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e To view details of a specific test case, select its name in the Test Cases box, then click the Test
Case Details button. The steps that make up the test case procedure are displayed in the Selected
Test Case Steps table at the bottom of the display.

Test Case “Single False™

ick: E07

Test Caze Mame:

Auto Adjust Input Values

template |d: 186
Single Falze

[] Dont Merge with Other Test Cazes

Check Untestable Condition

Structural Coverage Statement Decision ME/DL
Count S atisfied 1 1 1
R ationale: walk a0 thru each input while others are 1
[ OF. l l Cancel
Figure 89 - Test Case Details Dialog
Table 7. Fields in Test Case Details
Field Description Format
Id unique identifier (number) of this test case Autonumber
template Id unique identifier (number) of the template to | Autonumber
which this test case belongs
Test Case Name Descriptive name for this test case Text
AutoAdjustinputValues | Not required for most test cases. If this check/uncheck
option is checked, it indicates that HiLiTE
can auto-adjust (change) an input value in
the test case to be within the max allowable
range constraints (if any) of that input on the
specific block instance in the model.
Acceptable usage for many primitive Math
blocks but do not use for blocks with more
complex functionality. Check this flag only
after a careful review of the test case.
Don’t Merge With Checked indicates that this test case check/uncheck
Other Test Cases shouldn't be merged with any other test case
Check Untestable Checked indicates that this template check/uncheck
Condition procedure can have an un-testable condition
Future Usage Number
Structural Coverage
Count Satisfied
Statement
Decision
MC/DC
Rationale Description of the Procedure (Test Case) Text.
This is displayed in the report file.
comment about rationale/assumptions/-
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Field Description Format

limitations of this procedure and its step
values

10.1.6 Viewing Test Case Steps

To see a list of all the steps in a test case procedure, select the appropriate template and test case. The
Template Manager displays a row for each step in the table at the bottom of the display. View details for
each step by selecting its row and clicking the Step Details button on the right.

Note that the number of columns in a step table varies, depending on the number of ports in the block
type description.

Selected Test Case Additional Conditions | |

[[] Stat&tAbsZem  Test Case Replication for Multiple Ports | | gaezi_t?
Detailz
gt;ljrge |1nI3Ul lﬂﬁ.llgﬂiput 1Dulpul \D-"‘;:Ilisut R ationale Step
Inout Outout Al Steps Dretailz
b e[zl op.min, model. T<) |0 O latch iz zet, timer iritialized
2 Round(Timearlnput. start/model. T <) 1 b e[zl op.min, model. T<) |0 O ohe cyle before timer expires gzsnt?ls
3 1 0 b e[zl op.min, model. T<) |0 O latch iz zet, timer iritialized I
4 Round(Timerlnput. start/model. Te] + 1 |1 b &zl op.min, model. T2] |1 | timer expires Rows
5 1 0 t & zelf. op.min, model. T<) |0 O tiner dizabled, latch is zet

EE

Inzert
Flow
Delete
Flony
Copy
Flow
Paste
Flony
Figure 90 - Selected Test Case Details and Step Table
Selected Test Case Additional Conditians |!|nput2.A||c.w.|sPt
[] Start At &bs Zero Test Case Replication for Multiple Ports |
. Iput 1 (LT |tput 2 [GET Outpuit 1 COutput % alid .
g't'zs Inputl Input |mput2 |npLt2 Clutput All Steps Riationale
2 9 zelf.op.max |self.allow.ma:-:|Input2.AIIow.Min |Input1.8taltMin - self.op.mdyd | block.getoutput| F |

Figure 91 - Selected Test Case Details with min and max values for Inputs

Double-click on the Input cell. A dialog window pops up where you can enter the minimum and
mgximum values for input port. You can enter a point value in the first text box and an entire range in the
2" text box.
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zelf. op.manw

[nput kA
zelf. allow. max

Escluded Walues

[ )4 ] [ Cancel ]

Figure 92 - Input dialog box
Table 8. Selected Test Case Fields and Step Table

Field Description Format
Additional Conditions | These conditions must be satisfied to Boolean expression — see
execute the test case. Template Formula Language.

A formula that can be evaluated to
determine if this test case should be
used. The result of this condition is
ANDed with the result of evaluating
conditions for the group this test case
belongs to.

Start At Abs Zero

When enabled, indicates that this test check/uncheck
case needs to start at the “absolute zero”
time step —i.e., the
modelname_initialize() function must be
called before the first step of this test
case. Note that this does not imply
initialization of the model inputs.

Test Case
Replication for
Multiple Ports

A formula that is used to generate a class | Expression
of test cases from one test case template
(with new keyword such as foreach and
combination)

# Time Steps A time step is one step (frame) of value (number) or expression (see
execution of the model. For a model with | Template Language)
a rate of 10 Hz, there are 10 time steps
per second, each of .1 second duration.

Input Describes the input for the named port. value (number) or expression (see
The table will include a column for each Template Language)
input port defined for the block type.
Inputs can be Input and MaxInput

Output Describes the output for the named port. value (number) or expression (see

The table will include a column for each Template Language)
output port defined for the block type.
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Field Description Format

Output Valid All Steps | If true, the value of output remains the check/uncheck
same through all the steps specified in “#
Time Steps” column. If false, the value is
valid only for the last step of the “# Time

Steps”; it is don’t care for previous steps.

Rationale Text description of this test step Text

Step Details

id: = |

Dependent Overide: [

Special Yector Type: | |

Short Circuit: ]

R ationale: latzh iz zet, timer initialized

[ OF. ] [ Cancel

Figure 93 - Step Details Dialog

Table 9. Fields in Step Details

Field Description Format
Id Unique identifier (number ) for this test step Autonumber
Rationale Text description of this test step Text

For Future use:

check/uncheck

check/uncheck

10.1.7 Mapping Test Cases to Block Requirements

A test case can be mapped to one or more requirements of a block, implying that this test case tests all
those requirements sufficiently. You can also map alternative test cases to the same requirement to
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improve requirements coverage, since alternative test cases can address different conditions and contexts
for the instances of a Block Type in various models.

In Figure 94, the selected test case is mapped to a single requirement: “a > b”. Similarly, other test cases
are mapped to corresponding requirements.

Test Cases |add Test Case | [ Delete Test Case | [ Copyfor Cloring_| {45 AMDYBlack.|shBoolComparater, Inl Allow.Mas > In2 Allw. Min]
All Test cases A zing & Normal B ange Max | -
B Nomal Range Min A<B AND['Block. lsltBoolComparatar, In1 Allow.Min < In2.8low. M ax]
A > B, Using & & B Noimal Range Max A==B |Block. |sltFloatConmparator
A» B, Using & & B Nomal Range Min
&< B, Using B Mormal Range Max A™=B Bool Block. |sItB oolCarmparator
A < B, Using & Normal Range Min b " — wA
Selected Test Case Additional Conditions 1] nput2 Allave|sPt —
[] Start At AbsZero  Test Case Replication for Multiple Ports Caze
D etails
?ime Input 1 [GERS Input 2 Maw Output 1 Output W alid Rationale IREEATEmEF VD Step
Siens Input1 | Input? | Input? Input2 Output | All Steps
F 1 self.op.max self. allow. max | Input2 Allow. Min Input] . StartMin - sell.op.mdvd | block. getoutput [} [Jacb
[Ja==b Show
[Ja~=b Rgmts

Figure 94 - Mapping a test case to requirements

1. Click the Show Rgmts button to see how requirements are mapped.
2. If you want to change the mappings, check or uncheck the box next to each map you want to
change.

Many-to-many mapping from test cases to requirements. A test case can be mapped to more than one
requirement which implies that the test case satisfies all those requirements. When the test case is
generated, one count of each of the mapped requirements is satisfied and counted in the computation of
requirements coverage. Conversely, a requirement can be mapped to from more than one test case, which
implies that if any one of those test cases is generated, the requirement is satisfied.

10.2 Adding and Changing Block Requirements and Templates

If you are authorized to change data in the Template Manager, use the Read Only fields in the upper right
corner of the Template Manager main window.

Elocks/Ports Bead Only Templates Read Only
Figure 95 - Checkboxes to make Template Manager read only
Blocks/Ports Read Only: Un-checking this field allows changes to all Block Type details, including
addition and detection of blocks. Only HIiLiTE developers are authorized to do this.
Templates Read Only: Un-checking this field allows changes Block Type Requirements and Templates.
10.2.1 Adding/Changing Block Requirements

The test requirements for a block can be categorized as Functional, Interface, or Robustness requirements,
as described in detail in Section 0

HiLiTE provides a capability for users to view/modify the Requirements table for a block within the
Block Details window, as described in Section 10.1.2.

Authorized users can add new requirements or edit the existing requirements. Note that the users are not
allowed to edit any information in Block Details other than the Requirements.
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Test Requirements [removed if Mame iz emphy]
Mame Funct Intfce | Robust | Condition | TemplateF amily |Inteztability
g m Imput. Caunt CCC w
bl & Lk Input. Count CCC w
&I ax 1 CCcC v
Al i 1 CCC w
Sumlperation | 2 Standard w
* L

Figure 96 - Editing block test requirements
Each row in Figure 96 represents a requirement of the Block Type.
Requirement Columns.

e Name: the name of the requirement

e Funct | Intfce | Robust: Only one of these columns can have a value for a particular requirement.
The value is a number that denotes that the named requirement is of the type (Functional,
Interface, or Robustness) and has a count denoted by the value. The count is usually “1” for most
requirements except for certain requirements of blocks that have a variable number of ports (e.g.
an AND block) and there is a requirement for every port. In these cases, an expression of the form
“PortName.Count” can be used in a column, where Count is a supported keyword.

e Cond: This is short for Condition. It is a Boolean expression that can use any operators or
keywords of the Template Formula Language (see Section 10.6). If a Condition is present on a
requirement, this requirement exists only for those block instances (of this Block Type) for which
the Condition evaluates to true. This is useful when a single Block Type denotes blocks with
different types, as shown in the example of Figure 96. For many block’s requirements, this
column is left blank; i.e. no condition exists for this requirement.

Modifying a requirement: Any column can be edited as described above.

Adding a requirement: Use the scrollbar on the right of the Requirements table to show the bottom-most
row with a “*” on left. Start typing in the Name column and a new row will be created. Add the data in
other columns appropriately. Then, select any other row in requirement window and close the requirement
window.

Deleting a requirement: Select the text in the Name column and delete it. The requirement will be
deleted when the Block Details window is closed.

Exiting Requirements Table: Close the Block Details window. Your changes to the requirement will be
retained within the Template Manager. You must save these changes to an appropriate when exiting the
Template Manager.

Important Note: When adding a requirement, select a requirement row other than one you have added,
before closing the Block Detail window. Otherwise, the newly added requirement will not be remembered
by the Template Manager.

10.2.2 Adding/Changing Templates

Authorized users can create new templates or change or delete existing templates. They can change
existing templates by adding, deleting or modifying Template Details, Groups, Test Cases, or Test Case
Steps.
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A complete template consists of basic template information such as name and groups, the test case or
cases to be run, and the steps for each test case. Most blocks will be associated with only one test
template.

To create a new template for a block:

1.
2.

O N o O

10.
11.
12.

Make sure the box next to Templates Read Only is unchecked.

From the Block Type Name list, select the block type to which you wish to add a template. The
Template Manager displays data on the right.

Click the Add Template button. The Template Manager displays a confirmation message.
Click yes. The Template Manager displays the TemplateDetails dialog.

New Template

ID: Block Type: (139
Famil: 7BTFC_A v
R ationale:
[] Addative
[ )4 ] [ Cancel

Figure 97 - Template Details Dialog
Enter a template Name and Rationale.
From the Family drop-down select the template family you are adding to.
Click OK to save the information and close the dialog.
Create a test case.

a. Click the Add Test Case button. Template Manager displays a confirmation message; click
Yes to display the Test Case Details dialog.

b. Complete all fields for which you have information. For information about completing fields,
refer to Table 7.

c. Close the dialog when you are done.
Add one or more steps to the test case.

a. Click the Insert Row button on the right side of the Selected Test Case steps table. Template
Manager adds a row to the table. Complete fields in the row. (For descriptions of the fields,
refer to Table 8.)

b. Create and complete one row for each procedure step.
Choose menu option File = Save to save your work.
Repeat Steps 5 through 10 as needed.

If the test cases should be grouped according to defined conditions, create the groups and assign
test cases to them using instruction in Section 10.2.4, Creating Groups and Conditions.
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10.2.3 Supporting Alternate Template Familes

HIiLIiTE lets you maintain multiple “Families” of templates on a block-by-block basis. Different
requirements can be given to test cases in different families. Use a template family to select the
appropriate family for a requirement in Requirement field. The following Template Families are allowed:

o Standard Template Family: This represents the test case templates that are common to various
programs. The name of the Standard template (in Template Manager) is typically the name of the
block or just “Standard.”

e Program-Specific Template Families If, for a particular block, a certain program finds the
Standard test case template inadequate, then an alternative template can be specified for that
block. This alternative template must have one of the following names in the Template Manager
GUI (the name of the template identifies the family): CCC, 787FC, 787FC_RIx, 787FC_SF,
A350, UserDef_A, UserDef B, UserDef C.

Example:

Templa’res Delete Template ] [ tana

emplates [21 | Standard 3
st Cases (¢

—

Figure 98 - Templates drop-down

Figure 98shows that the block has two templates: Standard and CCC. It means that HiLiTE
supports two sets of templates for this block.

Running HIiLIiTE with a particular template family:

By default, HIiLiTE uses the Standard templates when generating tests for a model. If you want to use a
different template family, specify the name of the family with this option in the Command file:
<OptionSet name=""TestGenDirectives'>

<Option key="UseAlternateTemplatel fPresent>CCC</Option>
</OptionSet>

If a template family is specified, HiLiTE uses the template of the specified family for a particular block. If
no family-specific template is provided for a block, then HiLiTE uses the Standard template for that
block. (Note: the Standard template can be identified by its name being a string other than the set of
family names listed above. The HiLiTE Status Report will indicate which family was used.).

Capturing block requirements specific to a template family:

HiLiTE supports mapping requirements for the test cases to different template families. Select the
template family in the TemplateFamily drop down for the test case. The default is “All,” meaning the test
case will apply to every template family.

Example:

Test Requirements [removed if Mame iz emphy]

M arme Funct | Intfce  Robust  Conditian /T emplateFami [rtestability
3 1 Al v
b &l Fipt 1 w
Ot of range input 1 CCC L
»

Figure 99 - Selecting TemplateFamily test case requirement
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In the above example:

e Requirement “Minlnput” is applicable to all template families.
o Requirement “Out of range input” is applicable only to the CCC family.

10.2.4 Creating Groups and Conditions

Creating groups of similar test cases will test similar functionality of a block. These test cases can be in
"FirstinGroup or not" based on your requirements. For examples of groupings, examine the details of the
ArcTan2 and Product block type templates.

To create a group:
1. Display the template to which the group will belong and click the Manage Template button.

2. Make sure the option Show Test Cases for Selected Group is selected and a table with columns
for Name, First in Group and Condition appears on the right.

In an empty row (indicated with an *), type a group name in the first column.

If a test will be complete with the first successful test case,check the First in Group indicator and
enter an expression in the Condition column.

See Section 10.6, Template Formula Language for information about writing condition
expressions.

5. Assign test cases to the group:
a. Make sure the row for the group is selected.

b. Inthe list Test Cases with no Valid Group Association, highlight a test case that you want
to add to the group.

c. Click the left-point Add arrow. Template Manager moves the test case into the list Test cases
for group “groupname”

d. If you add a test case by mistake, select it in the left hand list and click the Remove arrow to
move it back to Test Cases with no Valid Group Association.

e. Repeat Steps b and c for each test case that should belong to the group.
6. When you are done, click OK to make the changes permanent and close the dialog.

10.2.5 Modifying Templates

You can change any aspect of an existing template simply by selecting the template, opening, the
appropriate dialog or selecting an appropriate field, and typing new information. For templates that have
been in use for awhile, the most likely changes will include:

e Adding test cases

e Adding, rearranging, or changing steps in existing test cases
¢ Organizing the test cases into different groups
When you are ready to make changes to a template:
1. Click the box next to Templates Read Only to remove the check mark.
2. Select the block type for the template you wish to change.

3. Select the item you wish to change and follow the instructions given in the appropriate procedure
below.
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4. When you have made all changes, choose menu option File = Save to make all changes
permanent. If you do not save changes, Template Manager will prompt you to do so when you
select a different block type or when you close the application.

10.2.6 Adding Test Cases
Each template can include any number of test cases.

To add a new test case:

1. Display the template to which it will belong.
2. Click the Add Test Case button. The Template Manager displays a confirmation message.
3. Click Yes. The Template Manager displays the New Test Case dialog.

Mew Test Case E] [E| E|

template 1d: 238
Test Caze Mame:

Auto Adjust Input Yalues [ Dont Merge %ith Other Test Cases [ | Check Untestable Condition

Structural Coverage Statement Decision ML/DL
Count 5 atigfied
R ationale:
[ 2k, ] [ Cancel ]

Figure 100 - New Test Case Window
4. Enter a Test Case Name and Rationale. Complete all other fields for which you have data.

5. Click OK to close the dialog. The data will be saved the next time you save the Template
Manager file.

10.2.7 Deleting Test Cases
You can remove test cases from a template.
To delete a test case:
1. Display the template to which the test case belongs.

2. From the Test Case list, select the test case you wish to delete. You may wish to display its details
(click the Test Case Details button) to verify that you are deleting the correct test case.

Click the Delete Test Case button. The Template Manager displays a confirmation message.

Click Yes. The Template Manager removes the test case from the list. This change will become
permanent the next time you save the Template Manager file.

10.2.8 Changing Test Cases

You can change the details (basic description) of a test case. You can also add, change, delete and reorder
the steps for a test case procedure.
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To change details of an existing test case:

1. Select its name from the list for the appropriate template. If the test case you want to change is
not listed, make sure that you have selected either All Groups or the correct name of the group to
which it belongs.

2. Click the Test Case Details button to display detail fields.
3. Type over or delete information in the fields you want to change.
4. Close the dialog.
To make changes to the steps for the test case, follow the instructions for one of the following procedures.

10.2.9 Adding Steps to Test Cases

You can add new steps either by inserting a blank row and completing the row or by copying and pasting
and existing row, then changing the data as needed.

To copy and paste a new row:

1. Select the test case name from the list for the appropriate template. If the test case you want to
change is not listed, make sure that you have selected either All Groups or the correct name of the
group to which it belongs.

In the Selected Test Case area of the display, select the row you want to copy.

Click the Copy Row button. (no reaction from interface)

Click the Paste Row button. Template Manager pastes the row above the copied row.
Make changes to the row as needed. Table 8 describes the fields.

o gk~ N

Click the Step Details button and make changes to the Step Details dialog as needed. Table 9
describes the fields.

7. Choose menu option File = Save to permanently save your changes,.
To add new steps to a test case:

1. Select the test case name from the list for the appropriate template. If the test case you want to
change is not listed, make sure that you have selected either All Groups or the correct name of the
group to which it belongs.

In the Selected Test Case area of the display, select the row after the step you want to add.

Click the Insert Row button, Template Manager displays a new row above the current row. The
new row has a colored background (you can select this color in your preferences).

Complete information in the row. Table 8 describes the appropriate information for each column.

Save the row (choose File>Save. Note that the background color may not return to white even
though the changes are saved).

6. Select the new row and click the Step Details button to display the Step Details dialog. Complete
the Step Details data. Table 9 describes the appropriate information for each field.

Click OK to close the dialog.
To permanently save your changes, choose menu option File>Save.

Honeywell Confidential 147 Version 7.8



Section 12 Using the TPI Converter

10.2.10 Deleting Steps in a Test Case

To delete steps from a test case:

1.

Select the test case name from the list for the appropriate template. If the test case you want to
change is not listed, make sure that you have selected either All Groups or the correct name of the
group to which it belongs.

In the Selected Test Case area of the display, select the row you want to remove.
Click the Delete Row button. Template Manager removes the row from the table.
To permanently save your changes, choose menu option File>Save.

10.2.11 Reordering Steps in a Test Case

You can change the order in which test case steps occur.

To change step order:

1.

Select the test case name from the list for the appropriate template. If the test case you want to
change is not listed, make sure that you have selected either All Groups or the correct name of the
group to which it belongs.

In the Selected Test Case area of the display, select the row you want to move.

Click the button for the direction you want to move the row (1 or ). . Template Manager moves
the row in that direction.

Repeat Step 3 until the row is in the proper position.
Follow Steps 3 and 4 for each row you want to move.
To permanently save your changes, choose menu option File = Save.

10.2.12 Changing Group Relations (assigning test cases to groups)

HiLIiTE runs test cases in defined groups. The groups and the conditions that define them are created as
part of the initial template creation using the Manage Template dialog (Figure 88). You can change the
group to which a test case belongs by disassociating it from its current group and associating it with a
different group. If a test case is not associated with any group, you can give it an association.

To change test case/group relations:

1.

2
3.
4.
5

9.

Select and display the appropriate template.

Click the Manage Templates button to display the Manage Templates dialog.

Select the group to which the test case you want to change currently belongs.

Find and select the test case name in the Test cases for group “name” list box on the left.

Click the Remove/right-pointing arrow button. Template Manager moves the test case name to
the list for Test Cases with no Valid Group Association.

Select the group to which you want to assign the test case.
Select the test case name from the Test Cases with no Valid Group Association list.

Click the Add/left-pointing arrow button. Template Manager moves the test case to the Test cases
for group “name” list box on the left.

Click OK to close the dialog.

10. Save your changes.
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10.4

Tips for Creating Test Cases

Tips for Creating Test Cases

Design test cases such that each test case is independent. The output of a test case should not
depend on the previous test case.

Use the keyword “<portname>.previous” only if the value set at that port in the immediately
previous step is not don’t care (X). .

Use block.getoutput() only if it is supported and inputs are not Don'tcare (X).

If you select "Start At Abs Zero" or "Auto Adjust Input values,” ensure that these selections are
exactly the intention of the test case design. (By default, these check boxes are unchecked.)

Allowed values for Boolean data type in templates are: 0, 1, X, self.op.min, self.op.max,

self. Allow.min, or self.Allow.max. Arithmetic expressions such as “self.op.min + self.op.mdvd”
and “self.op.max — self.op.mdvd” are not allowed. mdvd should never be used on Boolean data
types. (For information about the template formula language, see Section 10.6)

In a group that includes a FirstinGroup condition for its test cases, an additonal condition may not
be required if you are certain that at least one test case from the group will be generated.

Application Menus

The following subsections describe the menu options available in the Template Manager interface.

10.4.1 File Menu
The File menu includes four options.

Open

Save

Dialog box lets you redisplay the default
blocks and template data (XML) files or
browse for a different copy/version.

Makes any changes you've made
permanent in the open version of the data
files.

Save as Dialog box lets you save the changes to

Export

Import

Exit

blocks and templates data to XML files
with a different name than the open one.

Dialog box lets you export template or test
case of any block

Dialog box lets you import template or test
case of any block

Closes the Template Manager. If you have
not saved changes, it will display a
message asking if you wish to do so.

Open and Save As Dialog Box

The Open and Save As options allow a user to manage their changes to blocks and templates data and
save them in specifically named files that can be later loaded by HiLiTE instead of the standard blocks
and templates xml files supplied with a HiLiTE release. Both these options use the same dialog box that
the user can use to open and save specific files, as shown in Figure 101.
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FilenameAsk

Blocks
G Coment D HonepwelWHil T E-SW N D evelopment B350 ataHilteBlocks <mi

3 Default DA HorewwelNHILITE -SYHADevelopment. b4 atatHiliteBlock . 4ml
) Browse
Templatez

%) CurrentD:vHonepweSHILITE -SYHADevelopment b24D atatHilite T emplates. sl
{71 DefaultD:\HonepwelSHILITE-5YMNA\Development_b240 ata'HiliteT emplates. xml

) Browse

Cancel ] [ k.

Figure 101 - Dialog Box for Open and Save As

Note that there are two parts to the blocks and templates data — contained in separate xml files. The
Blocks part of the data contains the Block Type specifications and details, including block requirements.
The Templates part of the data is contains all template specifications, including mapping of test cases to
block requirements. In this dialog, the user can choose the Current or Default option or Browse to a

specific filename.

Export and Import Dialog Box
Template manager has option to export/Import a test case/template. This option is useful while merging
the changes done by multiple people into a single database file.

Bl HiLiTE Template Manager
File | Edit Toals Help

Open
Save ~ | Block Inf

Save as ., k

Lo ate

| (Expu:urt 3 m Template
ez [1

TrEEEr“F——— Test Case
Exit TTresSTL.dS

CECT T Ol Teet mazeme

Figure 102 - Dialog Box for Export and Import

Template can be exported by selecting any block and select option File -> Export -> Template. Similarly,
test case can be exported by selecting any test case of any block and select option File -> Export -> Test
case. Save the exported file in any location. The exported files will be in xml format.

Exported template or test case can be imported by selecting option File -> Import. Browse to the path
where exported xml files are present and select the xml files. Template or test case will be imported to the

same block type.
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10.4.2 Edit Menu
The Edit menu includes two options: Settings and Revisions.

Settings

Use the Edit - Settings option to display a dialog where you can set some default behaviors of the
Template Manager to suit your needs.

To use the dialog, make new selections in any fields, then click OK. To make the changes permanent,
choose the menu option File > Save.

Settings g@@

XML Files [HILITE_HOME Relative]

Blocks #hL File 0 atatHiliteB lock s «ml

Templates #ML File | DatatHiliteT emplates. wml [Z]

Test Case View

Wiap Cellz at |15 % | charz (0 = no wrap)
[] Wrap Ratiohale Column
Remember Column Wwidths When Resized [usze az minimum]

[ Clear Calurin *#idth Memary l

[ CelModiiedColor |

Figure 103 - Settings dialog box

Fields in the XML Files section of this dialog show where the data files that the Template Manager reads
currently reside. If your default XML files are in a different location, click the browse [..] button to
display an Open dialog and browse to that location.

Fields under Test Case View let you customize some settings in the Selected Test Case area of the
display.
e To have cells in the step table wrap differently, use the up and down arrows at the end of the

Worap Cells field to change the number of characters to show on each line. If you select 0, the
cell will not wrap.

o Select/deselect Wrap Rationale Column to change the behavior of just that column.

e Select Remember Column Widths... for the Template Manager to use the column widths you set
in the table as minimum widths. (To set the widths in the table, let the cursor hover over a column
border. When it changes to a two-headed arrow, drag left or right.)

e Click Clear Column Width Memory to set all columns back to the size you entered in Wrap
Cells.

e Cell Modified Color shows the color that Template Manager uses to indicate when you’ve
changed the contents of a table cell (or inserted a row). Click this button to display a color chart
from which you can select a different color.

Revisions

Use the Edit = Revisions option to see which version of the Template Manager and Family Templates
you are using, as shown in the left part of Figure 104. The Base Revision for a template family is the
revision for that family as released in the HIiLiTE release. If you (or another user with access to your
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copy) have made changes to specfic templates, increment the User Revision number appropriately. Note
that you can only increment the revision number when Templates Read Only is not checked. If you are in
read-only mode, you will not see the options for reseting or incrementing the revision numbers (see
example on right in Figure 104)

Template Family Revisions |'._| |E|fg| Template Family Revisions |'-_| |'E|rz|
HILiTE Release Templates Version |7 4.0.0 HILiTE Release Templates Version |750.0
Family Mame Base Revision User Revision Family Mame Base Revigion User Revision
CCC 2 2 CCC 3 3
TEFFC_A i i TEFFC_A a i
TEFFC_SF a a FEFFC_SF i i
FEFFC_RIx i i TEFFC_Rlx a a
4350 a i 4350 a i
UsgerDef A 0 0 UsgerDef A 0 0
UzeDef B 0 0 UserDef B 0 0
UzeDef C i i UzerDef C a i
ToolTest] i i ToolTest] a a
ToolTest2 a a ToolTest2 a a
Urésesigned 0 0 Undzsigned 0 0
[ Reset User Rewvision to Base ] ’ Increment Selected User Revision ]
Mote: & Uzer Rewvision na, higher than Base Rewision Mote: & Uzer Rewvision no. higher than Base Rewision
denotes that uzer has modified that kemplate familp . denates that uzer haz modified that kemplate family . [ Ok ] [ Cancel ]

Figure 104 - Template Family Revisions dialog
10.4.3 Tools Menu
The tools menu has two options

Block Types W/O templates
Check Formulas

10.4.4 Help Menu

The Help menu includes two options

Contents Displays the help file and its table of
contents
About Version information about your copy of the

Template Manager.

10.5 Managing Configuration of Changes to Blocks and Templates

As noted earlier, one type of HiLiTE input data that users can control is the blocks and templates
specification given as XML files. Using the methods described above, the user can modify and save this
data in new files. This section describes the procedures for reviewing the modified data and using the
modified data when executing HiLiTE.

Note: The process of using modified blocks and templates data, as described here, is supported by a
qualified version of HILiTE. No other changes to the tool configuration data by the user are permitted.
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10.5.1 Using Modified Blocks and Templates Data when running HIiLITE

Using the capabilities described in Sections 10.2 Adding and Changing Block Requirements and
Templates and 10.3 Tips for Creating Test Cases, you can modify the block and template data and save
the changes in new files.

By default, HILiTE will use the standard version of the blocks and templates data supplied with HILiTE
release. In order to provide HiLiTE a user’s version of the blocks and templates data, the <BlockDBFile>
and <TemplateDBFile> elements in the HiLiTE command file must be used.

Figure 105 shows an example of specification of user-modified versions of blocks and templates data in a
command file

<?xml version="1.0"?>

<HiLiTEParameters>
<HILITEMgmt pauseOnCompletion="no" />
<ProjectPath>.</ProjectPath>

<Extension>HAM</Extension>
<BlockDBFile>HiliteBlocks_mine.xml</BlockDBFile>
<TemplateDBFile>HiliteTemplates_mine.xml</TemplateDBFile>

<Command name="TestGen'>

</Command>
</HiLiTEParameters>

Figure 105 - User specification of blocks and templates data in HILIiTE Command File

The value of the XML element <BlockDBFile> or <TemplateDBFile> is the name of the corresponding
XML file. The following kinds of filenames are supported:

o Filename relative to the ProjectPath directory, e.g. as shown in Figure 105.

o Filename that specifies a full absolute path; e.qg.:
D:\MyProject\HiliteBlocks_mine.xml
¢ Filename that starts with an environment variable. E.qg., the following specifies a file in the
HiLiTE_HOME directory structure:
%HILITE_ HOME%\Data\HiliteBlocks_mine.xml

HILITE lists the user-specified files in the modelname_StatusReport.htm file, as shown in Figure 106.

Test Generation Summary

HiLiTE Released Templates Version: 7.6.0.0; Template Family Revision: Standard=9
Template Family Used: Standard

User Specified Blocks and Templates files were used
Blocks: d:\TestGeneration\Examples\HiliteBlocks_mine.xml
Templates: d:\TestGeneration\Examples\HiliteTemplates_mine.xml

Figure 106 - Model Status Report showing use of User-Specified Blocks and Templates Files
10.5.2 Reviewing User-Modified Block and Template Data

HiLiTE uses the blocks and templates data described above as an input when generating test cases for a
model. Care must be taken to ensure that undesired/incorrect changes are not made; this is especially
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important when using a qualified version of HiLiTE. The following procedure is recommended to be
followed by users:

1. Only make changes to requirements and test case templates of specific blocks, using methods as
described in previous sections.

2. Review the changes within the Template Manager before saving them and make a list of all
changes. It is also advisable to diff the changed blocks and templates XML files with the HIiLIiTE
Release standard versions using a diff program such as BeyondCompare to ensure no unintended
changes were made.

3. Testing modifications: Since it is possible to make mistakes in modifications/addition of test
cases that may not be detected in reviews, the users should test the modifications:

— For all the blocks with requirements/template modifications, execute HiLiTE on the test
models supplied with HIiLiTE release for those blocks, using the modified version of blocks
and templates data. (scripts are provided to execute HiLiTE on these models and run the
HiLIiTE Test Harness on the code for the models.)

— Verify that HILIiTE does not report any errors in the interpretation of the modified
requirements and templates.

— Verify that no test vector errors are reported by HiLiTE Test Harness when applying the
generated test vectors on the models’ code.

— As necessary, compare with the standard HiLiTE output for these models, supplied with the
release.

4. Perform configuration management of modified blocks and templates data, the list of
modifications, and test results, required for configuration management (CM) procedures of the
user’s project.

10.6 Template Formula Language
Formulae in the templates are arithmetic expressions in C syntax that evaluate to double (64-bit floating
point) numbers. The value of an individual term or sub expression is also maintained as a double.

o Floating point values are represented a doubles (64-bit floating point)

o Integer values are represented as whole numbers; e.g. 1, 2, 3, -1, -5, etc.
If the desired value is an integer, make sure that the formula will evaluate exactly to an integer.

o Boolean values are represented by True or False. True is represented by 1, False by 0.

Use Operators, Predefined Constants, Math and Logic Functions, and Keywords to create formulae for
group conditions, time steps, port values, and multiple port elaboration rule.

10.6.1 Infix Operators
The following infix operators (shown in the order of precedence) can be used:

Operator Type Remarks
arithmetic + -
arithmetic *
relational > | <|==|>=|<=|<>|return 1 for True and O for False
arithmetic n xY

Parentheses “(“ and ‘)’ can be used to any depth of nesting to override the default precedence or to
disambiguate expressions.
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Examples:
2* .01 * (5 + 3)

inl.op.max - in2.op.min

inl.op.max > 5

10.6.2 Predefined Constants

The following constants can be referenced directly using their names:

pi, e, true, false

(true and false evaluate to 1 and O respectively)

Examples:

2 * pi
e N2

10.6.3 Math and Logic Functions

The following math and logic functions are provided. Note that function names are case insensitive.

Template Formula Language

Note that expressions and function calls can be nested; thus an argument to a function can be an arbitrary
expression involving operators or other functions.

Table 10. Math and Logic Functions

Function
Function names are case
insensitive

Arguments, Return Value

Usage Examples /
limitations

sin(x), cos(x), tan(x),
sinh(x), cosh(x), tanh(x)

X : angle in radians
Returns: the trigonometric function
value

sin(inl.op.min)

asin(x), acos(x), atan(x)

Returns: radians

asin(.75)

deg(x), degrees(x)

X: angle in radians
Returns: angle in degrees

deg(Block.Heading)

rad(x), radians(x)

X: angle in degrees
Returns: angle in radians

compare(Xx,y)

X,y : two values (numeric or string)
Returns: -1ifx<y;0ifx==y; +1if x
>y

log(x), logn(base, x)

X, base : numeric expression
Returns: value of logarithmic function

sgrt(x), abs(x), exp(x)
fact(x)

X: humeric expression

Returns: value of mathematical
function

sqrt(Input.Start)
abs(Block.LoLimit)

round(x), floor(x), ceiling(x)

X: humeric expression (possibly
floating point)

Returns: integer result of the
mathematical operation

Limitation due to inherent

floating point representation

error: (ip = integer part)

If x is very close to ip.5
round can yield ip or ip+1

If X is very close to ip.0
floor can yield ip or ip -1
ceiling can yield ip or ip +1

max(x1, x2, x3, ...)

x1, X2, ...: numeric expressions

max(inl.op.max, in2.op.max,
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Function Arguments, Return Value Usage Examples /
Function names are case limitations
insensitive

min(x1, x2, x3, ...) 5.2)

and(x1, x2, x3, ...)

or(x1, x2, x3, ...)

Note: This format for Boolean
expressions works as though the
operator in front of the parentheses is

inserted between values (e.g. x1 and x2
and x3)

x1, x2, ...: Boolean expressions
(two or more arguments)

Returns: logical operation Boolean result

and(Block.lIsInt, Input.Op.Min
> 2)

not(x)

X : a Boolean expression
Returns: Boolean negation

not(Block.IsBoolComparator)

Bitwise operators

These operators perform bitwise

BitNot(Block.BitMaskHex)

BitNot(x) operations on their operands:
BitAnd(x, y) X, y: a number, preferably in hex BitAnd(Block.BitMaskHex,
format, or an expression 2 7 10)
hex(x) s: an int value, returns the value

represented in hex

if (cond, true_exp, false_exp)

if cond is true then return the
true_exp, else return false_exp

If (in1.0p.max > 5, in1.0p.max
12,2)

combinations(port_name,
num_at_time)

Steps through each port named
port_name, picking num_at_time
ports at a time

combinations(input, 2)
Used with a port where
MultiplePorts is enabled.

foreach(port_name)

Steps through each port named
port_name

foreach(input) Note that
foreach is equivalent to
combinations(input, 1)
Used with a port where
MultiplePorts is enabled.

Used in conjunction with the
current keyword.

10.6.4 Keyword References

Include values associated with model objects (e.g., ins, block, model) using keyword references. These

references use the form:
object._value

Obijects are ports of the block being tested, the block itself, or the model in which the block occurs. Each

object takes specific value types.

The following subsections describe keywords for port objects and values, block objects and values, and

model object values.

Note 1: Gray rows in any table indicate potential future extensions. If you need to be able to use any of
these, contact the HiLiTE team to schedule development.

Note 2: Keywords are case-insensitive; however, mixed case spellings increase the readability of long

keywords.
Port Objects and Values

Ports are referenced as inx or outx, where X is a positive integer, or as self. Port value keywords are: op,
allow, IsEvenPort, IsOddPort, Isinteger, IsReal, IsBool, IsMultiplePtVals, start, startmin, startmax,
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previous, expected, tolerance. Op and allow can have subparts: min, max, mid, ispt. Value keywords
are defined in the table below.

Examples: inl.op.max; self_op.min; In2_start; in3.allow.mid

Honeywell Confidential 157 Version 7.8



Section 12 Using the TPI Converter

Table 11. Port Objects and Values Keywords

Keyword

Definition

Op, Allow

Op: Signifies either the normal operating range at this port
Allow: Signifies the maximum allowable range (e.g., a constraint) at this port

MDVD

subpart of op. The minimum distinct value difference (MDVD) is the minimum
difference between two values in the template that guarantees that the actual
values in the code under test are/will be different. MDVD is explained further in
Section 10.6.6.1.

gets the maximum allowable range for a port (ex: outl.allow.mid)

Max

subpart of op or allow that specifies the maximum of the range on this port

Min

subpart of op or allow that specifies the minimum of the range on this port

Mid

subpart of op or allow that specifies the mid point of the range: (max + min)/2

IsPt

Sub-part of op or allow that returns true if the range is a point value. ispt only
checks to see if the range is a point value; it doesn't check the constrained
range.

Examples

outl.Allow.Mid : the maximum allowable range for port outl
in1.0p.Min : the minimum operating range for port in1

Allow.IsMultiplePtVals

Returns Boolean value ‘1’, if max allow range consists of multiple point values.

IsEvenPort Returns Boolean value ‘1’ if the port is even port(If the block is having n input
ports, then 2" 4™ etc. ports are treated as even ports and other ports are treated
as odd port (ex: if(self.IsEvenPort, 0,1)).

IsOddPort Returns Boolean value ‘1’ if the port is odd port.

Isinteger Returns Boolean value ‘1’, if the data type at the port is integer (signed and
unsigned integer).

IsReal Returns Boolean value ‘1’ if the data type at the port is Real.

IsBool Returns Boolean value ‘1’, if the data type at the port is boolean.

Start, StartMin

References the formula (only column or InputX column) for this port in the same
test case template step. This allows you to reference the formula specified at one
port from within the formula at another port.

Startmax References the formula (Max: column) for this port in the same test case
template step. This allows you to reference the formula specified at one port from
within the formula at another port.

Previous value on the port in the immediately previous step

Expected value expected on an output port (not the current port)

Tolerance amount of variation within which values will be considered the same

Current, Used in conjunction with foreach and combinations. Is true (1) if this port is the

First,Second,

one of the foreach group selected by the function and false (0) if the port is not of
the group. This is actually an abbreviation for the expression “(Index ==
Currentindex)”

Index, Currentindex,

When foreach expressions are evaluated against a multiple port set, these

Firstindex, keywords take on values. “Index” gets the index of the port being considered,
“Currentindex” and “Firstindex” get the index value of the first / top level iterator
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Keyword

Definition

SecondIndex,

walking through the array of ports. When using the “combinations” keyword,
“SecondIndex” gets the value of the second iterator walking through the array of
ports. Up to “Tenthindex” is currently supported, but these only have values if the
combinations take that many elements at a time (a combination taking 3
elements at a time would have “Firstindex”,”"SecondIndex”, and “ThirdIndex”
defined, but “Fourthindex” and on would not be defined.)

Block Object and Values

Each formula has only one associated block object—the block under test. The block object reference is
block. It can have values of getoutput or parameter_name (actual parameter name).

Examples: block.GetOutput

block.maximum (for fixed range limit block type)

Table 12. Block Objects and Values Keywords

Keyword

Definition

GetOutput

the output that the block will produce with the given formulae at the input
ports in this test case template step. It can be used only in the formula at
an output port. It returns an array of all outputs in order of output port
number.

Unique

This is a block-level function that works in conjunction with foreach. It takes
two parameters: a port reference and a range reference. (example: block.
unique (Input[Currentindex], op) ) In this example, the port reference is
“port[Currentindex]” and the range reference is “op”, for the operating
range. This means that the port “Input [Currentindex]” must have a unique
value among all ports in the array of ports in that array of ports named
“Input” and that value must be within the range specified by the operating
range of that port.

mdvl, mdvh

These are adjuncts to the port reference in the Unique clause described
above. When used, these direct HIiLiTE to skew the unique value obtained
within that range to the lowest unique value (mdvl) or the highest unique
value (mdvh). These are used in situations where the unique value chosen
can make a difference in whether the test can be generated or not. If these
are not specified, the unique value chosen will be close to the midpoint of
the range.

block attributes

Allows you to test for (with?) specific attributes of a block. See Appendix G
for lists of available block attributes.

Allinputsinteger

Returns Boolean value ‘1’ if all inputs of the block has integer (signed and
unsigned integer) datatype.

AllinputsReal

Returns Boolean value ‘1’ if all inputs of the block has Real datatype.

AllinputsBool

Returns Boolean value ‘1’ if all inputs of the block has Boolean datatype.

AllinputsOpContainZero

Returns Boolean value ‘1’, if the normal operating range of all inputs
contain zero.

AllinputsAllowContainZero

Returns Boolean value ‘1’, if the maximum allowable range of all inputs
contain zero.

AllinputsContainZero

Returns Boolean value ‘1’ if all inputs of the block can have a zero value. A
test case for all 0 inputs should be enabled only when this is true.
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Keyword

Definition

AlllnputsTied

Returns Boolean value ‘1’, if all inputs of the block are tied together.

AllinputsConstant

wired

Returns Boolean value ‘1’ if all inputs of the block are constants (hard

Allinputsinteger

be carried out for float inputs.

Performs an operation only if inputs are integers and the operation can not

TotallnPortCount

Returns total count of data port and not the control port

TotalOutPortCount

Returns the count of output ports

ICV_Input_Tied

When the input port and ICV port of a block are tied together, this attribute
will be set to TRUE. Otherwise, it will be set to FALSE

Model Object and Values

Each formula has only one associated model object—the model under test. The model object reference is
model. A model object can take only two values: periodms, which is the period of the model execution
frame in milliseconds; and Ts, which is the period of the model execution frame in seconds.

Example: model . Ts

10.6.5 Test Case Fields Reference

Multiple Port
Elaboration Rule

A formula that is used to generate a class of
test cases from one test case template (with
new keyword such as foreach and
combination)

Expression

Group

Grouping of two or more similar procedures
differentiated by special conditions.

Text. Name of an existing
group.

Additional
Condition

The Condition must be satisfied for procedure
to be executed

A formula that can be evaluated to determine if
this procedure should be used. The result of
this condition is ANDed with the result of
evaluating conditions for the group this templ
proc belongs to.

Expression. See Template
Language.

Start At Abs Zero

This option resets the whole model and
executes the test case. When enabled,
indicates that procedure requires an Initial
Condition. Indicates whether the procedure
needs to start from absolute step zero.

check/uncheck

Version 7.8

160

Honeywell Confidential




Template Formula Language

10.6.6 Definitions and Explanations of Specific Constructs

10.6.6.1 MDVD

The minimum distinct value difference (MDVD) is the minimum difference between two values in the
template that guarantees that the actual values in the code under test are/will be different. The need for
MDVD arises due to the floating point representation error in computations — if floating point values are
applied at model inputs and undergo mathematical computations, there can be significant numerical error
in the value of at an intermediate signal in the model. MDVD is a default estimate of this numerical error;
for a relational operator, if the value of two inputs being compared is apart in the test caste template at
least by MDVD (€.9., aempi — beempi >= MDVD), one can have confidence that the actual propagated values
in the code will be such that agge > beoge. The following formula is used to compute MDVD (note that
MDVD is always a positive number):

Integer Data Type

MDVD =1
Boolean Data Type

MDVD is not defined and should not be used in templates for Boolean data types.
Floating Point Data Type

MDVD = 2 * Tolerance

Tolerance is calculated using the formula defined in Section 5.6.1, using the span (max — min) of
the operational range in the formula. Note that MDVD is not defined for maximum allowable
range (e.g., port.Allow.MDVD is not supported; only port.Op.MDVD is supported)
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11 Using the HILITE Test Harness

The HILIiTE Test Harness (HTH) is used for unit testing of a model’s executable object code. It uses the
test vectors generated by HiLiTE for the model. HTH is a set of C++ and C source-code files linked with
the code generated for a MATLAB Simulink/Stateflow model using MATLAB Real-Time Workshop
Embedded Coder (RTW/EC). Figure 107 illustrates HTH usage and the flow of files.

User Inputs

Test Generator
Command and
Parameters File
(model.hilite)

Manually
Created
Test Cases

R
HTH Base
Files (C++)
HILITE
. / X\ Compatible C++
i Harness Makefile! > Test 1 Interface files Compiler or Target C++

i Template ) Generator o model’s codeg Compiler
------------ - (HILITE-TG)
Harness.mk_template model_Harness.cpp,

model_Test_friend.cpp,
model_Test_friend_local.cpp

v

Test Vector
Files (.csv)

Matlab 0
Simulink/ ,

’ Test Harness
X Object Code Target Processor
StateFlow
Model Harness Makefile

7
or Simulator
UeE . Executable
Linker
model.mdl ~
model_Harness.mk *“(
L)

model_Harness
Object Code

\

Test Structural
Code , Model Target C Execution Coverage
Generator Implementation > Compiler* Report Measurement
Code (C)
(RTW/EC)
model.h,
model.g, ... Coverage
Measurement

Instrumentation
optional

Figure 107 - HILIiTE Test Harness usage and flow of code files

Y HAM code generation uses the underlying RTW/EC and sets some default options.
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The Simulink/Stateflow model “model.mdI” on the left side of the figure is input to the HiLiTE test
generator. (For this illustration, the name of the model is “model,” since it is used as the base name of
many generated files.) Note that a separate test harness executable must be created for unit-testing the
code for each model in the project.

The following summary gives the sequence to properly execute a unit test. Later subsections give more
detail

1. Generate model code. Generate code for the model as you normally would use MATLAB RTW-
EC or HAM. Code generation creates several C files, including model.h, model.c,
model_private.h, model_data.c, etc.

2. Generate tests and harness interface code. Run the HiLiTE Test Generator on the model to
produce two sets of artifacts for the harness:

a. Files containing the generated test vectors in HiLiTE’s test vector format. Test vector files are
named model_Vectors.csv.

b. Interface files for the model’s code generated using RTW. These files interface to variables in
the model’s code that correspond to model inputs, outputs, and test points. These files are:
model_Test_friend.h, model_Test_friend.cpp, model_Harness.cpp.

3. Compile and link model code and harness code. Use the make files generated by HiLiTE for
this purpose.

a. Compile model code. The model’s generated code (C) is compiled using the target processor
compiler with exactly the same options that will be used for the target executable object code.

b. Compile harness code. The harness code consists of harness base code and model-specific
code generated by HiLiTE to interface to the model’s code (see Figure 107). Compile this
code with the same compiler used for the model’s code or with a compatible C++ compiler.
When using the target compiler, include options to enable the harness to use exceptions, run-
time libraries, etc.

c. Link model code and harness code to build the harness executable. Use the target linker for
this purpose.

4. Run the test harness. The test harness executable reads the test vectors generated by HiLiTE and
executes the tests on the model’s code. Each row of a test vector is a time step with values to be
applied at model inputs and expected values of model outputs after the function named
model_step() on the model’s code is called. The test harness calls the code and compares the
measured values of model outputs with the expected values listed in the test vector. If the
measured and expected values are the same for all vectors (time steps), then the unit test passes;
otherwise, the unit test fails. The harness generates a test execution report of the overall pass/fail
status and diagnostic information for any failures.

Reference Example

A reference example built around a model named SimpleExampleModel is provided with the HTH code.
The discussion in the following subsections refers to this example.

11.1 Generating Model Code

To generate model code, use the standard MATLAB Simulink/RTW code generation features or the
appropriate feature provided by HAM. Place the generated code in the same directory as the model on
which you will run HIiLIiTE.

MATLAB RTW header files are supplied with MATLAB. You must modify the file
PlatformDefinitions.mkinc to include the path to these files in the compile command. Do not use the
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RTW_Headers folder supplied with the HiLiTETestHarness. It is included only as an example and may
not be compatible with your MATLAB code-generation environment.

11.2 Generating Test Vectors and Harness Interface Code

Generate test vectors and harness interface code in HiLiTE using an OptionSet element for HTH under
the TestGen command. The following example shows how to include the element in your command file :

<Command name="TestGen">
<OptionSet name="HTH”>
<Option key="GenerateHarnessCode'>True</Option>

</OptionSet>

<Model name="SimpleExampleModel*/>

</Command>

The HILITE test generator will first generate the test vector files normally. It then generates an interface
code file for each harness. Make sure the model’s code files generated using RTW are in the directory
before running HILIiTE, since the content of the harness code files depends on the content of the model’s

code files.

Table 13. Keys and values available for the HTH OptionSet

Key

Definition and Values

<Option key="HarnessCodePath" >
Path</Option>

Path where HILITE generates code for the test harness.
Default is the project path, e.g. where the model is. Note that
keyword substitution is performed on the path string—the
name of the model is substituted for a substring “{model}”.

<Option key="UY_IO_Style">

True value denotes that model's code was generated by
MATLAB where all model inputs are declared in a global
structure named *_U and outputs in structure named *_Y. The
default is False, which denotes that the model inputs and
outputs are declared in the code directly as individual global
variables.

<Option
key="GenerateFromTemplate” >
Tailname.ext_template</Option>

The value is the name of a template that is keyword
substituted (see 11.3.4) to create a file with a name model_
Tailname.ext, where model is the name of a model. Note that
the value must end with the string “_template”.

11.3 Compiling and Linking Model and Harness Code

You are now ready to compile the code for the model and the harness, then link them before running the

test harness.

11.3.1 Compiling Harness Code

The test-harness code consists of base code supplied in the HILiTE installation and model-specific code

generated by HIiLIiTE:

Harness base code consists of these files:

HTH_Platform.h
HTH_Utils.h
HTH_Typed_data.h
HTH_Test _driver.h

HTH _Test friend_base.h

HTH_Test_types.h
HTH_Platform.cpp
HTH_Utils.cpp
HTH_Test_driver.cpp
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HTH_Test_friend_base.cpp
HTH_Typed_data.cpp

Model-specific harness code generated by HiLiTE consists of these files:

modelname_Test_friend.h
modelname_Test_friend.cpp
mode Iname_Harness.cpp

Contents of file HTH_Platform.h. In the base harness code, the file HTH_Platform.h handles
dependencies on the target compiler environment and platform. You may need to add to this file for a new
platform; please send all changes to the HiLiTE team so that we can fold those in the next release. Any
additional support functions for a platform can be put in HTH_Platform.cpp. There is currently no content
in these files.

Compiling Base Harness Code. Compile base harness code once for all the models in the project. The
object files for the base classes can be arranged in a library archive so that they can be linked with
multiple harness executables for different models in the project. Makefile in the HiLiTETestHarness
directory builds the base harness code and creates a library archive file. This Makefile in turn includes
another file that contains target-platform-specific definitions (see A makeinclude File for Target-
Platform-Specific Definitions).

Compiling Model-Specific Harness Code. This code is compiled for each model separately. Note that a
specific makefile to compile the model-specific harness code can be automatically generated by supplying
a harness-makefile template to HiLiTE during test generation.

Harness Compiler and Options. All harness code is in ANSI-Standard C++ and uses the C++ std
library. Thus a C++ version of the compiler must be used with options (if necessary) to include the
runtime library for std. No other special compiler options are needed, unless required by a specific target
compiler.

11.3.1.1 A makeinclude File for Target-Platform-Specific Definitions

Use the makeinclude file named PlatformDefinitions.mkinc, found in %HILITE_HOME%-
\HiLiTETestHarness, to create a makefile for building the test harness for target platforms® This file
contains the definitions for the platform-specific compilers, linkers, and compiler flags to use. It also
contains definitions for locations of project-specific directories. The default settings in the supplied
version of this file are to use the GNU compiler for PC/Desktop platform. You must edit this file before
doing any compiles. Comments in the file describe how and what needs to be modified.

11.3.2 Compiling Model Code

Generate code for the model with MATLAB Simulink RTW/EC, either independently or via HAM
controls. Compile the code using the target processor compiler with exactly the same options you will use
for the airborne executable object code for the model. Certain RTW header files (for RTW run-time
libraries) are referenced by this code, so make sure you include appropriate references to the correct
version of these files—the same as those for the target-system version of the code. Note that HAM/RTW
may generate a model-specific makefile (hamed model.mk) to compile this code; we do not recommend
using this makefile. Any makefile to compile target environment needs to have target-platform-specific
information. Note that a specific makefile to compile the model’s code can be automatically generated by
supplying a target-makefile template to HiLiTE during test generation. See Section 11.3.4.

2 The initial example for this was provided by the EAJ7/AGT1500 users.
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11.3.2.1 Separating Model Code from Harness Code

We recommend that you compile the model’s code separately from the harness code so that the separation
between airborne code and harness code is clear during unit testing.

HiLiTE Test Harness does not require the model’s code to be compiled at the same time as the harness
code. If object files (or an object library) for the model’s code are already created through the build
process, they can be appropriately referenced when linking the test harness executable. Section 11.3.4
describes how to create a single or multiple model-specific makefiles using HiLiTE when you supply a
project-specific makefile template to HILIiTE.

11.3.3 Linking all Object Code to Create Test Harness Executable

The target linker is used to link the base harness code, model-specific harness code, and model’s code
into an executable named model_Harness. For the reference example, this executable is called
SimpleExampleModel_Harness. The recommended directory location for this executable is the same
directory as the model and associated source code files. For the reference example, HiLiTE automatically
generates a makefile using the supplied template. This makefile compiles all model-specific code and
builds the harness executable.

11.3.4 Creating Model-Specific Makefiles for the Compile and Link Steps

You can generate any number of makefiles (or other files) by supplying templates (file names end in
_template, e.g. Filel.mk_template) for these files to HiLiTE. HiLiTE substitutes keywords in each file
and creates an output file of the same name as the template file (without the trailing “_template™). In the
following example, HIiLiTE will create two files named MyModel_Filel.mk and MyModel _File2.mk
using the templates.
<Command name="TestGen">
<OptionSet name="HTH”>
<Option key="GenerateHarnessCode'>True</Option>
<Option key="GenerateFromTemplate">Filel_mk template</Option>
<Option key="GenerateFromTemplate">File2.mk_template</Option>
</OptionSet>

<Model name="MyModel "/>
</Command>

The HILIiTE installation supplies the makefile template Harness.mk_template with the reference example.
This template generates the makefile named SimpleExampleModel_Harness.mk when HIiLiTE is run. You
can modify this template as needed.

The following keywords are substituted in the template file (hote: each keyword starts with “%%"):

Keyword Substitution
%%ModelName Name of the model
%%CodeGenVersion Version of HILITE
%%DateTime Date and time of generation

11.4 Running the Test Harness Executable

The linked test harness executable is a command line application or a target application, depending upon
the target platform used for testing. The application is named after the model in this format:
model_Harness. It reads the test vector file(s) generated by HiLiTE and applies the test vectors to the
model’s code. An output file containing the results of verification is created whose name defaults to: test-
vector-file<extension removed>_results.extension.

To run the harness for the supplied reference example on the desktop platform, use this command line:
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> simpleExampleModel _Harness TestVectors\SimpleExampleModel Vectors.csv

(for platforms that do not support command line usage, see note at end)
This command produces a test result file named TestVectors\SimpleExampleModel_Vectors_Results.csv.

Usage
model_Harness [options] [<test-vector-file> [<base-dir-name>]] [std i/o redirection]

Options

Use this option: | To: Where:

-h print help

-n suppress file 1/0; use Stdinput to read test

vectors and StdOutput for reports

-a<prefix> derive as-built vector file(s) using answers from As-built is a (set of) test vector

this run file(s) identical to the one being
executed, except the expected
results are updated to match
those actually measured during
the test, and with file names
permuted by <prefix>. This is
useful for correcting typos when
manually generating scripts.

-l activate internal state machine logging

-o[opts] create Output file info:(t)race, (r)esults, input -0 sends any combination of

(Dines. Append '-' to disable options, e.g. "-or- several classes of information to
["=lines, no results the output file and/or stdout
default is "results" respectively.

-s[opts] create Stdout info (see Output file info) -s sends any combination of
several classes of information to
stdout.

-b<name> override output file base name The output (results) file defaults
to test-vector-file<extension
removed>_result.csv. —b permits
an alternate base output file
name to be specified.

Note for test environments not supporting normal command line usage:

Command line usage will vary depending upon the target environment. If the test harness was compiled
for a target processor and the resulting executable is run in a simulator, it may not be possible to specify
command line options or read/write specific files. In this case, the test harness will default to stdio and
stdout for reading the input and writing output. In such instances it may be necessary to specify to the
simulator where to read the input file from and where to direct the output to.

For instance, with SingleStep simulator, you would use the following commands to specify input/output
files:

targetio -i model_vectors.csv
targetio -o model_output.txt
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11.5 Tolerance on Measurement of Output Values

An expected output value is specified in an output column in the Vector file. This value is compared with
the actual (measured on code under test) value of this output variable by the test harness as described in
Section 5.6. As described in the HIiLIiTE Test Vector File Format document [8], a built-in default value of
0.0001 relative tolerance (0.01% tolerance) is used. To override this, a specific individual-column
relative tolerance values can be present in a test vector file to denote a relative tolerance to be applied to
actual output values for that particular output column.

Regardless of how the tolerance value is determined for an output column, the HiLiTE Test Harness uses
the following algorithm for comparison of expected output values with actual output values in that
column. (Note: in the following algorithm, the keyword Tolerance denotes the relative tolerance
determined for a column):

AbsoluteTolerance = Max(Abs
(ActualOutputValue * RelativeTolerance), RelativeTolerance)

For an actual output value pass, the following must be true:

ActualOutputValue — AbsoluteTolerance < ExpectedOutputValue
AND
ExpectedOutputValue < ActualOutputValue + AbsoluteTolerance

11.5.1 Overriding the Built-In Default Tolerance

Section 5.6 describes how a tolerance value can be specified as an input to HiLiTE. The HILIiTE Test
Generator creates a corresponding entry in a Tolerance row in the model’s test vector file as shown in
Figure 108. The file element Tolerance specifies the tolerance for each vector-aligned output column.
tolerance

iCnIumnCnntE Repetition Input:1 Input:2 Input:3 Input:4 Input:5 Input:B Cutput:1 | Output:
1.Cl:llumnNamE tablel_in | tableZ_in | suml_in | productl | product_ir sum_in pruducﬂ_
| Cormrment Tests for b lirnit

]C yatual= Test Case Abovehax
olerance 0.001

["ectar

1 -1120 B5.958561 1098.6871 ) X A -129.453 0 X X

Figure 108 - Specifying tolerance in test vector file (Modelname_Vectors.csv)

The HILIiTE Test Harness processes information in this way: 1) If the value in a Tolerance column is
blank, the current value of DefaultTolerance is used. 2) If the DefaultTolerance element is not specified in
the test vector file, the built-in default tolerance of .0001 is used for all output columns. Note that a
subsequent assignment of the DefaultTolerance value will have no effect unless followed by a tolerance
file element.

When a Tolerance file element is encountered, the column tolerance assignments are recomputed. In the
event that a prior tolerance file element has already been processed, any compatibility validation
regarding the configuration changes must not occur until a vector file element is encountered.

In the test vector file shown in Figure 108, a tolerance of 0.001 is specified for Output: 2. All other
columns are left empty, which implies that the built-in default tolerance is used for those columns.

Examplel:
If the output value is 0.5, and specified tolerance is 0.001. Then

AbsoluteTolerance = Max (0.5 * 0.01, 0.001) = 0.005. So any actual output value between (0.5 — 0.05)
and (0.5 + 0.005) will pass.
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Example2:
This is a case where a test vector failure is reported by HiLiTE Test Harness as shown below

i Failure product_out (Output:2)
Vector|1]1098.8721 (2.5 129.4542 | X 0.4 expected 0.4 found 0.0.3967 FAILED

Here the actual output value = 0.3967. In this case, you can specify the tolerance for this output column in
such a way that 0.4 passes. If you specify tolerance = 0.01, then Product = 0.3967 * 0.01 = 0.003967.
AbsoluteTolerance = Max (0.003967, 0.01) = 0.01. Now all actual values between 0.3867 and 0.4067 will

be considered valid for the expected output of 0.4.
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12 Using the TPI Converter

When HiLiTE cannot achieve 100% test coverage of flight code, it generates additional test cases by
turning on test points in the model. You can use the test point-enabled models to generate additional test
cases, but those test cases must be executed against the flight code (which does not have test points
enabled) and externally observable results must be verified before the additional test cases can be used.
For more information about TPI converter usage, refer to [1]

When HiLiTE generates test cases:
e Two sets of test vectors will be generated. One set is the normal set; the other is the augmented
set that results from turning on Test Points in the model.
e These two sets (i.e. files) of vectors will be combined into a single set.

e  The observation points that resulted from turning on test points will be removed from the test
vectors (as they do not exist in the flight code).

e The actual outputs corresponding to the model’s outputs for the Test Points ON set of test vectors
are replaced with the outputs from the CSV file which is a result of TPI run on CTP Generator
(either of PPC or MIPS processor).

This set of test vectors can be run against the real flight code

TPI Converter is a tool that converts a test point ON set of tpi to test point OFF set of tpi. TPl Converter
imports TP ON, TP OFF, and CTP Output files and generates a final TPI file.

Files required to use the tool
o exe file: This is the file used to generate the converted TPI file.

e inifile: This is the initialization file used by the tool to know the format of the TPI file and
where the input files are present along with the path where and output should be generated. It also
includes information on tolerance. For more details, Ref 12.4
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Starting the TPI Converter
To launch the TPI Converter, double-click the icon (exe file).

Closing the TPI Converter
Click the El button at the right top of the window. Or seclect menu option File->Exit.

12.1 Inputs

TPI generated with Test Points ON Option

The input variables in the TPI file generated with the test points ON are Model Level Inputs. If the Unit
Delay or Stim override options are used, the inputs will also include the override inputs. The output
variables are the model level outputs. The test points in the TPI file generated with the Test Points ON
comprise of Block Level Test Points and Model Level Test points.

TPI generated with Test Points OFF Option

The input variables in the TPI file generated with the test points OFF are Model Level Inputs. The output
variables are the model level outputs. The test points in the TPI file generated with the Test Points OFF
comprise of only Model Level Test points.

CSV file

When the CTP tool is run on a TPI generated with test points ON a .csv file is created. This file contains
values for model outputs and test points. It should have the same number of test cases as the TPI file
generated with test points ON. For example, if the number of test cases in TPI_ON file is 100, the number
of rows in the .csv file should also be 100.

12.2 OUTPUT

Final TPI

¢ Inthe final TPI generated, inputs remain the same for the TP_ON TPI files as the model and
override inputs.

e The output variables comprise only model outputs and model level test points and are similar to
the TP_OFF file.

e Test case counts and the test cases should be same as in the TP_ON file.
o All the set outputs should be set as in CSV file.
e Final TPI output and tolerance are decided as follows:

= [fatestcase in TP_ON TPI has all outputs as don‘t cares, then the converted TPI file will
have all output as don’t care for the same test case.

= If all measurable variables are common in TP_ON and TP_OFF files, then TPI Converter
will not expand the test case and all the values will be picked up from the TP_ON TPI.

= If none of the measurable variables are common in TP_ON and TP_OFF files, then test
cases will be expanded. If output variables common between TP_ON and TP_OFF vary,
the test case will not be expanded.

= |f some (but not all) of the measurable variables are common, then the values for
common variables will be picked up from the TP_ON TPI and those that are not in
common will be picked up from CTP-generated .csv file.

= If the magnitude of the output value is less than 2 power 31, then the converter renders it
in a normal number format; if the magnitude is more than 2 power 31, then it will be
given in scientific notation. This provides proper number format for integers and
Booleans.
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Log.csv

A log.csv file is created every time you run the TPI Converter tool from the user interface. Whatever is
logged in the UI’s list control will be logged in log.csv. The file includes successful completion status of
commands as well as errors. The log.csv will be created in the same folder as TpiConverter.exe.

12.3 Using the TPI Converter
12.3.1 Command Line Usage

Command line usage for the TPI Converter (file or folder wise) requires four arguments separated by a
single space.

e First argument: TP_ON tpi file path (file/folder)

e Second argument: TP_OFF tpi file path (file/folder)

e Third argument: CTP_Output csv file path (file/folder)

e Fourth argument: Final TPI path where the final toi should be generated
Keyword associated for command line usage with file and folder is —file: and —folder:

Note: Tool accepts only absolute path and no relative path (For both folder and file wise)

Example folder paths:

D:\>D:\HiLiTE_B2\Development\Tools\TPIl_Converter\TpiConverter.exe

-folder: D:\TPl_Converter_Testing\TP_ON\
D:\TP1_Converter_Testing\TP_OFF\ D:\TPl_Converter_Testing\CTP_Output\
D:\TP1_Converter_Testing\Converter Output\

Note: Back slash must be included at the end when specifying the path to the folder

Example file paths:

D:\>D:\HiLiTE_B2\Development\Tools\TPl_Converter\TpiConverter.exe -Ffile:
D:\TPI_Converter_Testing\TP_ON\ PF_TPIl_Convert_Test_ctp.tpi
D:\TP1_Converter_Testing\TP_OFF\ PF_TPI_Convert_Test_ctp.tpi
D:\TP1_Converter_Testing\CTP_Output\ PF_TPl_Convert Test ctp RESULTS.CSV
D:\TP1_Converter_Testing\Converter Output\ PF_TPl_Convert_Test ctp.tpi

12.3.2 Using the TPI Converter Interface
The TPI Converter graphical user interface (GUI) consists of two tabbed pages:

o TPI Files is used to select the names of the files to use as inputs to the TPI and to perform the
actual conversion.

e Log displays the errors generated during TPI conversion.
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[SHILITE - TPI Converter (=[]
File Help

Mode " File * Foldzr

Test Paint On TRl I Browse
Test Paint Off TR I Browse ..
CTP Output [C5W] | Browse ...
Output I Browse ...

Start Corwersion |
File Mame | Status I

Figure 109 - GUI for TPI Converter

Creating TPI Files

Use the TPI Files page of the TPl Converter interface to select the files to convert. You can enter specific
paths or accept default values.

Note: The TPI Converter accepts only absolute folder and file paths; do not use relative paths.

Complete the fields at the top of the page, then click the Start Conversion button to complete the
process.

Field descriptions

Mode The selection you make here determines how you will browse to select paths in the next four
fields. Click the File button to browse for files. Click the Folder button to browse for folders.

Test Points ON TPI  Complete this text box with the path to the ON TPI file. Click the Browse button
to find and select the path.

Default VValue: Taken from the ini file section for the Default value: [Path And File]

For example:
Through Tool INI File
[Path And File]
. Test Points On = D:\TPI_Converter_Testing\TP_ON\
Test Faint On TFI |D:‘»TF‘I_Ennverter_Testing‘»TF’_DN\ M Test Points Off = D:\TPI_Converter_Testing\TP_OFF\

CTP Output = D:\TPI_Converter_Testing\CTP_Output\
Output = D:\TPI_Converter_Testing\Converter_Output\

Test Points OFF TPI This text box accepts the path of the folder for the Test Points OFF TPl file.
Click the Browse button to find and select the path.

Default Value: Taken from the ini file section for the Default value: [Path And File]
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For example:

Through Tool

INI File

Test Point O TR ID:'\TPI_EDnverter_Testing\T F_OFF

[Path And File]

Test Points On = D:\TP_Converter_Testing\TP_ON\
Browse .. |

Test Points Off = D:\TPI_Converter_Testing\TP_OFF\
CTP Output = D:\TP_Converter_Testing\CTP_Output\
Output = D:\TP_Converter_Testing\Converter_Output\

CTP Output (CSV)  This text box accepts the path of the folder for the CTP_Output file. Click the
Browse button to find and select the path.

Default Value: Taken from the ini file
For example:

Through Tool

INI File

CTP Output [C5Y) |D:'\TF'I_Eonverter_Testing\ETF'_Elutput'\ Browsze .. |

[Path And File]
Test Points On = D:\TPI_Converter_Testing\TP_ON\
Test Points Off = D:\TP_Converter_Testing\TP_OFF\

Output = D:\TPI_Converter_Testing\Converter_Output\

Output This text box accepts the path of the folder in which the Output file is generated. Click
the Browse button to find and select the path.

Default Value: Taken form the ini file
For example:

Through Tool

INI File

Cutput ID:\TF'I_Cnnverler_Tesling\Converter_Dulput'\ Browse .. |

[Path And File]

Test Points On = D:\TPI_Converter_Testing\TP_ON\

Test Points Off = D:\TPI_Converter_Testing\TP_OFF\
CTP Output = D:\TPI_Converter_Testing\CTP_Output\
Output = D:\TPI_Converter_Testing\Converter_Output\

Start Conversion button. After selecting all input files, click Start Conversion to generate output files.
The TPI Converter displays the names of the output files and their status in the list box below the button.
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12.3.3 Example

[S]HILITE - TPI Converter [_[=]
File  Help

TP Files | Leg |

1

Prathis/Fil

Mode = File * Foldes

Test Point On TR ID'\TF’I_Ennvenel_Testing\TP_DN\ Browse: I

Test Poirt Off TRI ID.\TFI_Cunvellel_Tesllng\TP_ElFF\ Browse I

CTP Outout [CSY) [D:\TPI_Converter_Testing\CTP_Outputh Bowsz |

Output ID.\TFI_Eunvellel_Tesllng\Eunverler_Elulpul\ Browse I

(1] - File[z) Processed

Start Conversion

File Mame | Statuz I
d:stpi_converter_testingitp_on'\pf_tpi_conwert_test_ctp.tpi Daone

Figure 110 - TPI Files Tab

Input 1 — TPI File with TP ON set of vectors
Input 2 — TPI File with TP OFF set of vectors

Using the TPI Converter

Input 3 — csv File which is a result of TPI run on CTP Generator (either of PPC or MIPS processor) with

Test Points ON set of test vectors
Input 4 — Output Directory Path

Output 1 — TPI file containing the combined set of test vectors to be run against the real flight code.
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Figure 111 - Simulink Model
/* Block signals (auto storage) */
typedef struct {
real _T Limit_1; // BLOCK LEVEL Test Point
real_T n_Limit_1; // MODEL LEVEL Test Point
real _T Sum_1; // BLOCK LEVEL Test Point
real _T Max_1; // MODEL LEVEL Test Point
real _T Gain_1; // BLOCK LEVEL Test Point
int32_T tCast_1; // BLOCK LEVEL Test Point
int32_T Product_1; // MODEL LEVEL Test Point
int32_T o_Gain_1; // BLOCK LEVEL Test Point
uint32_T cOffSum_1; // BLOCK LEVEL Test Point
boolean_T Not_1; // BLOCK LEVEL Test Point
boolean_T Fall_1; // MODEL LEVEL Test Point
boolean_T SimpleDelay_1; // BLOCK LEVEL Test Point
boolean_T Latch_1; // MODEL LEVEL Test Point
boolean_T e _Not_1; // BLOCK LEVEL Test Point
boolean_T confirmOFF_1; // MODEL LEVEL Test Point
boolean_T d_Fall_1; // BLOCK LEVEL Test Point
} BlockIlO_TPI1_Convert_Test_Tolerance;

Figure 112 - Test Points in the generated code.
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Example : Table 14 contains the variables associated with TP_ON tpi and TP_OFF tpi. Similar variables
in two files are matched with the same color code.

Table 14. Matching of test points in TPI_ON and TPI_OFF files

TestPoints OFF (Outputs + Model level Test Points )

TYPE Data Name Count
type Sequence
Outputs
TestPoints: Bool TPI_Convert_Test_Tolerance_B.confirmOFF_1 6
(Or(]jlyl Bool TPI_Convert_Test_Tolerance_B.Fall_1 7
mode
Level Test Bool TPI_Convert_Test Tolerance B.Latch 1 8
Points) Float64 TPI_Convert_Test_Tolerance_B.n_Limit_1 9
Float64 TPI_Convert_Test_Tolerance B.Max_1 10

TestPoints ON ((Outputs + Model level Test Points +Blocks level ))

TYPE Data Count
type Name Sequence
Outputs
Bool TPI_Convert_Test _Tolerance B.confirmOFF_1 6
Test Points | Bl TPI_Convert_Test_Tolerance_B.d_Fall_1 7
(Model Bool TPl _Convert_Test Tolerance B.Fall 1 8
level Test
Points+ Bool TPl _Convert_Test Tolerance B.Latch_1 9
Block Float64 TPI_Convert_Test_Tolerance B.Limit_1 10
Level Test
Points) Float64 TPl _Convert_Test _Tolerance_B.n_Limit_1 11
Float64 TPI_Convert_Test _Tolerance_B.Max_1 12
Bool TPI_Convert_Test_Tolerance_B.Not_1 13
Bool TPI_Convert_Test_Tolerance_B.SimpleDelay_1 15
Float64 TPI_Convert_Test_Tolerance_B.Sum_1 16

In Table 15, the original CSV file has been edited and color codes have been used to match the test points
in TP_ON and TP_OFF files.
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Note: We have modified the CSV with values that can be easily identified in the TPI.
Table 15. An excerpt from the CSV files containing only model outputs and model level test points

1 2 3 4 5 “ ‘ 10 11

1 2 3 4 5 “ ‘ 12 14

Max_Out Latch_Out | Int_Out | Product_Out [ Double_Out | confirmOFF_1 | Fall 1 | Latch 1 | n_Limit_ 1 | Max_1
1 2 3 4 5 6 8 9 2.3 3.4 5.6
11 22 33 44 55 66 88 99 23 34 56
111 222 333 444 555 666 888 999 232 343 565
1111 2222 | 3333 4444 5555 6666 | 8888 9999 2323 | 3434 5656
11111 22222 | 33333 44444 55555 66666 | 88888 | 99999 23232 | 34343 56565

Table 16 shows columns that were removed for better understanding.

Table 16. An excerpt from the CSV file containing the moved columns

NA NA NA NA NA

7 10 13 15 16
d_Fall_1 Limit_1 Not_1 SimpleDelay_1 | Sum_1
7 1.2 4.5 6.7 7.8
77 12 45 67 78
777 121 454 676 787
777 1212 4545 6767 | 7878
77777 12121 45454 67676 | 78787

Converted TPI;

If a test case in TP ON TPI has all outputs as don‘t cares, then in converted TPI file will have all output as
don‘t care for that particular test case.

If all measurable variables are common in TP On and TP Off file, then TPI Converter will not expand the
test case and all the values will be picked up from TP ON TPI.

If none of the measurable variables are common in TP ON and TP OFF file, then test Case will be
expanded If any of the output variable (common between TP ON and TP Off) varies otherwise the test
case will not be expanded.

If some (not all) of the measurable variables are common then the values for common variable will be
picked up from TP ON TPI and for those which are not common will be picked up from CTP generated
CSV file.
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Examplel: TP On Test case
SRRk KRR KKK KRR KRR AR XAk

; TestCase# 1

; Testing : TP_Convert_Test_Tolerance/ConfirmOffl

; Description : TimerExpireHoldAndReset

; Inputs : 2)TPI_Convert_Test_Tolerance_U.ConfirmOff1_In

; Outputs : 6)TPI_Convert_Test_Tolerance_B.confirmOFF_1

; TestReference : Test full normal operation sequence of fixed timer
» Type

; Requirements :

kkkkkkk *kkkkk *kkkkkkkkkk *% *kkkkkkkkkkhhhhx
’

;Loop 1
; INPUT VARIABLES for testcase 1
X 1 X X X X X
; OUTPUT VARIABLES for testcase 1

X X X X X XX X X X X X X X X X

: TOLERANCE VALUES for testcase 1

X X X X X XX X X X X X X X X X

Converted TPI of examplel.

kkkkkkk *kkkkk *kkkkkkkkkk *% *% *kkkkkkkkkk

; TestCase# 1

; Testing : TP_Convert_Test_Tolerance/ConfirmOffl

; Description : TimerExpireHoldAndReset

; Inputs : 2)TPI_Convert_Test_Tolerance_U.ConfirmOff1_In

; Outputs : 6)TPI_Convert_Test_Tolerance_B.confirmOFF_1

; TestReference : Test full normal operation sequence of fixed timer
» Type

; Requirements :

;Loop 1

; INPUT VARIABLES for testcase 1

X 1 X X X X X

; OUTPUT VARIABLES for testcase 1

X X X X X XX X X X X
; TOLERANCE VALUES for testcase 1

X X X X X XX X X X X
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Example2: TP ON TPI Test case

rkkkkkkkkkkkkkkkkkhkkkkkhkkkkhkkhhkkkkkhhkkhkkkhkkkkkkkhkkkkk
1

; TestCase# 2

; Testing : TP_Convert_Test_Tolerance/ConfirmOffl

; Description : TimerExpireHoldAndReset

; Inputs : 2)TPI_Convert_Test_Tolerance_U.ConfirmOffl_In;

;Outputs :2) TPI_Convert_Test Tolerance_Y.Latch_Out, 4)
TPI_Convert_Test_Tolerance_Y.Product_Out, 5) TPI_Convert_Test Tolerance_Y.Double Out,9)
TPI_Convert_Test_Tolerance_B.Latch_1,14) TPI_Convert_Test Tolerance_B.Product 1

; TestReference : Test full normal operation sequence of fixed timer
; Type
; Requirements :
SRRk KRR KKK K KA K AR R AR
;Loop 1
; INPUT VARIABLES for testcase 2
X 1 X X X X X
; OUTPUT VARIABLES for testcase 2
X 1 X 77 22 X X X 0 X X X X 12 X 1244
; TOLERANCE VALUES for testcase 2
X 004 X 012 0023 X X X 0014X X X X X 0005 X X

Converted TPI of example 2:

R KR KRR KKK KR AR KK R XA KRRk

; TestCase# 2

; Testing : TP_Convert_Test_Tolerance/ConfirmOffl

; Description : TimerExpireHoldAndReset

; Inputs : 2)TPI_Convert_Test_Tolerance_U.ConfirmOffl_In;

;Outputs :2) TPI_Convert_Test Tolerance_Y.Latch_Out, 4)
TPI_Convert_Test_Tolerance_Y.Product_Out, 5) TPI_Convert_Test Tolerance_Y.Double Out,8)
TPI_Convert_Test_Tolerance_B.Latch_1,11) TPI_Convert_Test Tolerance_ B.Product_1

; TestReference : Test full normal operation sequence of fixed timer
; Type
; Requirements :

rkkkkkkkkkkkkkkkkhkkkkkhkhkkkhkkhhkkkhkkhkkkhkkkhkkkkkkkhkkkkk
’

;Loop 1
: INPUT VARIABLES for testcase 2
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X 1 X X X X X

; OUTPUT VARIABLES for testcase 2

11 1 33 77 22 66 88 0 23 34 12

; TOLERANCE VALUES for testcase 2

0.22 0.04 0.66 0.12 0.023 132 1.76 00.14 0.26 .068 0.005

Example3: TP ON TPI test case

AR KRR AR KRR AR AA KRR AR AR

; TestCase# 2

; Testing : TP_Convert_Test_Tolerance/ConfirmOffl

; Description : TimerExpireHoldAndReset

; Inputs : 2)TPI_Convert_Test_Tolerance_U.ConfirmOffl_In;

;Outputs :2) TPI_Convert_Test _Tolerance_Y.Latch_Out, 4)
TPI_Convert_Test_Tolerance_Y.Product_Out, 5) TPI_Convert_Test Tolerance_Y.Double Out,9)
TPI_Convert_Test_Tolerance_B.Latch_1,14) TPI_Convert_Test Tolerance_B.Product_1

; TestReference : Test full normal operation sequence of fixed timer
; Type
; Requirements :

rkkkkkkkkkkkkkkkkhkkkkkhkkkkhkkhkhkkkhkkkhhkkhkhkkkhkkkkkkkhkkkkk
’

;Loop 2

; INPUT VARIABLES for testcase 2

X 1 X X X X X

; OUTPUT VARIABLES for testcase 2

X 1 X 77 22 X X X 0 X X X X 12 X 1244

; TOLERANCE VALUES for testcase 2

X 004 X 012 0023 X X X 0014X X X X X 0005 X X

Converted TPI of example 3:

AR KRR AR R AR AR KRR AR KR

; TestCase# 2

; Testing : TP_Convert_Test_Tolerance/ConfirmOffl

; Description : TimerExpireHoldAndReset

; Inputs : 2)TPI_Convert_Test_Tolerance_U.ConfirmOff1_In;

;Outputs :2) TPI_Convert_Test _Tolerance_Y.Latch_Out, 4)
TPI_Convert_Test_Tolerance_Y.Product_Out, 5) TPI_Convert_Test Tolerance_Y.Double Out,8)
TPI_Convert_Test_Tolerance_B.Latch_1,11) TPI_Convert_Test Tolerance_B.Product_1

; TestReference : Test full normal operation sequence of fixed timer
; Type
; Requirements

rkkkkkkkkkkkkkkkkhkkkkkhkhkkkhkkhhkhkkkkhhkkkhkkkhhkhkkkkhkkkkk
’
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;Loop 1

; INPUT VARIABLES for testcase 2

X 1 X X X X X

; OUTPUT VARIABLES for testcase 2

11 1 33 77 22 66 88 O 23 34 12

; TOLERANCE VALUES for testcase 2

0.22 0.04 0.66 0.12 0.023 132 1.76 00.14 0.26 .068 0.005

;Loop 1

; INPUT VARIABLES for testcase 3

X 1 X X X X X

; OUTPUT VARIABLES for testcase 3

11 1 33 77 22 66 88 0 23 34 12

; TOLERANCE VALUES for testcase 3

0.22 0.04 0.66 012 0.023 132 176 0014 0.26 .068 0.005

Tolerance:
Tolerance is calculated as per the ini file entry. By default, for Boolean and Integers, it is 0

Float 32/Float 64 it is 0.02 based on the ini file entry.
12.4 INI file

This is the initialization file where the format of the TPI file can be specified. Also the default path of the
input and output files can also be specified here.
[Common Options]
o Model Initialization = Initialize - This entry takes the keyword appearing in the tpi file to
initialize test cases. Currently it is Initialize

o Append Text For CTP Output File = _RESULTS -This entry takes the string appended in the
file name which is generated by the CTP output generator that has the values for all the output
variables values of the model in a CSV format. Currently it is RESULTS

o TPI Comment Character = ; - This entry takes the comment character appearing in the tpi file.
The current comment character is a semicolon ( ;)

e Variable Initialization Section Mandatory = 1 - This entry allows to configure the Variable
Initialization section to be Mandate or not. If this option is set to 1, then TP1 Converter will not
generate the converted TPI if the Variable Initialization section is not present in the TP ON TPI
file. If this options is set to 0, then TPI Converter will generate the converted TPI but log a
warning saying the Variable Initialization is not present hence this might result in some vector
failures.

[Tolerance]

e Tolerance Calculation Enabled - This entry takes two values
1 - Tolerance values are calculated as per below mentioned ini file entries

0 - Tolerance values are not calculated and default values are used
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Data Type Count for Tolerance -This entry takes the count of the data types for which the user
wants the tolerance to be calculated. If the count is 2, we can provide the Data Type for both by
appending the count to end of the keyword DataType. For ex — DataTypel, DataType2 and so on.
We should assign the data types for them as

DataTypel = Float32 -This is the first data type for which the user want the tolerance to be
calculated

DataType2 = Float64 -This is the second data type for which the user want the tolerance to be
calculated

... S0 0N

Tolerance in percentage of absolute value for DataTypel - This entry takes the value in terms
of percentage with which the tolerance needs to be calculated. We should specify this field for all
the data types specified in the previous entry.

Minimum tolerance value for DataTypel - This entry allows to configure the minimum
tolerance value for the data type specified. The tolerance will never go below this minimum value
specified

For example —
Minimum tolerance value for DataTypel = 0.0002
Minimum tolerance value for DataType2 = 0.002
Minimum tolerance value for DataType3 = 0.002

... S0 0N
Default Tolerance Format - This is the default format for the tolerance values to be displayed in
the TPIfile.

Decimal - Tolerance will be displayed in Decimal format
Scientific - Tolerance will be displayed in Scientific format

Tolerance Range For Decimal Output Format -This entry takes the range of the tolerance
beyond which tolerance value appears in scientific format. For ex — we can specify it to be (1.0E-
3,11.0E0) which means if tolerance value is less than 0.001 or greater than 11 it appears in the
scientific format.

[TPI File Header]

Variables Counts Starts After = #lnputs - This entry takes the keyword appearing in the tpi file
after which the count for inputs, outputs, test points, and test cases are listed. Currently it is
#Inputs

Data Types and Variables Starts After = all variable data types - This entry takes the
keyword appearing in the tpi file after which the data types of variables are listed. Currently it is
all variable data types

Data Types and Variables Ends After = end data types - This entry takes the keyword
appearing in the tpi file before which data types of variables are listed. Currently it is all variable
data types

Variables Starts After = all variable names - This entry takes the keyword appearing in the tpi
file after which the names of the variables inputs, outputs and test points without the data type
are listed. Currently it is all variable names

Variables Ends After = end variables - This entry takes the keyword appearing in the tpi file
before which the names of the variables inputs, outputs and test points without the data type are
listed. Currently it is end variables
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Listing Inputs And Data types Starts After = Inputs: - This entry takes the keyword appearing
in the tpi file after which the inputs are listed along with their data type. Currently it is Inputs:

Listing Outputs And Data types Starts After = Outputs: - This entry takes the keyword
appearing in the tpi file after which the outputs are listed along with their data type. Currently it is
Outputs:

Listing Test Points And Data types Starts After = Test Points: - This entry takes the keyword

appearing in the tpi file after which the test points are listed along with their data type. Currently
it is Test Points:

Listing Inputs Starts After = Inputs: - This entry takes the keyword appearing in the tpi file
after which the inputs are listed without their data type. Currently it is Inputs:

Listing Outputs Starts After = Outputs: - This entry takes the keyword appearing in the tpi file
after which the outputs are listed without their data type. Currently it is Outputs:

Listing TestPoints Starts After = TestPoints: - This entry takes the keyword appearing in the
tpi file after which the test points are listed without their data type. Currently it is TestPoints:

Input Variable initializations Starts After = variable initializations - This entry takes the key
word appearing in the tpi file after which the variables initialization is done.

Input Variable initializations Ends After = end initializations - This entry takes the key word
appearing in the tpi file before which the variables initialization is finished.

[Test Case Header]

Test Case Number = Test Case - This entry takes the keyword in the Test case header for the
number of the test case in the test case header for the test vector. Currently it is Test Case

Testing Case Block = ""Testing ' - This entry takes the keyword in Test case header for the
specifying as which is the Block Under Test for the test vector. Currently it is "' Testing

Test Case Description = ""Description ' - This entry takes the keyword in Test case header for
the specifying as which is the Test Case Template for the test vector. Currently it is ""Description

Test Case Inputs = ""Inputs " - This entry takes the keyword in Test case header for the
specifying the inputs which are not don’t care in the test vector Currently it is "' Inputs
Test Case Outputs = "Outputs " - This entry takes the keyword in Test case header for the

specifying the outputs which are not don’t care in the test vector. Currently it is ""Outputs

Test Case TestReference = ""Test Reference” - This entry takes the keyword in Test case
header for the specifying the rationale. Currently it is ""Test Reference

Test Case Type = "Type " This entry takes the key word for test case type after which the
test case type appears.

Test Case Requirements = ""Requirements” - This entry takes the key word for requirements
after which the test case requirements are listed

List Output Variable names - This entry takes two values

1 - Ifsetto “1”, names of the output variables appear in the test case header in the output file

0 - If setto “0”, names of the output variables do not appear in the test case header in the output
file

Comment For Test Case Header =kkkkhkkkhhhhhhhhhhhhhhhhhhhhhhhrhirid _ ThIS entry
takes the keyword in for commenting the test case header. Currently it is

kkhkkhkkkkkhkhkhkkkhkkhkhhkhkkkkhkhhkhkhkkkkhkhhhkkkhkhkiihkkkhkhikx
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[Test Case Values]

e Input Variable Values = INPUT VARIABLES for test case - This entry takes the keyword in
the tpi file for specifying the input variables for the specific time step. Currently it is INPUT
VARIABLES for test case

e Output Variable Values = OUTPUT VARIABLES for test case - This entry takes the
keyword in the tpi file for specifying the output variables for the specific time step. Currently it is
OUTPUT VARIABLES for test case

o Tolerance Values = TOLERANCE VALUES for test case - This entry takes the keyword in
the tpi file for specifying the tolerance for the specific time step. Currently it is TOLERANCE
VARIABLES for test case

° Comment For Test Case Va|UeSZ**************************************- ThIS entry
takes the comment character for the test case values

[Path And File]
e Test Points On - This takes the path of the folder which contains TPI file generated with test
points ON. This will appear in the text box for “Test point On TPI” when we launch the gui.
By default it is Test Points On = D:\TPI_Converter_Testing\TP_ON\ - This is the default
path to the folder which contains TPI file generated with test points On
e Test Points Off - This takes the path of the folder which contains TPI file generated with test
points ON. This will appear in the text box for “Test point Off TPI” when we launch the GUI.
By default it is Test Points Off = D:\TPI_Converter_Testing\TP_OFF\ - This is the default
path to the folder which contains TPI file generated with test points Off
e CTP Output - This takes the path of the folder which contains CTP Output file. This will appear
in the text box for “CTP output (CSV)” when we launch the GUI.
By default it is CTP Output = D:\TPI_Converter_Testing\CTP_Output\ - This is the
default path to the folder which contains CTP Output file

e Output = D:\TPI_Converter_Testing\Converter_Output\ -This is the default path to the folder
in which the output file is generated. This will appear in the text box for “Output” when we
launch the GUI.

By default it is Output = D:\TPI_Converter_Testing\Converter_Output\

Note: A backslash “\’ character is required at the end of the path.
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Incorrect or Missing Parameter Elements and Attributes

The following table lists messages you may see in the command window when running a HiLiTE
command file. Most of these messages indicate a problem in the construction of the command file. When
you see Error or Warn messages in the command window, review Hilite.log; it may contain further
explanations. If you observe problems in the generated tests or code, but no errors are displayed in the

command window, review the Hilite.log.

Table 17. Configuration File Errors Reported in the Command Window and HiLiTE.log

Message/Indicator

Problem/Explanation

[ERROR] *** Validation Error *** : The element 'HiLiTEParameters' cannot
contain text. An error occurred at
file:///C:/Projects/testthis/testme/testmin.hilite, (1, 20).

This message and the
runtime error will occur if
you forget to include a
<ProjectPath> element in
the .hilite file.

HILIiTE.log will show the
same error.

[ERROR] *** Validation Error *** : The required attribute '‘commentChars' is
missing. An error occurred at file:///C:/HILITE/ models/example.hilite, (9, 5).

Both the command window
and the HILITE.log will
show a similar message if
the <ColumnSpec>
element is missing one or
more attributes. In this
case, the element did not
include commentChar,
delimiters, or TitleLines. If
only one attribute is
missing, it will be named in
the message.
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Message/Indicator

Problem/Explanation

ERROR: Could not find ColumnSpec named CombinedRangeDataType ...
skipping file C:\AADocuments\HIiLiTE\models\Req_Symbols_1-10.csv

The [ERROR] message is
displayed in both the
command window and the
HILIiTE.log if you fail to
include column
specifications, but did
include a <SymbolFile>
element.

ERROR:.\example01.mdl could not be processed because it cannot be
found... skipping

This message indicates
that HIiLiTE could not find
the model you named in
the <Model> element.
Make sure the spelling is
correct and that the model
is in the project path.

ERROR: cycle is trying to run from both ends: an input port already in
masterPRSL as an attached Port

This message usually
indicates a flaw in the
model design, but may
show up for other reasons.
The error will prevent tests
from being generated.

ERROR: Block divide: Divide by zero possible since Max possible range on
denominator can not be determined

This message describes a
problem in the model.
Make sure division blocks
don't allow 0 as a
denominator. Use a range
file and allowmin and
allowmax columns to
provide range constraints.

WARN: Port simpleDelay1.01: forward propagated operating range [-
192.073170731707,192.073170731707] is larger than estimated (or
specified) range [-75,75].

Ignore warning since this is perhaps a counter pattern; keeping the
estimated (or specified) range.

If the MATLAB model
includes a loop, you can
ignore this message. It
indicates that range
bounds cannot be
established at any point of
the loop. In fact, they do
not need to be accurately
established since this is
just an intermediate point
in the model and the
bound here is not a “hard”
bound but a “typical” one.

ERROR: Untestable condition input on Block: notl: in port 1; value is
always 0

ERROR: Deactivated Block: notl: output is always True

These messages all
indicate design errors in
which signals are stuck at
specific values, giving the
model dead logic. You
must fix the MATLAB
model.

ERROR: Exception in InterpretTemplateToCode():
Exception: System.ComponentModel.Win32Exception
Message: The system cannot find the file specified

This message occurs
when you try to generate
test harness vectors and
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Message/Indicator Problem/Explanation

Source: System perl is not installed.

at System.Diagnostics.Process.StartWithCreateProcess(ProcessStartinfo
startinfo)

at System.Diagnostics.Process.Start()

at HiLiTE.JUTtilities.OSUtilities.exec(String exeName, String args)

at
HILIiTE.SimulinkCodeGen.CodeGenEngine.GenerateModelCode(IDictionary
sFChartSymbols, Boolean generateCode)

[ERROR] Exception: HiLiTE.Utilities.ApplicationTimeoutException When this happens,
Message: Model ELEV_PFLDT_CONTROLLER will take more than 7200 HILITE aborts to avoid a
seconds to complete potential infinite loop. The

consequence of this is that
you may get partial or no
output.

You can lengthen the
timeout value by changing
the value of the MaxTime
Option in the
TestGenLimits OptionSet
in the .hilite file. Specify
the max amount of run
time allowed per model in
seconds. If you remove or
comment out this Option,
there will be a default time
limit of 3600 seconds

[ERROR] Exception processing current model at This ERROR message

HiLiTE.ModelBase.InputPort.GetLink(LinkCharacteristics Itype) occurs when there is a
space at the beginning of

Exception: HILITE.ModelBase.PortLinkAssociationException the input port name.

just removed the space
and HiliTE will work.

[ERROR] Unable to evaluate block formula... This ERROR message
occurs when unsupported
Template Formula
Language (TFL) is used for
a block. See Section 10.6.

When Starting a Command file, HILITE Installs

If the HILIiTE blocks and templates data (%HILITE_HOME% \Data\HiLiTEBIlocks.xml) is missing or
has been renamed, HiLiTE will re-install it when you try to run a command file. When you double-click a
ilite file, an installation progress window appears. Allow the installation to proceed. When the progress
bar is complete, the dialog will close and the command window will be displayed. HiLiTE will run the
requested command and model.

Reinstallation will occur if you have deleted, renamed, or moved the HiLiTE database. If you carried out
any of these actions inadvertently and had made changes to templates, you may want to recover the
deleted, modified, or moved database.
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Running Multiple Instances of HiLiTE/Appender Error

If you have not completed a HiLiTE run and attempt to run another instance of HiLiTE, you will get an
error message similar to:

log4net:ERROR [FileAppender] OpenFile(C:\Program Files\HiLiTE\bin\HiLiTE.log,False)
call failed.

System. 10.10Exception: The process cannot access the file "C:\Program
Files\HiLiTE\bin\HILiTE.log" because it is being used by another process.

You are most likely to get this error if you minimize the command window after starting HiLiTE and
forget to close it before re-executing.

e After running HiLiTE from a file browser (double-clicking a .hilite file), be sure to close the
command window from which it ran.

o If you start HiLiTE by executing the HiLiTE command in a command window (e.qg. hilite
mymodel.xml), be sure an empty command prompt (e.g. c:\hilitemodels\ > ) is the last displayed
line in the window before executing the command again in another window.

HiLITE.log is Missing

If, after you run a .hilite file you cannot find the file hilite.log in your %HILITE_HOME% \bin directory,
the file hilite.exe.config probably requires editing. To reconfigure HiLiTE so it creates a log file:

Open .\ %HILITE_HOME%\bin\hilite.exe.config in a text editor.

Find the line (approximately line 54):
<I-- Setup the root category, add the appenders and set the default priority -->

The following section is a <root> element which should look something like this:

<root>
<priority value="WARN" />
<appender-ref ref="LogFileAppender" />
<I--<appender-ref ref="ConsoleAppender" />-->
</root>

This sub-element/attribute combination <appender-ref ref="LogFileAppender" /> creates the
hilite.log file.

o Ifitis missing from your .config file, type it in after the <priority> element.

o Ifitis commented out (the line begins <!--and ends -->), remove the comment symbols.

o If the line is present and not commented out, contact HiLiTE technical support.

Note: the element <appender-ref ref="ConsoleAppender" /> configures HiLiTE to display all logging
information in the command window. It is usually commented out, but you can remove the comment
marks to see the information as you run HiLiTE.

Duplicate State Machine and Model Names

Don’t name the state machine with the same name as the model file. When you run HILITE, it creates a
model-level file that uses the model file name. Each state machine results in a file using the name of the
state machine.

HiLIiTE cannot start MATLAB

If HILIiTE consistently shows that it cannot find a MATLAB license, especially when you are able to start
MATLAB outside of HILITE, the MATLABEnNgine.dll may not have registered. Try registering
%HILITE_HOME%\Build\bin\MATLABEnNgine.dll
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1. Right click on the file name and select Open with... from the context menu. Windows displays a
message warning you that this is a file used by the operating system.

Click the Open With button. The next dialog says that Windows can’t open the file.
Click the option button for “Select the program from a list,” then click OK.

In the next dialog, the first item should be Microsoft Register Server. Select this and click OK. If
the registration works, Windows will display a confirmation message.
If you get an error message, call HiLiTE technical support.

If the dll is registered, it’s possible that more users are accessing MATLAB than your facility has licenses
for. You can add a parameter to your command file to automatically retry MATLAB access. See the
maxRetries attribute of the <HILiTEMgmt> element in Appendix H.

Can’t Access MATLABENgine.dll

While the .msi installer will properly install the matlabengine.dll for most users, we have reports that this
doesn’t happen completely on some machines.. The matlabengine.dll is an old style COM library, so it
needs to be registered with the system.

MATLABEnNgine.dll is located in the HILIiTE install directory. To manually register MATLABEnNgine.dll
with the system, run regsvr32 on it. One way to do this is to attempt to open the DLL. This will fail, but
when it does, you can select a program (\Windows\System32\regsvr32) to associate with the .DLL
extension. This will then apply regsvr32 to the DLL, registering it. You can also run regsvr32 from the
command line, giving the name of the DLL as a parameter.

If regsvr32 fails for some reason, consult the Microsoft MSDN website; start here:

Explanation of Regsvr32 Usage and Error Messages
(http://support.microsoft.com/XSLTH3128121123120121120120)

The following information is taken from that page:

Regsvr32.exe and Dependencies

RegSvr32.exe depends on the Kernel32.dll, User32.dll, and Ole32.dll files (and the Msvcrt.dll and
Advapi32.dll files in Windows NT). Regsvr32.exe loads the file you are trying to register or un-
register, along with all of its dependencies. The process may be unsuccessful if a required file is
missing or damaged.

You can use Depends.exe to determine dependencies for the file you are trying to register or un-
register. Depends.exe is included with the Microsoft Windows 98 Resource Kit and the Microsoft
Windows NT 4.0 Resource Kit support tools.

If dependencies are missing, you may not have installed all the HIiLiTE prerequisites.

See Section 1.2 Installation and Processing Requirements at the beginning of this guide for a complete
list. In particular, you may be missing the Microsoft .NET redistributable, the Visual J# redistributable, or
MATLAB. The Microsoft .NET redistributable should come installed as part of Windows XP, but it is not
part of the standard Windows 2000 install.

Initialization Errors

ERROR - Initialization failed - no query processed

Problems with MATLAB license may occur if you are using a shared license on a network that allows a
limited number of users at one time. If you have an individual license on the machine where you work,
this problem should not occur.
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If HILIiTE cannot obtain a MATLAB license when it tries to read a model, it will quit without generating
output. Note that you may get a MATLAB license and then fail to get a Simulink license (they are
separate). This will result in initialization errors, and again HiLiTE will stop without generating anything
useful.

While we have not received reports of failure to obtain a Stateflow license, this may also result in errors.

Problems after installing a new version of MATLAB

If you have installed a new version of MATLAB and retained the previous version, you may get errors
related to unregistered or wrongly registered dynamically link libraries (dll).

1. One possible solution is to register the newest version of MATLAB using a MATLAB command.
For example, to register MATLAB 7.1, r14,

Start the correct version of MATLAB (probably the shortcut on your desk top).

When you see a command prompt (>>), type (or copy and paste) this command:

cd([matlabroot "/bin/win32"])
Imatlab /regserver

MATLAB may generate a warning to the effect that “simulink.dll has the same name as a MATLAB
builtin. We suggest you rename the function to avoid a potential name conflict.” You can ignore this.
Try re-running HiLiTE.

If you still get registration or dll errors, call HiLiTE support.

Missing Libraries

This error occurs when HiLiTE cannot find the block libraries for a MATLAB model. If you try to
generate test procedures from models you received from elsewhere or that you moved to a new machine,
you may not have acquired libraries referenced by those models or may have placed them in the wrong
directory. For information about storing libraries, refer to the MATLAB documentation or contact the
person who supplied the models.

Garbled output or MATLAB crashes

In running a model, it is possible for race conditions to develop between a clock and the data inputs
associated with the clock. When running HILIiTE, such race conditions may show up either as garbled
output or when MATLAB crashes. If you suspect that race conditions are causing current problems, you
can enforce a delay using the HiLITEMgmt element with a raceDelayMS attribute. See Appendix H.

FAQ
I’m not getting the output I expect. What went wrong?

If you aren’t getting any output, or are getting a lot less output than you expect, the most likely cause is
that the models that aren't generating output are timing out before they finish running. If you look at the
log file or the console window when these run you will see a message like the following:

[ERROR] Exception: HIiLiTE.Utilities.ApplicationTimeoutException
Message: Model ELEV_PFLDT_CONTROLLER will take more than 7200 seconds to complete

When this happens, HiLiTE aborts to avoid a potential infinite loop. The consequence of this is that you
may get partial or no output.

You can lengthen the timeout value by changing the value of the MaxTime Option in the TestGenLimits
OptionSet in the .hilite file. Specify the max amount of run time allowed per model in seconds. If you
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remove or comment out this Option, there will be no timeout value - HiLiTE will continue to run to
completion.

I'm now working with the latest HiLiTE version and was looking for the support for the models
that make heavy use of busses. There is a script referred to (Buscreators.m) that does not appear to
be a part of the load I installed. Where is it?

All scripts are in the %HILITE_HOME%\Scripts directory.
Why didn’t HiLiTE generate a TPI filewhen | expected one?

If you specify whether test points are on or off (see information about option sets in Section 4, Table 2), it
will have an effect on the CTP output. By default, the test points are on. If you leave this default, but the
declarations file has no information about test points, then HiLiTE will not generate any tpi file. A special
case occurs if test points have siblings that are outputs; these test points will be ignored. If all test points
in the model are for outputs, then HiLiTE will ignore the declarations file and generate the tpi file.
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HiLiTE imports range information from production models, so in many cases you do not need to create or
specify separate range files. Range files, though are useful for experimentation, as you can easily change
range values in the files without changing the model. This appendix includes additional information about
modifying data that HiLiTE uses to generate tests and to perform model analysis. The items include:

e Instructions for creating range files (called by the <SymbolFile> element)

o Detailed explanation of universal data types and language independent representations used for
defaults and in system dictionary translations

e Instructions for creating header files
Data Types

HIiLiTE is language neutral; universal data types (UDTs) and language independent variables (LIR)
provide implementation-independent concepts that describe the most fundamental characteristics of data.

If you do not include a reference to symbol file in the command file, or if certain symbols are missing
from the referenced files, you can instruct HiLiTE to use default values. Default ranges are established for
UDTs and LIRs in the DefaultRange element described in the tables in Section 4.

Universallnteger—Positive or negative whole number of unlimited size.

UniversalReal—Positive or negative whole or decimal number of unlimited size. This data type will
support double datatype alone or both double and integer types.

UniversalBoolean—True or False

Language independent representations (LIRs) define the characteristics of a variable in a way that
takes machine characteristics into account without focusing on how a language specifies the type. For
HIiLIiTE, LIRs specify data kind and size. You can use them in symbol files to specify variable type. In a
command file, use them in the Translation variable of a <Column> element to translate information to
kind and size to effect range and accuracy (for example, translating a “flag” to Bool or a number type to
one that includes size limitation, such as Int64).
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The currently defined LIRs are:

Int64

Int32 All of these LIRs define integers. The number indicates maximum size
Int16 of the integer in number of bits. For example, Int32 can be any integer
Ints between -2 billion and +2 billion.

Uint64

Uint32 All of these LIRs define positive (unsigned) integers. The number
Ulnt16 indicates maximum size of the integer in number of bits. For example,
ulnts Ulnt32 can be any integer up to 4 billion.

Float64 Floating point numbers. Any real number up to the maximum size.
Float32

Bool 1 (true) or 0O (false)

Note: The “Langindep_" prefix may be included in data type names (see Figure 114), but the prefix
is not necessary (e.g. Langindep_Int64 is equivalent to Int64 alone).

Creating Range and Data Type Files

If a model does not include range information or if you want to test ranges different from those given in a
model, specify the information in a range file. Range information is imported into HiLiTE from an ASCII
range file based on descriptions given in <ColumnSpec> and <SymbolFile> elements in the command
file. ColumnSpec elements describe the format of the file containing the range/data type information.
<SymbolFile> elements indicate which files to read and which <ColumnSpec> to use when reading them.

If you are generating tests for multiple models, you can include all the range information for all models in
one file or you can specify multiple range files. If a symbol is defined more than once (either in the same
file or across different files), HiLiTE will use the last definition that it reads.

If HILITE cannot determine operating ranges, HIiLITE will generate a MissingSymbols.csv file
automatically for symbols whose operating ranges cannot be determined. This file is in a standard Range
file format and can simply be renamed, filled in, and referenced by the .hilite file.

Note: Not all symbols need defined ranges; for example, Boolean data is always 0 or 1, so Boolean
symbols do not need to be included in range files. All model inputs and certain outputs (in feedback
loops) need this information specified. If HILiTE needs range/data type information for a symbol that has
not been specified, the run log (HIiLIiTE.log) will show a warning or error. These problems should always
be corrected, as lack of this information can lead to failure to generate all needed test cases.

A simple way to make symbol files is to create them first in a spreadsheet program such as Excel, then
save the data to a .csv file.

Range and data type files:

e Must be in ASCII format

e May contain column titles and comment lines. All other lines must contain a symbol name in the
column indicated by the ColumnSpec used to read that file.

¢ Include the symbol name on each line (other than column titles and comments). Rows may also
contain the min and max values for the symbols, as well as the symbol’s fundamental data type
and language independent data representation.

e Can include more columns than you require for generating test procedures. Use the ColumnSpec
and Column elements to specify which columns HiLiTE will use from the command file. (For
information about these elements, refer to Section 4,
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Creating HiLiTE Command Files).

o Have columns delimited by commas, spaces, or tabs. For all delimiters except blanks, each
delimiter denotes the boundary between two columns. This means that multiple consecutive
delimiters indicate empty cells. Multiple consecutive blanks, however, are treated as a single
delimiter.

— If you want the ASCII file display with fixed column widths, use spaces to separate columns
rather than tabs. HIiLITE interprets any number of spaces as a single column delimiter. If you
separate columns with tabs, HiLiTE will interpret each tab as a separate column delimiter.

— Note: the delimiter must be specified in the associated ColumnSpec.

e Can include comments that HiLiTE will not process. HiLiTE will ignore all information in a row
that begins with a comment character. Select comment delimiters wisely; for example, # is often
used for a comment delimiter but it can also be a symbol for a unit of measure.

The left most column in a symbol file is column 0.

Figure 113 illustrates a very basic range file which is described in the HiLiTE command file with the
following column specification:

<I-- describe range file format -->
<ColumnSpec specName="0OpRangeOnly" delimiters="," commentChars=""#"
titleLines="1">
<Column name="symbol" col="0"/>
<Column name="opmin" col="1"/>
<Column name="opmax'" col="2"/>
</ColumnSpec>
<I-- specify file that contains normal operating ranges for this
model*s inputs -->
<SymbolFile fName="'StrangeSum_Ranges.csv' specName='"OpRangeOnly"' />
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E3 Microsoft Excel - StrangeSum_Ranges.csv [ZI[EI[‘S_TI
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Figure 113 - Basic Range File Containing Only Normal Operating Ranges

Figure 114 is an example of a file formatted for the following, more complex, column specification:

<ColumnSpec specName="CombinedRangeDataType” delimiters=","
commentChars="#" titleLines="1">

<Collumn
<Column
<Column
<Column
<Column
</ColumnSp

name="symbol * col="0" />
name="min" col="1" />
name="max" col="3" />
name="utype” col="4" />
name="1ir" col="5" />
ec>

<SymbolFile fName="Symbols-RangeType.csv"
specName="CombinedRangeDataType™ />
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E3 Microsoft Excel - Symbols-RangeType.csv
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Figure 114 - Example File Containing Range and Data Type Information
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Naming Variables in Symbol Files

Variable names can represent model inputs, outputs, and intermediate signals inside the models.
Additionally, a variable can be a vector comprised of an array of elements. The symbol file variable
naming specification allows you to name all of these variable types.

Model inputs and outputs. These variable names consist of a single identifier (see Figure 113 and Figure
114)

Intermediate signal in a model. Intermediate signals are typically used to specify data types or ranges
for variables within feedback loops.The variable name uniquely identifies a signal within a model as an

output of a block using this format:
<model-name>/<block-hierarchical-name-within-model>.outputPortName

Vector variables. A model input, output, or intermediate signal can be a vector; the range for each vector
element can be specified independently in a range file. The syntax is a C-style array notation for symbol
name using a zero-based index as shown in this example:

s

_ﬂ = - * \ectorlnputsFeedbackloopRanges.csv .} - = X
ij;’l Home | Insert | Page || Forme | Data | Reviev | View | Add-Ir | Get Stl'-@ - B X
A3 v Jx | #a scalar range ¥
A B C D E
1 #operating ranges of vectorized signals
2 |#symbol op min  op max
3 Sum_Vector In1[0] ] 1
4 |Sum_Vector In1[1] 10 11
5 |Sum_Vector Inl1[2] 20 21 A
6 Sum_Vector In2[0] 100 101 1
7 Sum_Vector In2[1] 200 201
8 Sum Vector In2[2] 300 o
9 |#35calarrar1ge !
10 Counter_Scalar_Inl 11 21
11 # feedback loop vector range
12 myModel/simpleDelayVec.Qutput[0] 100 200
13 myModel/simpleDelayVec.Qutput[1] 200 300
14 |myModel/simpleDelayVec.Qutput[2] 300 400
15
4 4 » M| VectorInputsFeedbacklLoopRanges 1. . [WH |
| Ready Lﬁlﬁl | 2003 (=)

Figure 115. Examples of Vector Ranges
Notes on vector range format.

1. Inthe symbol file, the vector symbol names must appear in strict ascending numerical order of
the vector index; otherwise error messages will be raised by HILiTE. Note that sorting in
alphabetical ascending order in Excel may not achieve this desired numerical order.

2. The number of vector indices specified in the symbol file must be exactly equal to the dimension
of the variable in the model.
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3. The vector index is zero-based.
4. A scalar symbol format can alternatively be specified for a vector variable (i.e., without the ‘[x]’
notation). In this case, the same range is applied to all vector elements.
Including Unique Identifiers in the Range File

HiLIiTE extracts unique-identifier information (if present) from a symbol file and reports it in the Status
Report file. The unique identifier is optional and can be in any line of the symbol (.csv) file, provided
special formatting is observed. Two formats are supported:

Format 1: Contents of the line must be in the following format: [SymbolFile_GUID_Fmtl_15]

#<any-text>Uniqueldentifier,<unique-identifier-string>,<any-text>
(where Uniqueldentifier is a keyword and ‘#’ “,” are delimiters)

A | B | 8 | b | E | F

1 |#MOTE: the purpose of this file is to test the whether HILITE reports the unique 1D correctly
2 |# the symbal names used may not apply to any model

3 |# operating ranges of model inputs

4 |# symbol 0p min op max

5 |symbolnamel 11 21

B |# Unigueldentifier  UniguelD_011 this line has unigue id

7 |symbolname? 11 21_

g

Format 2: Contents of the line must be in the following format: [SymbolFile_ GUID_Fmt2_16]

<any-text>{<guid-string>}<any-text>,GUID, <any-text>

& | B | ¢ | o | E | F

1 |#MNOTE: the purpose of this file is to test the whether HILITE reports the GUID correctly
2 |# the symbol names used may not apply to any model
3 |#Mame DataType MinRange MaxRange Producerhodel
4 |inputname’ float32 10 20 unknown
5 |inputnamez float32 ] 10 unknowh
# the following line has GUID
F51DF C3B-21C5-4423-ABCE-C20DE1 FDDAIFT GUID 1] 0 na

Notes on formats:

Keywords: Uniqueldentifier, GUID
Delimiters: ‘#’, ‘{’, ‘},

delimiters cannot be used within <unique-identifier-string> and <guid-string>
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Appendix C. Reporting Problems
and Enhancement Requests

If you encounter problems that are not covered by the current HiLiTE Release Notes or elsewhere in this
User Guide, report them to the HiLiTE management using the JIRA tracking system. You can also use
this system to suggest upgrades and enhancements for HiLiTE. Using this system gives you a forum for
influencing HILIiTE development, ensures that HiLiTE developers can refer to permanent records of your
concerns, and lets you track progress in addressing those concerns.

The JIRA system is administered at the Honeywell Aerospace level and can be accessed at the following
URL:

https://jira.honeywell.com/jira/secure/Dashboard.jspa
After entering the JIRA system, please access the project: Aero-SysSW-HILITE-Support.
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Appendix D. Test Generation Objectives

The goal of testing is, of course, to make sure the thing tested works as intended. The key, therefore, is
determining what was intended. While modeling in general is all about focusing on intent, many features
of modeling tools such as Simulink and Stateflow, aren’t usable unless the model includes a lot of detail.
At this point, intent and implementation get intermingled.

HiLIiTE is a requirements-template based testing tool. It is designed to verify that object code complies
with requirements of the model. Current testing tools generate tests at the low-level design details of the
model, which can provide good structural code coverage but are inadequate for testing the data and
control coupling incident upon each block If subtle errors occur in the lowest-level details of the model, a
low-level based test will not detect it, but a requirements template-based test will.

HIiLiTE may not generate all needed tests in all situations. It will do its best, but it is always possible that
the model will contain block combinations that are inherently un-testable or too convoluted for HiLIiTE to
handle. While HiLiTE will generate a high percentage of the tests requested, it may not generate some.
HiLiTE generates a status report that lists the tests it didn’t generate (and why—if it knows) so you can
determine if those tests can be created manually.
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Appendix D Test Generation Objectives

Automated Model-Based Test Generation

Model-based test generation is a top-down approach that relies on test case templates at the library block
level. The templates ensure that tests adhere to the “requirements-contract” of the library block such that
all the data control couplings of the block instance in the object code can be tested according to this
contract. It avoids using low-level design details of library-blocks to be sure that detailed design/imple-
mentation errors can be detected.

This type of testing can automatically detect patterns of blocks in specific combinations and feedback
loops and apply a template to the entire pattern. Pattern detection makes it possible to test the intent
embedded in the design: counters, memory switches, timer feedbacks.

Test case templates can be defined at any subsystem level. The designer supplies a template (with
multiple steps), identifying the subsystem by its hierarchy name or mask. The testing tool then figures out
the time sequence of model inputs and expected outputs to simulate the embedded subsystem with its
template.

HIiLITE Test Generation

HiLITE test generation applies requirements-based test case templates at the library block level and to
block combination patterns such as feedback loops, strobes, counters, etc. The test generation has three
goals.

o HiLIiTE verifies that object-code complies with requirements in the model normal-range test cases
and all functional operation. To do this, HiLIiTE:

— verifies that each library block instance behaves as it is intended. Testing the block-library in
MATLAB and SCV help part of this objective. HiLiTE test generation helps further by
testing each block instance with its specific parameters and in its embedding context (e.g. of
feedback loops). It tests each time-dependent block in context through multiple steps: e.g. test
a filter’s response to 5 * Tau; cycle through a timer.

— verifies data/control coupling among the blocks and block combinations. It tests correct
operation of arithmetic and Boolean expressions and control/data coupling through local and
global variables.

o HIiLIiTE verifies that object-code is “robust” with requirements in the model abnormal-range
(robustness) test cases, anomalies (e.g. stuck at values, dead blocks, divide by zero, logic/math
conflicts). It verifies robustness through block-level test templates are based upon both operating
and maximum possible ranges and tests at boundaries and for max possible ranges; force
overflow; and absence of divide-by-zero.

e HIiLIiTE achieves structural coverage of the generated code (including mc/dc) by applying the
library-block level requirements-based templates on each instance of an embedded block.
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HIiLITE Test Generation

DO-178B Objectives Satisfied using HILITE

Using HILITE helps you meet DO-178 certification requirements:

o A-6.3 Verify low-level requirements are fully satisfied by the executable object code
o A-6.4 Verify executable object code is robust with low-level requirements.

o Levels A &B: independence of test generation is required from the implementation path of low-level
requirements.

e 6.4.2 “Functionally test each time-dependent block in context thru multiple frames” e.qg. test a filter’s
response to 5 * Tau; cycle through a time.
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Appendix E. HILITE Support for Block Libraries
and MATLAB Versions

Note: Please refer to Release Notes of a particular HILITE release to see open issues and limitations.
Please refer to a specific Tool Qualification Accomplishment summary for information on which version
is qualified and its open issues and limitations.

HAM and MATLAB Versions Supported

HiLiTE currently supports following versions of HAM:
e HAM 5 Release 6, MATLAB Simulink/Stateflow Release R14SP3

¢ HAM 6 Release 1, MATLAB Simulink/Stateflow Release R2007a
e HAM 5 Release 7, MATLAB Simulink/Stateflow Release R14SP3
¢ HAM 5 Release 8, MATLAB Simulink/Stateflow Release R14SP3

Block Libraries Supported
Please refer to Section 4.2 for details of the command options.

HiLiTE supports HAM, CCC, and Boeing block libraries that are mapped as CCCMapping.xml,
HAMMapping.xml, and BoeingMapping.xml in the %HiLiTE_HOME%\Block Libraries. Use the tables
below to find the names of corresponding HILiTE block types as given in the Template Manager.

HAM: The HAM block library of the HAM version being used is supported. Include the following
specification in .hilite command files:
<Extension>HAM</Extension>

The following list of HAM blocks are supported by HIiLIiTE.
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Table 18. HAM Library Blocks Supported by HIiLiTE

HAM Block Name

HAM Block Mask Type

HILITE Block Type Name

1-D Look-Up Table Look-Up Table (HW) TablelD

Absolute Value Absolute Value (HW) Abs

AND And (HW) And

Angle Summation Angle Sum (HW) SumAngle

ArcCosine ArcCosine (HW) TrigonometricFunction
ArcSine ArcSine (HW) TrigonometricFunction
ArcTangent ArcTangent (HW) TrigonometricFunction
ArcTangent 2 ArcTangent2 (HW) ArcTan2

ARINC429 Rx Decode

ARINC429 Rx Decode (HW)

ARINC429RxDecode

ARINC429 Tx Encode

ARINC429 Tx Encode (HW)

ARINC429TxEncode

Asymmetrical Limiter Asymmetric Limit (HW) RangeLimitFixed
élsayémmetrlcal Limiter with Limiter Hold (HW) RangeLimitFixedWithFlag
Average Average (HW) Average

Bit Shift Bit Shift (HW) BitShift

Bit Unpack Bit Unpack (HW) BitOr

Bitwise AND Bitwise And (HW) BitAnd1

Bitwise AND 2 Bitwise And 2 (HW) BitAndMulti

Bus Creator BusCreator (HW) Mux

Bus Selector BusSelector (HW) BusSelector

Ceiling Ceiling (HW) Rounding

Confirm OFF Confirm OFF (HW) TimerFixed

Confirm ON Confirm ON (HW) TimerFixed

Constant Constant (HW) Constant

Convert Float-to-U32 Conv Float to U32 (HW) U32ToFloat

Convert U32-to-Float Conv U32 to Float (HW) U32ToFloat

Cosine Cosine (HW) TrigonometricFunction

Data Comparison

Data Compare (HW)

RelationalDataCompare

Dead Band Deadband (HW) Deadband

Dead Zone Deadzone (HW) Deadzone
Debounce Debounce (HW) DebounceFixed
Decoder Decoder (HW) Decoder
Demultiplexer Demux (HW) Demux

Divide Divide (HW) Divide

Enable Enable (HW) Enable

Encoder Encoder (HW) Encoder

Equal To Equal To (HW) RelationalOperator
Exponential Exponential (HW) MathFunctionUnary
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HAM Block Name

HAM Block Mask Type

HILITE Block Type Name

Fader Fader (HW) Fader

Falling Edge One-Shot Falling Edge One-Shot (HW) OneShotFallingHoldFixed
Fix Fix (HW) Rounding

Floor Floor (HW) Rounding

Frame Delay Frame Delay (HW) UnitDelayReset

From From (HW) From

Gain Gain (HW) Gain

Goto Goto (HW) Goto

Greater Than

Greater Than (HW)

RelationalOperator

Greater Than or Equal To

Greater Than or Equal (HW)

RelationalOperator

Ground Ground (HW) Constant

Initial Condition Trigger Initial Condition Trigger (HW) InitialConditionTrigger
Inport Inport (HW) Inport

Lag Filter Lag Filter (HW) LagFilterFixedTau

Lead-Lag Filter

Lead Lag Filter (HW)

LeadLagFilterFixedTau

Less Than

Less Than (HW)

RelationalOperator

Less Than or Equal To

Less Than or Equal (HW)

RelationalOperator

Linked Model Revision Linked Model Revision (HW) DocBlock
Look-Up Table (2-D) Look-Up Table 2-D (HW) Table2D
Look-Up Table (3-D) Look-Up Table 3-D (HW) Table3D

Look-Up Table N-D

Look-Up Table N-D (HW)

NdTable2 NdTable3

Look-Up Table Pre-Index

Look-Up Table Prelndex (HW)

PrelndexTable

Matrix Selector

Matrix Selector (HW)

MatrixSelector

Maximum Value Maximum (HW) Max
Minimum Value Minimum (HW) Min
Modulus Modulus (HW) Modulus
Multiplexer Mux (HW) Mux
Multiport Switch Multiport Switch (HW) MultiPortSwitch
NAND Nand (HW) NAND
Non-Multiplexed Selector | Non-Mux Selector (HW) PortSelector
NOR Nor (HW) NOR
NOT Not (HW) NOT
Not Equal To Not Equal To (HW) RelationalOperator
OR Or (HW) OR
Outport Outport (HW) Outport
Power Power (HW) Power
Product Product (HW) Product
Quadratic Filter Quadratic Filter (HW) QuadFilter
Register Register (HW) Register
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HAM Block Name

HAM Block Mask Type

HILITE Block Type Name

Relay

Relay (HW)

HysterisisFixed

Reset Integrator

Reset Integrator (HW)

IntegratorReset

Reset Lead-Lag Filter

Reset Lead Lag Filter (HW)

LeadLagFilterFixedTauResetVal

Reset Variable
Asymmetrically Limited
Integrator

Limited Reset Integrator (HW)

IntegratorResetLimited

Reset-Hold Variable
Asymmetrically Limited
Integrator

Limited Reset Hold Integrator (HW)

IntegratorResetLimitedHold

Revision Revision (HW) DocBlock

Rising Edge One-Shot Rising Edge One-Shot (HW) OneShotRisingHoldFixed
Round Round (HW) Rounding

Sample and Hold Sample And Hold (HW) SampleAndHold

Sample Time Sample Time (HW) Constant

Scheduler Scheduler (HW) RangeLimitAdjScaled
Selector Mux Selector (HW) PortSelector

Set-Reset Flip-Flop SR Flip Flop (HW) SRFlipFlop

Set-Reset Latch Set-Reset Latch (HW) LatchResetDom

Sign Sign (HW) Signum

Sign Comparison

Sign Comparison (HW)

RelationalSignCompare

Signal Conversion

Signal Conversion (HW)

SignalConvert

Simple Delay Simple Delay (HW) UnitDelay

Simple Integrator Simple Integrator (HW) IntegratorSimple

Sine Sine (HW) TrigonometricFunction
Sliding Window Sliding Debounce (HW) DebouncesSliding
Debounce

Square Root

Square Root (HW)

SquareRoot

StimulateBoolean

Stimulate Boolean (HW)

StimulateBoolean

StimulateNumeric

Stimulate Numeric (HW)

StimulateNumeric

Subsystem Subsystem (HW) GenericSubsystem
Subsystem Revision Subsystem Revision (HW) DocBlock

Summation Sum (HW) Sum

Switch Switch (HW) Switch1S0

Switched Fader Switched Fader (HW) FaderSwitched
Symmetrical Rate Limiter | Symmetrical Rate Limiter (HW) RateLimitFixed
Tangent Tangent (HW) TrigonometricFunction
Tangent (Hyperbolic) Tangent Hyperbolic (HW) TrigonometricFunction
Terminator Terminator (HW) Terminator

Test Point Test Point (HW) TestPoint

Transpose Transpose (HW) Transpose
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HAM Block Name

HAM Block Mask Type

HILITE Block Type Name

Typecast

Typecast (HW)

DataTypeConversion

Variable Asymmetrical
Limiter

Variable Asymmetrical Limit (HW)

RangeLimitAdjVar

Variable Asymmetrical
Rate Limiter

Variable Rate Limiter (HW)

RateLimitAdjResetResetVal

Variable Confirm

Variable Confirm (HW)

ConfirmVval

Variable Lead-Lag Filter

Variable Lead Lag Filter (HW)

LeadLagFiltervVarTau

Variable Limiter Flag

Variable Limiter Flag (HW)

RangeLimitvVarWithFlag

Variable Reset Debounce

Variable Reset Debounce (HW)

DebounceVariableReset

Variable Reset Lag Filter

Variable Reset Lag Filter (HW)

LagFiltervarTauResetVal

Variable Reset Washout
Filter

Variable Reset Washout Filter (HW)

WashoutFilterVarTauResetVal

vectorAssignment

Vector Assignment (HW)

VectorAssignment

Vector Selector

Vector Selector (HW)

VectorSelector

Washout Filter

Washout Filter (HW)

WashoutFilterFixedTau

XOR

Xor (HW)

XOR

CCC: The CCC Block Library is supported. Include the following specification in .hilite command files,
which automatically implies the use of HAM block library:

<Extension>CCC/Extension>

HILIiTE supports the following CCC blocks without limitations.
Table 19. CCC Library Blocks Supported by HIiLiTE

CCC Block Name

Mask Type

HILITE Block Type

Comparitor with Hysteresis
Block

CCC Comparitor Hysteresis (HW)

HysterisisComparitor

Comparitor with Hysteresis SF

Block

(HW)

CCC SFcn Comparitor Hysteresis

HysterisisComparitor

Confirm ON SF Block

CCC SFcn Confirm ON (HW)

TimerFixed_CCC

Differentiator (Rectangular
Implementation) Block

CCC Differentiator Rectangular (HW)

DifferentiatorResetLimited

Lag Filter Block

CCC Lag Rect (HW)

LagFiltervarTauP20

Lead-Lag Filter Block

CCC Lead Lag Rect (HW)

LeadLagFilterVarTauRectCCC

One Shot Block

CCC OneShot (HW)

OneShotHoldAdj

Range Limit Block

CCC Range Limit (HW)

RangeLimitAdjVar

Rate Limit Block

CCC Rate Limit (HW)

RateLimitAdjResetResetValEx

Selector Switch

CCC Selector Switch (HW)

MultiPortSwitchSelectorSwitch

Simple Differentiator Differentiator
(Rectangular Implementation) CCC Simple Differentiator Rect (HW)

Block

Simple Switch Block CCC Simple Switch (HW) Switch1S0
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CCC Block Name Mask Type HILITE Block Type
Track Hold Block CCC Track Hold (HW) SampleAndHoldP20
Track Hold SF Block CCC SFcn Track Hold (HW) SampleAndHoldP20

Up-Down Rate Timer Block CCC Up Down Rate Timer (HW) BidirectionalVariableConfirm

Up-Down Timer Block CCC Up Down Timer (HW) UpDownTimer

Variable Confirm SF Block CCC SFcn Variable Confirm (HW) TimerAdj_CCC

CCC SFcn Variable Reset Debounce | DebounceVariableReset CCC

Variable Debounce SF Block

(HW)
Variable Timer Block CCC Variable Timer (HW) TimerAdjReset
Window Block CCC Window (HW) RangeLimitAdjFlagOnly

Boeing: The Boeing 787 Flight Controls library is supported. Include the following specification in .hilite
command files, which automatically implies the use of HAM block library:

<Extension>Boeing</Extension>

The following list of Boeing blocks are supported by HiLIiTE.
Table 20. Boeing Library Blocks Supported by HiLiTE

Block Name

Mask Type

HIiLiTE Block Name

amxovbpx

Boeing A-Minus-X-Over-B-Plus-X (HW)

PolynomialRatio

andPlusDelay

Boeing andPlusDelay (HW)

AndDelay

angle_remainder

Boeing Angle Remainder (HW)

NormalizeDeg_PlusMinus360

aovbpx Boeing A-Over-B-Plus-X (HW) PolynomialRatio
apbovx Boeing A-Plus-B-Over-X (HW) PolynomialRatio
apxovbpx Boeing A-Plus-X-Over-B-Plus-X (HW) PolynomialRatio

ArcSine_Degrees

Boeing Arcsine to Degrees (HW)

TrigonometricFunction

AvgWPV

Boeing Average with Past Value (HW)

AvgWPastValueReset

BackwardDifference

Boeing Backward Difference Integrator
(HW)

IntegratorResetBoeing

BackwardDifference_Po
sitionLimited

Boeing Backward Difference - Position
Limited Integrator (HW)

IntegratorResetLimitedBoeing

Cosine_Degrees

Boeing Cosine of Degrees (HW)

TrigonometricFunction

DeadZone_Asymmetric

Boeing Asymmetric Dead Zone (HW)

DeadZoneAsymmetric

DeadZone_Symmetric

Boeing Symmetric Dead Zone (HW)

DeadZoneSymmetric

Differentiator

Boeing Differentiator (HW)

DifferentiatorReset

EdgeDetector

Boeing Edge Detector (HW)

OneShotBothEdgeReset

EdgeDetector_Leading

Boeing Leading Edge Detector (HW)

OneShotRisingReset

EdgeDetector_Trailing

Boeing Trailing Edge Detector (HW)

OneShotFallingReset

eqlz

Boeing eqlz (HW)

Equalizelntegrator

ExpTimeConstant

Boeing Exponential Time Constant
(HW)

ExpTimeConstant

FilterlstOrder_Tustin

Boeing 1st Order Tustin (HW)

LeadLagFilterTustinlstOrderRese
t
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Block Name

Mask Type

HiLiTE Block Name

Filter2ndOrder_Tustin

Boeing 2nd Order Tustin Filter (HW)

LeadLagFilterTustin2ndOrderRes
et

Filter2ndOrder_Tustin_R
ecalc

Boeing 2nd Order Tustin Filter Recalc
(HW)

LeadLagFilterTustin2ndOrderRes
etRecalc

hgcon_five AFC hgcon_five (HW) HGCon

hgcon_four AFC hgcon_four (HW) HGCon

hgcon_two AFC hgcon_two (HW) HGCon

HoldOutput Boeing Hold Output (HW) SampleAndHoldReset
Hysteresis Boeing Hysteresis (HW) HysteresisBoeing

integ_cs_filter

AFC Integrator with Coast-Skip Reset
with out Hold Output (HW)

IntegratorCoastSkipReset

integ_cs_filter_hld

AFC Integrator with Coast-Skip Reset
with Hold Output (HW)

IntegratorCoastSkipResetHoldOut

Lag_ZTrans

Boeing Lag Z Transform (HW)

LagFilterZTransResetVal

Lag_ZTrans_reCalc

Boeing Lag Z Transform reCalc (HW)

LagFilterVarTauZTransResetVal

Lag_ZTransFreeze

Boeing Lag Z Transform reCalc with
Freeze (HW)

LagFilterVarTauZTransHoldReset
Val

Lag_ZTransFreezePosLi
mits

Boeing Lag Z Transform with Freeze
and Position Limits (HW)

LagFilterZTransResetValLimFree
ze

Lag_ZTransPosLimits

Boeing Lag Z Transform with Position
Limits (HW)

LagFilterZTransResetValLim

Lag_ZTransRateLimits

Boeing Lag Z Transform with Rate
Limits (HW)

LagFilterZTransResetValRateLim

Lag_ZTransRateLimits_r
eCalc

Boeing Lag Z Transform with Rate
Limits reCalc (HW)

LagFilterVarTauZTransResetValR
ateLim

Lag_ZTransRateOut

Boeing Lag Z Transform with Rate
Output (HW)

LagFilterZTransResetValRateOut

LaglstOrder_Rectangul
ar

Boeing Lag 1st Order Rectangular (HW)

LagFilter1stOrderRectResetFrinp
ut

LaglstOrder_Tustin

Boeing Lag 1st Order Tustin (HW)

LagFilterFixedTaulstOrderReset
Val

LaglstOrder_Tustin_Re
calc

Boeing Lag 1st Order Tustin Recalc
(HW)

LagFilterVarTaulstOrderResetVal

Latch_ROS

Boeing Reset Over Set Latch (HW)

LatchResetDomiInit

Latch_SOR

Boeing Set Over Reset Latch (HW)

LatchSetDomInit

loc_logic_two

AFC loc_logic_two (HW)

loc_logic_two

master_sel_and_hid

AFC Master Select and Hold (HW)

PrioritySwitchResetHold

pfc_doff

PFC Time Delay Off (HW)

TimerAdjResetInitMode_DelayTru
eFalse

pfc_don PFC Time Delay On (HW) TimerAdjResetInitMode_DelayTru
eFalse
pfc_intg PFC Integrator (HW) SecondOrderintegrator
pfc_lag_r_p PFC Lag Filter with Rate and Position LagFilterVarTaulstOrderResetVal
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Block Name

Mask Type

HiLiTE Block Name

Limiting (HW)

RLimPLim

pfc_latchsor

PFC Latch SOR (HW)

LatchSetDomlInitVal

pfc Idlg r p PFC Lead-Lag Filter with Rate and LeadLagFiltervVarTaulstOrderRes
Position Limits (HW) etValRLimPLim

pfc_lhys PFC Logical Hysteresis (HW) HysterisisVarMidBwReset

pfc_mdyr PFC Frame Delay (HW) MultiFrameDelayResetVal

pfc_mfrm_delonoff

PFC Multiple Frame Delay On and Off
(HW)

DebounceVarNumStepsResetVal

pfc_onof PFC Delay On and Off (HW) DebounceVariableResetVal
pfc_scmx PFC Surface Command Mixer (HW) SurfaceCommandMixerSym
pfc_scmxal PFC Surface Command Mixer with SurfaceCommandMixerAsym
Asymmetric Limits (HW)
pfc_tfs PFC Transient Free Switch with TFSConstantinputs
Constant Inputs (HW)
pfc_tfsch PFC Transient Free Switch - Constant TFSConstantHold

and Hold (HW)

pfc_washout

PFC Tustin Washout Filter (HW)

WashoutFilterTustinResetVal

pfc_washout_r_p

PFC Washout Filter with Rate and
Position Limiting (HW)

WashoutFilterRatePosLim

Rate_Asymmetric

Boeing Asymmetric Rate Limit (HW)

RateLimitAdjResetResetVal_Boei
ng

Rate_Symmetric

Boeing Symmetric Rate Limiter (HW)

RateLimitAdjSymmResetResetVa
I

ResolveAngle_PlusMinu

Boeing ResolveAngle_PlusMinus180

NormalizeDeg_PlusMinus180

s180 (HW)

Safe_Divide Boeing Safe_Divide (HW) IsSafeDivide
Safe_Reciprocal Boeing Safe_Reciprocal (HW) Reciprocal
SignOfReal Boeing Sign of Real (HW) Signum

Sine_Degrees

Boeing Sine of Degrees (HW)

TrigonometricFunction

sof

AFC sof (HW)

HGCon

Switch_3Position

Boeing 3-Position Switch (HW)

SwitchCascaded3Pos

switch_midval

AFC Switched Mid-Value Select (HW)

MidValueSelectAFCSwitched

Tan_Degrees

Boeing Tangent of Degrees (HW)

TrigonometricFunction

threshold

AFC Threshold (HW)

Threshold

TimeDelay False

Boeing Time Delay to False (HW)

TimerAdjResetInitMode

TimeDelay OnOff

Boeing TimeDelayOnOff (HW)

DebounceVariableResetSymm

TimeDelay True

Boeing Time Delay to True (HW)

TimerAdjResetInitMode

trans_suppress

AFC Transient Suppressor with Tustin
Filter (HW)

TransientSuppressWTustinFilter

TransferOfSign Boeing SignFunc (HW) TransferOfSign
TransportLagReal Boeing Transport Lag Real (HW) TransportLag
Trapezoidal Boeing Trapezoidal Integrator (HW) IntegratorResetBoeing
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Block Name

Mask Type

HiLiTE Block Name

Trapezoidal _PositionLim
ited

Boeing Trapezoidal - Position Limited
Integrator (HW)

IntegratorResetLimitedBoeing

TrapezoidPLTDSFDP.m
dl

Trapezoidal - Position Limited Integrator
DP (HW)

IntegratorResetLimitedBoeing

turn_dir_cmd AFC Turn Direction Command (HW) TurnDirCmd
Value_Asymmetric Boeing Asymmetric Limiter (HW) RangeLimitAdjVar
Value_Max Boeing MaximumValueSelect (HW) Max

Value_Mid Boeing Middle Value Select (HW) MidValueSelect
Value_Min Boeing Minimum Value Select (HW) Min

Value_Symmetric

Boeing Symmetric Limiter (HW)

RangeLimitAdjSymm

within_limits AFC Within Limits (HW) DualComparatorPFC
xch_csol Boeing xch_csol (HW) ValidatedLogicalVoter
xIn_csol_eq Boeing xIn_csol_eq (HW) RelationalOperatorXInEx
xIn_csol_ge Boeing xIn_csol_ge (HW) RelationalOperatorXInEx
xIn_csol_gt Boeing xIn_csol_gt (HW) RelationalOperatorXInEx
xIn_csol_le Boeing xIn_csol_le (HW) RelationalOperatorXInEx
xIn_csol_It Boeing xIn_csol_It (HW) RelationalOperatorXInEx
xInCsolLhys Boeing xIn_csol_lhys (HW) HysterisisCSolVarMidBwReset
xIncsolne Boeing xIn_csol_ne (HW) RelationalOperatorXInEx
xInCsolTos Boeing xIn_csol_tos (HW) RelationalOperatorXInTxOfSign
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Appendix F. Generating Test Vector Output for
Component Test Platform (CTP)

To use HIiLiTE output with the Component Test Platform (CTP), you must generate a CTP-compatible
input file with an extension “.tpi’. This file (henceforth called a TPI file) must conform to the CTP Test
Vector File Format Specification in Ref. [2].

TPI files can be generated either per model or per block. Per model files contain all the test cases
generated by HIiLiTE for a single model. Per block files contain all the test cases generated for a specific
block from a model. For per block testing, HiLiTE will generate one TPI file for each block in a model
for which any tests are generated. (No tests are generated for certain kinds of blocks such as Input/Output
blocks.)

A unique trace anchor is generated for each generated file. This trace anchor appears on the “AT3
Anchor:” line. Each file will also contain a list of all the unique trace tags for the blocks whose tests are
contained in the file. Anchor trace tags can be specified in the model either in the form of annotation or in
the revision block using define block requirements tracing for blocks present in the model. These trace
tags appear on the “AT5 Source:” line. Trace tags for blocks present inside the model will appear on
“AT5 Source:” line. Currently, the CTP Output Generator that comes with HiLiTE assumes these trace
tags are available in each model as per HAM specifications or in annotation inside the model. This means
that models that do not contain HAM Revision blocks or do not use HAM standards in recording trace
information or do not contain annotation with trace tag starting with a specific requirement keyword-
ToDocld pair will result in CTP files that do not contain this information.

Correctness Criteria
The TPI file (containing Test Cases) will be deemed correct under the following conditions:

1. It conforms to the CTP Test Vector File Format and the specific requirements defined for the
Component Test Platform (CTP).
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2. Each test case conforms to the requirements for the test case as deemed correct for the particular
type of test case generation (e.g. Simulink, Stateflow)

3. Each test case expresses a set of inputs and expected outputs for the specified model that is
achievable, self consistent, and conforms to the intent of the model.

All of these criteria must be verified manually with the qualification artifacts. They should also be
verified by use with CTP.

Each TPI file consists of two main parts: the header section, which identifies the model and the block that
is the focus of the test, and lists all the input and output variables; and the test section, which consists of a
sequence of tests.

The header section includes several text sections that are ignored by CTP. These include file identifying
information followed by the anchor section mentioned previously. This is then followed by a list of all the
input and then output variables, starting with data types, and then names. Output variables are further split
into two groups—model level outputs, and test points. Test points are externally visible variables that are
used solely for testing. These are mapped to variables in a data structure. If the test point handles non
scalar data, the variable will be subscripted, with one line for each element of the structure.

Each test case in the test section corresponds to a single time step. Initial conditions are present at the
beginning of the first test case in each file, as well as any time the Initialize keyword appears in the test
section. There is no indication in the TPI file format if test cases are related to each other (HILIiTE
supplies this information—it is simply unsupported by CTP).

Each test case has a header comment, followed by a list of input variable values, output variable values,
and output tolerances. In the header comment, the “Testing” line indicates the block under test. This is the
block whose HiLIiTE Test Procedure was used to generate the test. The “Description” line will contain the
description of the Procedure Template, if one has been specified. The “Inputs” line will contain the list of
input variable names that are not don’t cares in the test vector for the block under test. The “Outputs” line
will contain the list of tsetpoint and output variable names that are not don’t cares in the test vector for the
block under test. The “TestReference” line in the test case header identifies the HiLiTE Test Procedure
used to generate this test case. That Test Procedure hame may be followed by a number in curly braces
“{}"—that indicates that the Test Procedure is vectorized. The values in the curly braces indicate which
element in the vector this particular test applies to. If no curly braces are present, then this test case is for
scalar data— the most common case. The name may also be followed by an integer in square brackets “[]”.
This indicates that the test procedure has been applied to a multiport block. The subscript inside the “[]”
indicates which port of the multiport this test procedure applies to. Both “{}” and “[]” may follow the
same name. The “Requirements” line will contain the list of requirement trace tags specified for the block
under test.

Test Case values are specified in columns on a line. Each column corresponds to a line in the file header.
For Test Case input values, there is one column for each input variable, and the columns are in the same
order as the input variables in the header. For Test Case output value, there is one column for each output
(normal + testpoint) and the columns are in the same order as the output variables.

Test case values may be specified exactly. If a particular variable value does not matter, the test case will
indicate that by specifying “X” in the column for that variable. Tolerance values indicate the variation on
either side of the specified output value that will still be considered as matching the specified output
value. Tolerance values for don’t cares will be ignored.

OptionSet Elements for Output Generation to CTP

Option sets identify how HiLiTE will handle certain block characteristics, the test harness for which you
want output generated, and other special circumstances. When you generate output for use with CTP, you
must use this element to identify the output generator (CTP) and the vector format (e.g. EPIC Ascii).
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OptionSet elements in a HILiTE command file can be used as subelements of either the <Command> or
<Model> element. Option sets included in the <Model> element take precedence over those in the
<Command> element.

Option sets must be named. The “General” option set contains Option keys that require no further
attributes and names other option sets that do require further detail. Use the “General” OptionSet to
specify CTP as your output generator. CTP then becomes the name of an OptionSet for which you will
specify the output format details.

e OptionSet General: Key attributes and values that can be used are described in Table 21.

e OptionSet CTP specifies the format for the test case vectors that HiLiTE creates, including
anchor and partitioning information. Table 22 describes its keys and values.

o OptionSet UseExplicitAT3Anchors supports user-supplied AT3 anchors in generated TPI files,
its option key is described in Table 24.

e OptionSet Source is used to find specific source code. See Table 2.
Figure 118 gives examples of option sets used in a HiLiTE command file that will create CTP output.

<Command name=""TestGen"">
<OptionSet name="General”> . ,
<Option key="OutputGenerator'>CTP</Option> General
</OptionSet> option set

OptionSet name="CTP">
<Option key="OutputBy'>model</Option> <!-- generate 1 .tpi Ffile per model -->

Option set <Option key="Partition”>AF</Option>

for the <Option key="AnchorFormat">CTP_{partition}_{nodename}</Option>

output <Option key="VectorFormat'>787_TPI</Option>

generator <Option key="FileNameFormat'">{partition} {nodename}_ ctp</Option>
. <Option key="AnchorType">SRDDML</Option>

defined <Option key="Initializelnputs'>Yes</Option>

above </OptionSet>

<Model name="'Model_1" rateHz="50">
<OptionSet name="Source'>

<Option key="Declarations">{model}.h</Option> i
<Option key="Format'>HAMRTW</Option> S%ﬁ.rc?h()p't\l/londs?t
</OptionSet> within the Mode
</Model> element
</Command>

Figure 118 - Example Command Element Containing CTP and Source OptionSets

Table 21. Key Values Available for the General OptionSet

Keys Definition and Available Values

<Option key="OutputGenerator"> tells which test harness you want output formatted for.
HiLIiTE specifies that HILITE should create a .csv file for the
HILIiTE harness. This value is the default, so does not need to
be specified.

CTP specifies that HILITE should create output to use in the
CTP test harness. If you use this value, you must create a
CTP option set in which you specify the character set to use in
the output.

SATGT specifies the test harness to use for testing AS900
models.

Other test harness options will become available in the future.
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Table 22. Keys and Values Available for CTP OptionSet

Key Definition and Values

<Option key="VectorFormat"> If the test harness can accept more than one format, use this key to
identify the format you prefer. NOTE: This option belongs in the
named OptionSet with the same name as the OutputGenerator option
value. Valid values depend on the OutputGenerator chosen.

For CTP output you can specify:
EPIC-TPI

787-TPI

Binary

<Option key="OutputBy"> indicates how the CTP output tpi files are to be generated.
Currently available values are:

model to generate one .tpi file for each model processed.
block to generate one .tpi file for each block under test.

<Option key="Partition"> Denotes the name of the Partition to use in the tpi file anchor and the
tpi file name. Example:
<Option key="Partition”>AF</Option>

<Option key="AnchorFormat"> | is a string format for how the .TPI anchor should be created.

Example:

<Option key="AnchorFormat">CTP_{partition}_ -
{nodename}</0Option>

{partition} indicates where to insert the partition information.

{nodename} indicates where to insert the fully qualified name of
either the model or the block under test. If output is by model, the
nodename will be the model name; if by block, the nodename is the

block name.
<Option is a string for generating a filename for CTP Optionsets.
key="FileNameFormat"> Example:

<Option key="FileNameFormat'>-
CTP_{partition} {nodename}</Option>
{partition} represents where to partition the file name
{nodename} indicates the block or model name should be.
The entire string is used as a string format to generate the file name.
If you want to use the partition as a subdirectory name, you can
format the option as in the next example.
Example:

<Option key="FileNameFormat'>-
{partition}\{nodename}_ctp</Option>
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Key

Definition and Values

<Option key="Initializelnputs" >

Indicates whether HiLIiTE should generate input variables that need to
be initialized. “Initializelnputs” will list all the input variables along with
initial values in the tpi file, before any actual test case or Initialize
keyword. CTP tool can set input variables with these initial values to
avoid things such as divide by zero issue.

Example:

<Option key="Initializelnputs'>Yes</Option>

User can specify ‘Yes’ or ‘No’. By default, Initializelnputs is set to
‘Yes'. Input variables are listed in the “variable initializations” section
of tpi file.

; variable initializations

; variableName initalValue

; end initializations

<Option key="DefaultAnchor">

Indicates whether HiLiTE should generate defaultAnchor (SRDDML)
in the AnchorTrace section (AT5 Source: line) of TPI file. Use this
option to enable/disable the generation of a default anchor.

For any model, the default anchor is named “Filename_MDL?"; it is
categorized as an SRDDML anchor. If an SRDDML anchor is not
specified for a state chart at the model level, HILITE will log an error
message to the HiILITE log file.

Note that by default, Default Anchor is set to “Yes” (HIiLiTE will
generate a default anchor if this option is not specified in the HILITE
command file).

Example:

<Option key="DefaultAnchor”>No</Option>

<Option key="AnchorType">

When Anchor Trace is specified in Revision Block

Indicates which anchor to select from the revision block of the model.
AnchorType’s “SRDDML”, “SRDD”, “SRDDLL" and
“SRDDML/SRDD/SRDDLL" are currently supported by HILiTE.
“SRDDML/SRDD/SRDDLL" means that HIiLiTE will look out for all
three anchors in the revision block and list them in the tpi file.

Note that by default, HILiTE will generate FileName_MDL as
SRDDML anchor tag for all models.

Example:

<Option key="AnchorType">SRDDML </Option>

<Option key="AnchorType">SRDD</Option>

<Option key="AnchorType">SRDDLL</Option>

<Option key="AnchorType">SRDDML/SRDD/SRDDLL</Option>
By default, AnchorType is set to “SRDDML”".

Decoding requirement tag

For requirement tag {'other' "' " 'true' 'srdd_5_2' 'SRDD_AFS'
'SRDD_CORY,

‘other' — (Index: 0)

"'~ (Index: 1)

" — (Index: 2)

'true’ — (Index: 3)

'srdd_5_2'- (Index: 4. this corresponds to SRDDML anchor)
'SRDD_AFS’- (Index: 5. this corresponds to SRDD anchor)
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Key Definition and Values

'SRDD_COR' — (Index: 6. this corresponds to SRDDLL anchor)

Requirement tags should conform to this format for HIiLiTE to properly
identify the AnchorTypes.

When Anchor Trace is specified as annotation in the model

For certain models (ex: Deihl HL models), anchor trace is specified as
annotation in the model instead of specifying the trace in the revision
block. HILITE will extract the anchor trace from annotation in the
model based on the keyword specified by the user in the .hilite file.
Also user can specify the To-Doc Id, along with keyword.

Keyword Example: For all HL models, anchor trace starts with a
certain keyword. In the below figure, keyword is “SRD-REQ-". It is the
responsibility of the user to properly specify the keyword and To-Doc
Id in the .hilite file. The anchor trace (in annotation) looks like the
following.

Tranrzlated fram -
Boeing Model: flap_posn_sensar_man
Baeing Revision: 1.13

Habhd Diagram lssuweTf
HLA SRD Requirement: \SRD-REQ- 1269

Examplel:

<Option key="AnchorType">Annotation{SRD-REQ-{SRDD}
</Option>

Annotation tells HILITE to look for anchor trace in the annotation of
the model. The keyword should be specified in between the flower
brackets as shown in the example above. Here SRDD is the To-Doc
Id.

Example2 (Multiple requirement keyword-ToDocld pairs):

<Option key="AnchorType">Annotation{SRD-REQ-{SRDD},{SDD-
REQH{SRDDML} </Option>

If there are more than one requirement keyword to look for in the
annotation of the model, user has to specify that information in the
HILITE file properly. HILITE supports multiple requirement keyword-
ToDoc Id pairs. Note that multiple requirement keyword-ToDoc Id
paris are separated by a comma.

In the above example, the first requirement keyword is “SRD-REQ-"
and the corresponding ToDoc Id is “SRDD”. The second requirement
keyword is “SDD-REQ-" and the corresponding ToDoc Id is

“SRDDML".
<Option Indicates whether HiLIiTE should resolve UsablelO using HAM script.
key="ResolveUsablelOUsingH | when test vectors are generated in isolation for StateChart,
AMScript"> sometimes HILiTE could not resolve the actual UsablelO. In this

case, HILITE will automatically suggest in the log file to enable this
option. Enabling this option might help HILiTE to resolve the input
signal names which are driving the state chart under test. If you
enable this option, make sure that the following path is added in
MATLAB's path variable : <HAM>\hambrelease10\ham\cCodeReview
by following these steps:

1) In the MATLAB window select menu option

File->Set Path->Add with Subfolders

2) Browse for the required path and click OK
3) Click Save.
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Key

Definition and Values

Example:

<Option key= " ResolveUsablelOUsingHAMScript"> True </Option>
User can specify ‘True’ or ‘False’. By default,
‘ResolveUsablelOUsingHAMScript’ is set to ‘False’.

Example Model: This scenario can be found in
PEDALRIGTEST43.mdl

<Option
key="EnableLoopCount">

Indicates whether HIiLiTE should enable loop count in the TPI file.
Loop statements look like comments and specify the number of
iterations to be executed in the loop. (The Loop statement must
appear in one of these two locations: either 1-before the Test Case #
line or 2-immediately before the INPUT VARIABLES line for a given
test case.).

When the testcase header is followed by Loop count. B787 CTP TPI
files shall accept loop statements in the following format:

;Loop x
where:
= The first character of the line is a semi-colon

®= The word Loop (case-insensitive ) follows immediately after the
semi-colon (no space or tab)

®= One or more spaces follow the word Loop

= No other characters appear after the word Loop and before the
iteration count x

= X appears on the same physical line
= x specifies an integer with a value greater than zero

Note that by default, EnableLoopCount is set to “False”

Example:
<Option key="EnablelLoopCount”>true</Option>

<Option
key="PartitionLocationInTrace
Tag">

(this option key was used
previously but is not
recommended for most usage
now)

Indicates where the Partition information is within the trace tag. This
information is used to generate the .tpi file anchor. The value is a
regular expression that conforms to Microsoft VS.NET regular
expression syntax.

Example:

<Option key="PartitionLocationInTraceTag">[a-zA-
Z]+_(?&lt;partition&gt;[a-zA-Z]+)_\d+</Option>

Note that &lt;partition&gt; in this example is the escaped equivalent of
"<partition>". It is escaped because it is embedded in XML and XML
treats "<" and ">" as special characters. The example expression
says that the partition is embedded in a string that has an alpha prefix
and a numeric suffix of the form SRDD_PFC_024842 (PFC is the
partition).
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Table 23. Keys and Values Available for the Source OptionSet

Key Definition and Values

<Option key="Declarations"> The value for this key is the name of a file containing
variable declarations for use by an OutputGenerator. The
value can be a “concrete” name or a name template. An
example of a “concrete” name is my_model.h

A name template has the format:

{model}.h HILITE will substitute the name of the model
under analysis for {model}

The name may be relative or fully qualified. The name
(either as specified or generated from the name template)
is then used to locate the source code file that includes
declarations.

<Option key="Format"> The value for this key indicates the source code format of
the file named in the Declarations option. This keyword is
used to look up the class used to parse the file containing
the declaration information.

HAMRTW is currently the only valid value.

<Option key="0OutOfMemoryProtection"> | Due to some performance problems with tpi file generation,
Default: off an option called "OutOfMemoryProtection" has been
added. This option, if specified and set to "on", tells the
CTPOutputGenerator to use a temp file on disk while
creating the tpi files. If it is not specified OR if set to "off",
the CTPOutputGenerator will simply use an in memory
string. For large tpi files, you will want to set this option to
"on" (or "true" - they both work). Since few models run into
OutOfMemory errors, you can simply wait to see which
models have this particular problem and then turn this
option on for those models only.

Example:

<Option key="OutOfMemoryProtection'>on</Option>

Note If you specify whether test points are on or off (see information about option sets in Section 4, Table
2), the CTP output will be affected. By default, the test points are on. If you leave this default, but the
declarations file has no information about test points, then HiLiTE will not generate any tpi file. A special
case occurs if test points have siblings that are outputs; these test points will be ignored. If all test points
in the model are for outputs, then HiLiTE will ignore the declarations file and generate the tpi file.

Table 24. Keys and Values Available for UseExplicitAT3Anchors OptionSet

Key Definition and Values

<Option The value for this key is the name of a StateFlow chart.
key="CTP_Stateflow_lsolation/StateCha | Example:

re1"> <OptionSet name="UseExplicitAT3Anchors™>

<Option key=
"CTP_Stateflow_Isolation/StateChartl'>
Namel</Option>
</OptionSet>
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Anchor Tracing in TPI files

When an anchor type is specified as SRDDML/SRDD/SRDDLL, HiLiTE extracts all three anchor types
from the model irrespective of whether test vectors are generated for the blocks that reference those
anchors as specified in revision block. All anchors specified in the Revision block of the model appear in
the AT5 header of the TPI file, as shown in Figure 119 and Figure 120. In the "Requirements” line for the
test cases for the blocks in the TPI file, the anchors to which the block traces appear as shown in Figure
121.

For Stateflow charts, HiLITE extracts the SRDDML anchors specified in the States, Transitions,
TruthTables as specially formatted comments. The union of all these anchors appears in the "AT5
Source" line of Anchor-Trace section in the TPI file header. In this header, all anchors are extracted from
the Stateflow chart, regardless of whether a particular state, transition, or condition was tested or not.

) Block Trace Tags for: CTP_Integrators

EBlocks and selected trace tagis):

cerHoldInt A
sdInt_LoHi [ == A
arlesetInt
EBd4HoldInt

=dInt_LoHi [
e

== Replace

FE=En T ]
HoldInt " 'ryus' 'SHDDML GRPOOZ' 'SDDD A [ Remove ==

o d
io0ldInt_IC
hldInt_ICV
1oldInt_In
dlnt LimHi
dInt_LimLo
2ldInt_Out
zdInt_LoHi | {'other' ' ' ' ! trus' 'SEDDML_001' 'SEDD_AFS 002, SEDD_AFS 003' 'SEDDLL_004' }; |
oHi_Hi Lim
nt_LoHi_IC
. LoHi_ICV
nt_LoHi_ In
oHi_Lo_Lim
c_LoHi_Out
LesetInt | {'other' ' ' ' ! true' 'SEDDML_GRPOO4' 'BRDD AFS 122, EIDD_AFS 785" |} |
zsetInt_IC
setInt_ICVW
zsetInt_In
setInt_Out

Figure 119 - Anchors specified in the Revision block of the model

:w****##****##w****##w***###****##w*****#w***#*#****#*#**

; ATl Begin Anchor / Trace data

; ATZ2 Do not modify this line or the line below

; AT3 Anchor: CTP_CTP_CTF_Integrators

; AT4 Do not modify this line or the line abowve

; ATS Source: SEDDML: CTP_Integrators_mdl, SRDDML_GRPOOS,SFDDML 001, 5FDDML_GRPOO4: SFDD: SEDD_AFE 1234,
SEDD_AF3_ 5675, 5EDD_AFS_ 002, 3SEDD_AF3_003,3RDD_AFS 122, SRDD_AFS 789: SRDDLL: 3EDDLL_004

; ATE End Anchor ¢ Trace data

;1?1?1?1?ﬂ‘ﬂ‘ﬂ‘1?1?1?ﬂ‘ﬂ‘ﬂ‘1?1?1?1?ﬂ‘ﬂ‘ﬂ‘1?1?1?1?ﬂ‘ﬂ‘ﬂ‘1?1?1?ﬂ‘ﬂ‘ﬂ‘?ﬁﬁﬁﬁﬁﬂ‘?ﬁﬁﬁﬁﬁﬂ‘ﬁﬁﬁﬁﬁﬁﬂ‘ﬁﬁ

; o#npurs #O0urpurs #TestPoints #Testcases

Figure 120 - All Anchors specified in revision block appear in AT5 Source in TPI file
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;1:ﬂ'1‘*#*ﬂ'****1‘*1f*'ﬁ'*ﬂ'**1:*1‘*'ﬁ'*ﬂ'**1:*1‘*#*#******#*#********#**
;: Test Case# 19

; Testing CTP_Integrator .'.-'H-:-I-:II|'|t|

; Description : HOLD Operation

Inputs 10iHeldint_ICY, 1L Heldint_IC 12 Haldint_HId, 13 Holdint_LimLo, Ld)Holdint_LimHi
; Outputs 3 Holdint_Out

; TestReference : This is to test if output is held when HOLD is TRUE
s Type

F Requirements @ SRDODML_GRPOOZ,SRDD_AFS_1234 SRDD_AFS_5678

1]

Figure 121 - Anchor appearing in ""Requirements’ line for the blocks in the TPI file for which
supported anchors are specified in Revision block
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This appendix lists block attributes as supported by the HiLiTE. Tables below describe:

e Attributes for HAM blocks

e Attributes for Boeing blocks

o Attributes for CCC blocks

e Common attributes (for all blocks)
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Table 25. HAM block attributes

Appendix G Block Attributes Lists

Mask Type HiLITEBlockType Attribute Description
S - LoLimit Return LL value of the block
Asymmetric Limit (HW) RangeLimitFixed HiLimit Returns LU attribute value of block
Bit Shift (HW) BitShift shiftRight Returns value after right shift
Bit Unpack (HW) BitOr BitMaskHex Returns bitMask value in hex notation
Bitwise And (HW) BitAnd1 bitMask Returns bitMask value
Confirmval Returns TRUE for Confirm ON (HW) block
Confirm ON (HW) / Confirm . : Returns FALSE for Confirm OFF (HW) block
TimerFixed TMAX .
OFF (HW) InitOPDrivenpyip | REUMS the ON/OFF time
y Returns TRUE if Initial Output is set to Input
Deadband (HW) DeadBand DeadBandWidth | Returns BW of the block
LoLimit Return LL value of the block
Deadzone (HW) Deadzone HiLimit Returns UL value of block
Num Returns total number of output ports
Decoder (HW) Decoder StartingValue Returns the Starting value
Fader (HW) Fader fadetime Return Fadetime of the block
Limited Reset Hold Integrator IntearatorResetLimitedHold Liml1lsLoLim Returns True if Lim1 is the Low limit port.
(HW) 9 Lim2IsLoLim Returns True if Lim2 is the Low limit port.
o o LimlisLoLim Returns True if Lim1 is the Low limit port.
Limited Reset Integrator (HW) | IntegratorResetLimited Lim2IsLoLim Returns True if Lim2 is the Low limit port.
- - . LoLimit Return LL value of the block
Limiter Hold (HW) RangeLimitFixedWithFlag HiLimit Returns LU attribute value of block
Mux Selector (HW) MuxedSelector getoutput getoutput is not supported for Mux Selector (HW).
Test vector generation is disabled for this block.
Non-Mux Selector (HW) PortSelector getoutput getoutput is not supported for Non-Mux Selector

(HW). Test vector generation is disabled for this
block.
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Mask Type HiLITEBlockType Attribute Description
. . IsEvenPort Returns True for even numbered port
Register (HW) Register IsOddPort Returns True for odd numbered port
RelayOnPoint Returns onpt (RelayOnPoint) value of the block
- RelayOffPoint Returns offpt (RelayOffPoint) of block
Relay (HW Hyst Fixed .
elay (HW) ystensisrixe RelayOnValue Returns onpt (RelayOnPoint) value of the block
RelayOffvalue Returns offpt (RelayOffPoint) of block
Td Returns time constant, Tau
Reset Lead Lag Filter (HW) LeadLagFilterFixedTauResetVal LoLimit Return LL value of the block
HiLimit Return LU value of the block

Simple Delay (HW)

UnitDelay

InitialCondition

Returns IC value of the block

Simple Integrator (HW) IntegratorSimple OutputiC Returns IC value of the block

Switched Fader (HW) FaderSwitched fadetime Returns fadetime of block

Symmetrical Rate Limiter RateLimitFixed HiLimit Return UL value of block

(HW)

Symmetrical Rate Limiter RateLimitFixed LoLimit Return LL value of the block

(HW)

Variable Asymmetrical Limit RangeLimitAdjVar LimllsLoLim Returns True if Lim1 is the Low limit port
(HW)

Variable Asymmetrical Limit RangeLimitAdjVar Lim2IsLoLim Returns True if Lim2 is the Low limit port
(HW)

Washout Filter (HW) WashoutFilterFixedTau Td Returns time constant, Tau

Washout Filter (HW) WashoutFilterFixedTau Tn Returns time constant, Tau

Table 26. Boeing block attributes

Mask Type HiLiTEBlockType Attribute Description
?:V(\:/)Tran&ent Suppressor with Tustin Filter TransientSuppressWTustinFilter Td Returns time constant, Tau.
Boeing Lag 1st Order Rectangular (HW) LagFilterlstOrderRectResetFrinput Td Returns time constant, Tau.
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Mask Type HiLITEBlockType Attribute Description

Boeing Lag 1st Order Tustin (HW) LagFilterFixedTaulstOrderResetVal Td Returns time constant, Tau.

Boeing Lag 1st Order Tustin Recalc (HW) LagFilterVarTaulstOrderResetVal Td Returns time constant, Tau.

(B|_(|)VGVI;1 g Lag Z Transform reCalc with Freeze LagFilterVarTauZTransHoldResetVal Td Returns time constant, Tau.

Boe]r)g Lag Z Transform with Freeze and LagFilterZTransResetValLim Td Returns time constant, Tau.

Position Limits (HW)

Boe_mg La_g Z Transform with Freeze and LagFilterZTransResetValLimFreeze Td Returns time constant, Tau.

Position Limits (HW)

(BI_?VGVI?Q Lag Z Transform with Position Limits LagFilterZTransHoldResetValLim Td Returns time constant, Tau.

(Bl_?\?\/';] g Lag Z Transform with Rate Limits LagFilterZTransResetVal Td Returns time constant, Tau.

(Bl_?vevl? g Lag Z Transform with Rate Limits LagFilterZTransResetValRateLim Td Returns time constant, Tau.

Boeing Lag Z Transform with Rate Limits LagFilterVarTauZTransResetVal Td Returns time constant, Tau.

reCalc (HW)

(B:\/e\/'; g Lag Z Transform with Rate Output LagFilterZTransResetValRateOut Td Returns time constant, Tau.
Returns True for

Boeing Time Delay to True (HW) / Boeing . . . ' TimeDelayTRUE.

Time Delay to False (HW) TimerAdjResetlnitMode Confirmval Returns False for
TimeDelayFalse.

Boeing Transport Lag Real (HW) TransportLag DelayVal Returns delay time in seconds.

: . . ™ _

Boeing Washout Z-Transform Filter (HW) WashoutFilterZTransReset Td Returns time constant, Tau.

confirmOff_defaultin (HW) TimerAdjResetInitMode_Subsys_OffInOnin ConfirmVval Returns True/False.

confirmOff_defaultOn (HW) TimerAdjResetInitMode_Subsys_OffOnOnOff | ConfirmVal Returns True/False.

confirmOff_defaultOn (HW) TimerAdjResetInitMode_Subsys_OffOnOnOff | ICBool Returns True/False.

confirmOn_defaultOn (HW) TimerAdjResetInitMode_Subsys_OffOffOnOn | ConfirmVal Returns True/False.

PastValueBooleanNI UnitDelayResetOnly InitialCondition | Returns IC value of the block.
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Mask Type HiLITEBlockType Attribute Description
PFC Time Delay On (HW) / PFC Time . . . ' Returns True for TimeDelayOn.
Delay off (HW) TimerAdjResetInitMode_DelayTrueFalse ConfirmVval Returns False for TimeDelayOff.
. . . . T .
PFC Tustin Washout Filter (HW) WashoutFilterTustinResetVal Tg Returns time constant, Tau.
P.FC.: .Washout Filter with Rate and Position WashoutFilterRatePosLim m Returns time constant, Tau.
Limiting (HW) Td
Table 27. CCC block attributes
Mask Type HiLITEBlockType Attributes Description
CCC Differentiator Rectangular (HW) DifferentiatorResetLimited OutputIC Returns IC value of the block.
o L LimllsLoLim Returns True if Lim1 is the Low limit port.
CCC Range Limit (HW) RangeLimitAdjvar Lim2IsLoLim Returns True if Lim2 is the Low limit port.
ConfirmVal Returns true
CCC SFcn Confirm ON (HW) TimerFixed_CCC TMAX Returns confirmTime of the block
InitOPDrivenByIP | Returns True if Initial Output is set to Input
CCC SFcn Variable Reset Debounce (HW) | DebounceVariableReset CCC | OutputiC Returns IC value of the block.
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Table 28. Common block attributes

CommonBlock attributes

Description

AllinputsAllowContainZero

Returns Boolean value ‘1’, if the maximum allowable range of
all inputs contain zero.

AllinputsBool

Returns Boolean value ‘1’ if all inputs of the block has
Boolean datatype.

AllinputsConstant

Returns Boolean value ‘1’, if all inputs of the block are
constants (hard wired

AllinputsContainZero

Returns Boolean value ‘1’, if all inputs of the block can have a
zero value. A test case for all 0 inputs should be enabled only
when this is true.

Allinputsinteger

Returns Boolean value ‘1’, if all inputs of the block has integer
(signed and unsigned integer) datatype.

AllinputsOpContainZero

Returns Boolean value ‘1’, if the normal operating range of all
inputs contain zero.

AllinputsReal Returns Boolean value ‘1’, if all inputs of the block has Real
datatype.

AlllnputsTied Returns Boolean value ‘1’, if all inputs of the block are tied
together.

ICV_Input_Tied When the input port and ICV port of a block are tied together,

this attribute will be set to TRUE. Otherwise, it will be set to
FALSE

SomelnputsTied

Returns Boolean value ‘1’, if some inputs of the block are tied
together. If this is true then a test case for different values at
the inputs (hard coded, one max and one min) values at the
inputs is not possible.

TotallnPortCount

Returns total count of data port and not the control port

TotalOutPortCount

Returns the count of output ports
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Appendix H. Command File Elements for
Diagnostics and Development

This appendix describes HiLiTE command file elements that are useful for developers and other HIiLIiTE
support team members who need to diagnose issues.
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Table 29. Command file elements used for development and diagnostics

Element Tag, Attribute
Name, and/or OptionSet

Description

Example

<HiLITEMgmt />

If this optional element is specified, it must be the first element in a
HiLiTE command file. Use it to manage the way HiLiTE runs. The
following attributes are useful for diagnostics:

maxRetries tells how many times HILITE will try to start MATLAB
before failing.

priority sets the urgency of the HILITE run. (Default = Low) Possible
values are the Windows task priority levels: “High,” "AboveNormal,”
“Normal,” “BelowNormal”, “Low”. At Low, HILiTE runs in the
background and you can continue working on other applications.
You may want to change the priority if you are running a very
complex model or batch of models that would otherwise take a very
long time to run.

raceDelayMS in rare cases of improper execution with MATLAB, this
attribute can be used to specify the length of a delay to overcome
race conditions between a model clock and the data inputs
associated with the clock. Use this attribute to tune MATLAB if
model output is garbled or MATLAB crashes.

secsBetweenTries tells how long HiLITE will wait before the next try to
start the MATLAB.

<HiLITEMgmt maxRetries ="12" />
<HiLITEMgmt priority ="High" />
<HiLiTEMgmt raceDelayMS ="6" />

<HiLiITEMgmt secsBetweenTries ="15" />

<Model>

attributes for model
information output in XML

include these optional Model attributes to output the HILITE internal

representation of the model. They are useful for debugging.

rawXML: (Default= ‘no’). If set to ‘yes,” XML will be generated from the
first (raw) stage of the import process. This raw XML can be used to
look through model details.

instanceXML.: (Default= ‘no’). If set to ‘yes’, XML will be generated
from the second (instance) stage of the import process. This XML
can be used to look through model details.

<Command name='"ModelCheck' >
<Model name="AR065h' rawXML='"yes'

instanceXML=yes' />

</Command>

<Command> name

Additional commands

use either of these commands to verify the validity of formulas and

models:

FormulaCheck—Use this command whenever the database is
updated—in particular, when any of the templates have been
changed. FormulaCheck reads all the formulae in the database and
applies the regular expressions described in the file specified by
FormulaTemplates to those formulae. The required attribute:

<Command name='FormulaCheck'
FormulaTemplates="TFLKeywords.properties'
/>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

FormulaTemplates names the file holding regular expressions.

ModelCheck—Use this command for conducting an initial sanity check
on a new model. This command invokes model analysis to look for
unreachable sections, divide by zero, and other inherent problems
in a model. Use this command to check a new or edited model.

<Command name='"ModelCheck' />

<Command
name="TestGen’
outputSorter =

use these TestGen command attributes:

outputSorter (default: WeakTopoSort) to specify how the output
columns are to be sorted. By default, the columns are sorted close
to topological order (inputs to outputs). Other sorting possibilities
are available; they are defined in keywordmapping.xml

MaximizeOverrideUsage: (Default= “no”) If “yes,” the test generator
will take every possible override it can, that is, not just where
overrides are specified in the model or the .hilite file, but wherever
block implementations allow it. Use this sparingly.

<Command name="TestGen'
outputSorter="TopologicalSort'>
<Model name='"testExamplel' />
</Command>

<Command name='TestGen'
MaximizeOverrideUsage="yes" >
<Model name="'tm390e_new' />
</Command>

<LibraryMapping />
for use only by HILiTE
developers

names files that map user block type names to HiLiTE-supported block
types. For basic HILITE usage, the Extension element (see Table 1)
replaces LibraryMapping. Use LibraryMapping only if your project
includes blocks that are mapped for groups not supported by the
<Extension> element. See Appendix E for more information. If you do
not use a <LibraryMapping> or <Extension> element, HiLiTE will
default to raw Simulink block support.
LibraryMapping has one attribute:
fName the name of the library .xml file. Name each library in a
separate <LibraryMapping> element and list them in descending
priority order. HiLiTE searches for LibraryMapping files in this order:
1. Assumes the fName is fully qualified.
2. Assumes the fName is relative to the working directory.

<LibraryMapping fName="MyLibraryMapping.xml'/>
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

3. Assumes the fName is relative to the ProjectPath directory
4. Assumes the fName is relative to the DATA directory.

If libraries have overlapping block type names, HILITE uses the first
one in which it finds the name.

You can name more than one library for mapping models.

<ToolKeywords>
<ConstantsMapping>

refer HILITE to a list of strings to interpret as keywords, not
identifiers—useful for suppressing spurious warnings. Includes one
attribute:

fName names the file (.xml format) that contains the keywords you
want HiLiTE to recognize.

<ToolKeywords fName=
"SimulinkKeywords.xml" />

<ConstantsMapping fName=
"SimulinkConstants.xml" />

<OptionSet name=
"SignalBoundaries"
Required subelement
<Option> </Option>

Developers or users who need to diagnose problems may want to try
some of the following key attributes for Option subelements of this
OptionSet :

EnableTestPoint or DisableTestPoint tell HILITE to enable or disable a
specifically named Test Point. These can be used in conjunction
with the other Options to fine tune which test points are used. The
element value for each Option should be the fully qualified name of
the port where the test point is attached.

Overrides tells HIiLIiTE to perform an override on specific signals
(outputs of blocks) in a model. The value is the name of the output
block. This override create new inputs in the model, but the same
range constraints will be applied to them as coming from the range
propagation from upstream to the point at which override is applied.
Multiple override specifications can be separated by a space. Make
sure you have test point enabled code before you use this. There
must be a test point or a model output at the point where you
specify the override. The overrides are specified at the output port
of a block (this is different from suggested overrides which are
mostly at input ports, so you may have to trace to the previous
block and specify the override there. Each override must be
manually determined by the user and put in the .hilite file.

Note: the Element <OverrideExamplesForCommandOption> in
Modelname_Summary.xml file contains the overrides data. You can
copy the text within this element and put it in the Overrides option in
the .hilite file.

<OptionSet name="SignalBoundaries"
<Option key="Overrides">
BQT_New_Overrides/sum.Output
BQT_New_Overrides/sum1.Output
BQT_New_Overrides/subsystem/
SubSys_Sum.Output
</Option>
</OptionSet
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Element Tag, Attribute
Name, and/or OptionSet

Description

Example

<OptionSet
name="Scripts">

Required subelement
<Option> </Option>

lets you specify one or more MATLAB scripts (.m file) to be executed

on a model either before or after HILiTE loads the model. Option keys

specify the path of the MATLAB script files, the names of a script file,
and when the script is executed.

Path specifies the path of the MATLAB script file. There is a provision
to specify the path in absolute terms as well as in relative terms. In
most cases, standard scripts will be packaged with HIiLITE and the
path specification will use the keyword {HILITE_HOME} and the
reference to the Scripts directory.

PostLoad PostLoad option key lets the user to specify a MATLAB
script file name (without .m extension) to be executed by HILITE
after loading the model. User can specify multiple preload script
files — HILiTE will run them one by one after loading the model.

PreLoad lets you specify a MATLAB script file name (without .m
extension) to be executed by HiLIiTE before loading the model for
processing, analysis, and test generation. You can specify multiple
preload script files, HIiLITE will run them one by one before loading
the model.

= When you use the PreLoad attribute, you can give the Option a
value of BusCreators, which is a standard script containing input
Bus Objects. It must be used with models that use input Bus
Objects.This script allows replacing the inports using the Bus
Objects with the actual Bus Creators using the Bus Object.

= Boeing models like MCP or Diehl often use lot of Bus Objects (BO)
which are huge structures. In these models, bus objects are used in
the input ports so as to reuse the same bus object across different
models without the usage of Bus Creators in all these models. The
script (BusCreators.m) finds all the inports in the model that uses
the BO and replaces this inport with a Bus Creator Block with
appropriate input ports attached using the same Bus Object.

= When BusCreators.m script file is executed by the HiLITE, it
modifies the model. Since we don’t want the model to get modified,
HILiTE makes a copy of the model with a random name just before
opening the model. After querying and closing the model, HILITE
will delete the modified model and renames the randomly named
model with the actual model name.

<OptionSet name="Scripts">
<Option key="Path">C:\MyDirectory </Option>
</OptionSet>

<OptionSet name="Scripts">
<Option key=
"Path">{HILITE_HOME}\Scripts</Option>
</OptionSet>

<OptionSet name="Scripts">
<Option key="Path">C:\MyDirectory</Option>
<Option key="PreLoad">MyScript</Option>
</OptionSet>
<OptionSet name="Scripts">
<Option key="Path">C:\MyDirectory</Option>
<Option key="PostLoad">MyScript</Option>
</OptionSet>

<OptionSet name="Scripts">
<Option key="Path">
HIiLITE_HOME}NScripts</Option>
<Option key="PreLoad">BusCreators</Option>
</OptionSet>
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Element Tag, Attribute Description Example
Name, and/or OptionSet
<OptionSet MaxPreviousSteps: (default=3)
name="TestGenLimits"> | MaxPrevValueOccurrences: (default= 1)
Additional option key MaxInfLoopRptCnt: (default= 3)
values
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Built-In (Dynamic) Templates

For a number of HAM blocks, test case generation depends on values of non-static datapoints, block
parameters, and other values that cannot be expressed using the Template Formula Language. For these
blocks, the HILIiTE Template Manager shows blank templates and does not capture the test cases. The
templates for these blocks are built-in — HiLiTE generates the test cases dynamically during test
generation. Each test case that appears in the generated/built-in template denotes a test requirement of the
same name. For example, if the template lists ten test cases, but HiLiTE is able to generate only five of
these, then the requirements coverage for the block instance is 50%.

The following table lists the affected HAM blocks with their mask and block types. The remainder of this
appendix details the blocks and the test cases that HiLiTE generates.

Note that test cases generated for these blocks cannot be modified/customized except where an option is
listed in this appendix. You can manually add test cases to those generated by HiLiTE as necessary.
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Appendix I. Blocks with HILITE

Table 30. HAM blocks with HiLiTE Built-In (dynamic) templates

HAM Block name MaskType HILIiTE BlockType Limitations
1-D Look-Up Table | Look-Up Table (HW) TablelD None

Look-Up Table (2- Look-Up Table 2-D None

D) (HW) Table2D

Look-Up Table (3- Look-Up Table 3-D Table3D None

D)

(HW)

Look-Up Table Pre-
Index

Look-Up Table
Prelndex (HW)

PrelndexTable

e HILIiTE does not
generate
extrapolation test
cases for this block.

e Supports only the
“Linear” Search
Method and “Slow”
Data Change Rate.

Look-Up Table N-D

Look-Up Table N-D
(HW)

NdTablel (When number
of dimensions: 1)
NdTable2 (When number
of dimensions: 2)

NdTable3 (When number
of dimensions: 3)

¢ HiLiTE does not
generate clipping,
interpolation, and
extrapolation test
cases for nD look-up
tables with one or
two dimensions.

e Does not generate
any test cases for nD
look-up tables with
three dimensions.

Vector Selector Vector Selector (HW) VectorSelector None
Matrix Selector Matrix Selector (HW) MatrixSelector None
Subsystem Subsystem (HW) GenericSubsystem None
Inport Inport (HW) robusinoss test cases) |
Bus Selector BusSelector (HW) BusSelector None
Test Point Test Point (HW) TestPoint None
StimulateNumeric Stimulate Numeric StimulateNumeric None
(HW)
StimulateBoolean Stimulate Boolean StimulateBoolean None

(HW)
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Look-Up Tables

For lookup tables, HiLiTE generates normal data point, interpolation, and clipping or extrapolation test
cases. Whether HiLiTE generates extrapolation or clipping type test cases depends on the value of the
block’s Beyond Boundary attribute. When the Beyond Boundary is set to Clip, HiLIiTE will generate
normal data point test cases, interpolation test cases, and clipping test cases. If the Beyond Boundary is
set to Extrapolate, HiLiTE generates extrapolation test cases rather than clip test cases.

Note about interpolation tests. HiLiTE generates either all possible or some interpolation tests based
upon command file options. To satisfy DO-178B objectives of requirements-based testing of the
interpolation functionality, only one interpolation test case is needed for the entire table. Some projects,
however, may institute stricter testing guidelines to create a test case for each possible interpolation point
in the table. HILiTE does provide an option to generate test cases for all possible interpolation points; but
an error is raised for those interpation points where the slope is flat — i.e., the end points of the table cell
have the same value. Users have a choice to separately create manual test cases for those interpolation
points when such error messages are given by HILIiTE.

1-D Look-Up Table
A 1-D Look-Up Table uses three datapoints, essentially a 1-row table.

-} LookUpTable_1D/lookUpTable_1D_Clip M=
Irput Sectar: [1234]
Qutput Yector: [10 20 30 40]
Beyvond Boundary: Clip j
[ Uze Lookup Table Editor ]
L-:unkLEEI':'P? ble_t [ Help | | Revert | | Done |

Data Point test cases:

For lookup tables, HiL.ite will generate normal data point test cases regardless of constants/constraints at
inputs. If test vectors are not generated, there will be a dip in coverage. HiLiTE will generate a test case
for each data point:

o Data Point [20]

e Data Point [30]
o Data Point [40]
These test cases are shown in the dynamically generated templates shown in Table 31 and Table 32.

Interpolation test cases:

The interpolation point is the mid-point of the corresponding data points. In this case, for
LookUpTable_C block. The first interpolation point is 1.5 (mid point of 1 and 2) and the second
interpolation point is 2.5 (mid point of 2 and 3).

The number of interpolation test cases generated depends on your HiLITE command file elements. By
default, HiLiTE will generate one interpolation test case for the interpolation point (input) between the
first two data points. For full interpolation, include the TestTemplates optionset with an option key
LookUpTableAllInterpolationPoints Set to True.

<OptionSet name="TestTemplates'>

<Option key=""LookUpTableAllInterpolationPoints "">True </Option>
</OptionSet>
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If LookUpTableAl lInterpolationPoints set to True, HiLiTE will generate interpolation test cases
between all data points.

Interpolation test cases for this look up table example are shown in Table 31 and Table 32.
Beyond Boundary Test Cases

Clipping test cases:

HILIiTE generates two clipping test cases: Clipping Below Limit and Clipping Above Limit. For
LookUpTable_C block, clipping test cases “Clipping Below Limit [0]” and “Clipping Above Limit [2]”
will be generated. The value inside the square brackets denotes the index of the data point in the input
vector.

For the Clipping Below Limit test case, an MDVD below the first data point in the input vector is
selected. For LookUpTable_C block, the MDVD for the first data point (-1) is -1.001.

For the Clipping Above Limit test case, an MDVD above the last data point in the input vector is selected.
For LookUpTable_C block, where the last data point is 1, this MDVD is 1.001. These test cases are
shown in the dynamically generated template in Table 31.

Table 31. Dynamically-generated test cases for Look-Up Table 1D-Clip, fully interpolated

Tests for Block: lookUpTable_1D_Clip
Block Type: Tablel1D; Mask Type: Look-Up Table {HW)
Test Case Templates (standard): Data Point [0], Interpolation [0],
Clipping Below Limit [0], Data Point [1], Interpolation [1], Data Point [2],
Interpolation [2], Data Point [3], Clipping Above Limit [3]
Block Under
Test Ports
Normial
Test MNo. of | Range x1 Y
Test Case Mame Test Case Descripton Requirements | Time : o 10
Covered Steps min =
max — 100 40
Data Paoint [0] Test tabde input for Data point [0] 222:& = Test 1 1 10
Interpolation [0] |Testtabie mpul for Inlepalalo 22?:& = Test i 1.5 15
Clipping Below e e Req. = Test
Lirnit [0] Test table input for lipping il 1 0.9399999 (10
Data Paint [1] Test table input for Data paint [1] 222:& = Test 1 2 20
Interpolation [1] [Test table input for Interpelatior zzg:; Test 1 2.5 2K
Data Point [2] Test Lable input for Data paint [2] 222; = Test 1 3 a0
Interpolation [2] [Test table input fer Interpelatior 2§§;= Test 1 3.5 3K
Data Paoint [3] Test tabde input for Data point [3] 222;& = Test 1 4 40
Clipping Above e e Feq. = Test
Lirnit [3] Tast table input Tor clipping il 1 4,0000001 |40
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Extrapolation test cases:

HILIiTE generates two extrapolation test cases: Extrapolation Below Min and Extrapolation Above Max.
For LookUpTable_E block, HiLiTE generates the test cases: “Extrapolation Below Min [0]” and
“Extrapolation Above Max [2]”. The value inside the square brackets denotes the index of the data point
in the input vector.

For Extrapolation Below Min, a value (inputVector[0] -1) below the first data point in the input vector is
selected. For LookUpTable_E block, the first data point is -1, so this value is -2.

For Extrapolation Above Max, a value (inputVector[inputVector.length -1] +1) above the last data point
in the input vector is selected. For LookUpTable_E block, the last data point is 1, so this value is 2..

Table 32 shows the extrapolation test cases generated for the example above.

Table 32. Dynamically-generated test cases for Look-Up Table 1D-Extrapolate, fully interpolated

Tests for Block: lookUpTable_1D_Extrap
Block Type: Tablel1lD; Mask Type: Look-Up Table {HW)

Test Case Templates (standard): Data Point [0], Interpolation [0],
Exptrapolation Below Min[0], Data Point [1], Interpolation [1], Data Point [2],
Interpolation [2], Data Point [3], Exptrapolation Above Max[3]

Block Under
Test Ports
Mormal
Test Mo. of | Range #1 Y
Test Case Mame Test Case DescHpbon Requirements Time -
min — u] 10

Covered Steps
rax — 140 40

Datas Point [0]  [Test b oput for Date pon 10 22?; = Test 1 1 10
Interpolation [0] |T e Iivte 2§§;= Test 1 1.5 15
EETSLEE?LE[E]D” Test tavie input for Exprapotation R oar = Test 1 0 0
Data Point [1] Tast table input for Data point [1] 222:2 = Test 1 2 20
Interpolation [1] [Test e opul for niepaiaie Ejg:& = Test 1 2.5 | 25
Data Paint [2] Test table input for Data point [2] 22;’2 = Test 1 3 20
Interpolation [2] |Test tate et for Inierpalate 2:2; = Test 1 3.5 | 3%
Data Point [2] Test table inpul fer Data point [3] Ezgé = Test 1 4 40
EEETSPJLTEE]” Test table input for Exptiapolation | ook = o5 1 5 | 5D
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Look-Up Table (2-D)

Two-dimensional look up tables are three row, three column matrixes. For this HAM block, HiLiTE
generates data point, interpolation, clipping, and extrapolation test cases. (Whether it generates clipping
or extrapolation test cases depends on the Beyond Boundary value.)

<) LookUpTable_2D/looklpTable2D

Fowy Yector: [123]
Column Yectar: [102030]
Talile Matri: [43 61619 20,10 15 23]
S - Beyond Boundary: Clig j
LuT
- ( Use Lookup Table Editor |
lookUpTablezD
[Clipy Help ] [ Revert ] [ Daone ]

Data Point test cases:

In LookUpTable2D (Clip), Row Vector is specified as [1 2 3], Column Vector is specified as [10 20 30],
and Table Matrix is specified with three rows and three columns. HIiLiTE will generate nine data point
test cases. These test cases are shown in the dynamically generated template in Table 33 and Table 34.

Interpolation test cases:

The number of interpolation test cases generated depends on the GenerateForAll InterpolationPoints
attribute as described on page 242.

When the GenerateForAll InterpolationPoints attribute is set to false for LookUpTable2D_C block,
HiLiTE will generate only the “Interpolation [0 0]” test case. The interpolation points for row and column
is 1.5 (mid point of 1 and 2). These test cases are shown in the dynamically generated template in

Table 33 and Table 34.

If GenerateForAllInterpolationPoints attribute is set to true, HiLiTE will generate interpolation test
cases between all data points in rows and columns.

Beyond Boundary Test Cases

Clipping test cases:

HiLiTE generates two clipping test cases: Clipping Below Limit and Clipping Above Limit. For
LookUpTable2D_C block, clipping test cases “Clipping Below Limit [0 0]” and “Clipping Above Limit
[2 2] will be generated. The values inside the square brackets denote the index of the row and column
vector respectively.

For the Clipping Below Limit test case, an MDVD below the first data point in the row and column
vectors is selected. For LookUpTable2D_C block, the MDVD for the first data point in row and column
(1) is 0.99999909.

For the Clipping Above Limit test case, the MDVD above the last data point in the row and column
vectors is selected. For LookUpTable2D_C block, where the last data point is 3, this MDVD this
value3.00000001.

Standard test case templates shown in Table 33 are for a two-dimensional look up table with a Beyond
Boundary of Clip.
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Table 33. Dynamically generated test cases for Look-Up Table 2-D (HW)
with clipping, fully interpolated

Tests for Block: lookUpTable2D
Block Type: Table2D; Mask Type: Look-Up Table 2-D (HW)
Test Case Templates (standard): Data Point [0 0], Interpolation [0 0], Clipping
Below Limit [0 0], Data Point [0 1], Interpolation [0 1], Data Point [0 2], Data Point [1 0],
Interpolation [1 0], Data Point [1 1], Interpolation [1 1], Data Point [1 2], Data Point [2
0], Data Point [2 1], Data Point [2 2], Clipping Above Limit [2 2]
Block Under Test Ports
Normal
Test Mo. of | Range =l H2 ¥
Test Case Name |Test Case Descrpton Requirements Time : i i 4
Covered Steps min =
max — 5 S0 23
Data Paint [0 0] T- I..::. 2 input Tor Data point Ezg:a = Test 1 1 10 4
Interpolation [0 Test tate vput o Reqg., = Test
o Rea. 1 1.5 15 11
Clipping Below e Feq. = Test
Lirmit [l:l D] Tast table input for clipping Carm i 0,9999999 |0, 000900 4
Data Point [0 1] T-I I..::. 2 input Tor Data point 222:2 = Test 1 1 a0 [
Interpalation [0 ast table input for Reqg., = Test
0 Rea. 1 1.5 25 | 12.5
Cata Point [0 2] T-- I..::. 2 input Tor Data point 222:2 = Test 1 1 a0 &
Data Paint [1 0] TI_ I..::. s input Tar Data paint zzg:a = Test 1 o 10 16
Interpolation [1 | Test tate vput o Reqg., = Test
o Rea. 1 2.5 15 | 15.75
. Teal lable inpul for Data point|[Reg, = Test
Data Peint [1 1] |17, . 1 2 20 19
Interpaolation [1 |Test takie et o Feq. = Test
0 Rea. 1 2.5 25 20
Data Point [1 2] TI-- I..::. 2 input Tor Data point 2:?;2 = Test 1 o a0 a0
Cata Point [2 0] T- I..::. 2 input Tor Data point 222:2 = Test 1 e 10 10
Data Point [2 1] T--I I..::. 2 input Tor Data point 222:2 = Test 1 3 o0 15
Data Paint [2 2] T-- I..::. 2 input Tor Data point Ezg:a = Test 1 e a0 o5
Clipping Above e Feq. = Test
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Extrapolation test cases:

HiLiTE generates two extrapolation test cases: Extrapolation Below Min and Extrapolation Above Max.
For the LookUpTable2D_E block, it generates extrapolation test cases “Extrapolation Below Min [0 0]”
and “Extrapolation Above Max [2 2]”. The values inside the square brackets denote the index of the row
and column vector respectively.

For Extrapolation Below Min, a row value (rowVector[0] - 1) and column value (colVector[0] - 1) will be
selected. For LookUpTable2D_E block, 0 is selected for row and column. The value (0) is below the first
data point in row and column (1).

For Extrapolation Above Max, a row value (rowVector[row.length] - 1) and column value
(colVector[col.length] - 1) will be selected. For LookUpTable2D1 block, the last data point is 3, so the
selected value is 4.

Test Case Templates

Standard test case templates shown in Table 34 are those HiLiTE generates for a Look-Up Table 2-D
(HW) with Beyond Boundary of Extrapolate and with full interpolation.
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Table 34. Dynamically generated test cases for Look-Up Table 2-D (HW)
with extrapoliation, fully interpolated

Tests for Block: lookUpTable2D1
Block Type: Table2D; Mask Type: Look-Up Table 2-D {HW)

Test Case Templates (standard): Data Point [0 0], Interpolation [0 0],
Exptrapolation Below Min[0 0], Data Point [0 1], Interpolation [0 1], Data Point [D 2],
Data Point [1 0], Interpolation [1 0], Data Point [1 1], Interpolation [1 1], Data Point [1
2], Data Point [2 0], Data Point [2 1], Data Point [2 2], Exptrapolation Above Max[2 2]

Block Under Test Ports

Normaal
Test Mo. of | Range 1 ®2 ¥
Test Case Mame Test Case Descripton |Requirements Time .
Covered Steps min = 0 & 4
max — 5 50 23
Data Point [0 0] TI talbde imput for Data point [0 222:2 = Test 1 1 10 4
E‘}terF‘“'a“”” [0 Irest tavie input tor iterpotaon  [R29: = Test 1 1.5 15 11
ng;;a;?;a[gﬂnn] Test taie input for Exptiapotation |Todr = Test 1 0 g a3
Cata Point [0 1] TI tabde input for Data paint [0 222:2 = Test 1 1 a0 5
Il'iterp‘j'at‘”” [0 Irest tavie input tor iterpotaon  [R29: = Test 1 1.5 | 25 | 12.5
Cata Point [0 2] TI tabde input for Data paint [0 222:2 = Test 1 1 a0 &
Cata Point [1 0] TI tabide input for Data padint [1 222:2 = Test 1 o 10 1A
E‘}terF‘“'a“”” [L - Irest tavie input tor iterpotaon  [R29: = Test 1 2.5 15 | 15.75
Cata Point [1 1] TI tabide input for Data padint [1 222:2 = Test 1 o a0 19
Il'iterp‘j'at‘”” [L - Irest tavie input tor iterpotaon  [R29: = Test 1 2.5 | 25 20
Cata Point [1 2] TI tabide input for Data padint [1 222:2 = Test 1 o a0 a0
Cata Point [2 0] TI tabde input for Data paint [2 222:2 = Test 1 3 10 10
Cata Point [2 1] TI tabde input for Data paint [2 Ezg:& = Test 1 3 a0 13
Cata Point [2 2] TI tabde input for Data paint [2 2:2;2 = Test 1 3 a0 o7
iﬁ';t-reapmn._l.it[i;nz] Test tavie input for Exptrapotation |1 oo = TeSt 1 4 31 |-197.2
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Look-Up Table (3-D)

Look-Up Table (3-D) HAM blocks have three-dimensional matrices consisting of row, column, and page
values. For this HAM block, HiLiTE generates data point, interpolation, clipping, and extrapolation test
cases. (Whether it generates clipping or extrapolation test cases depends on the Beyond Boundary
value.).

<) LookUpTable_3D/lookUpTable3D

Rowe YWector: [123]
Colurnn Yector: [10 20 30]
Page Wector: [60 &5 0]
- Tahle histrix: 5121314111011 12, 2030 40; 56 7,])
20 - )
| C LT — Beyond Boundary: Clip j
h P
[ Uze Lookup Table Editar ]
lookUpTable3D
[Elip) Help ] [ Revert ] [ Dore ]

Data Point test cases:

In LookUpTable3D_C, Row Vector is [1 2 3], Column Vector is [10 20 30], and Page Vector is [60 65
70]. The Table Matrix has 3 rows, 3 columns, and 3 pages. HiLiTE will generate 27 data point test
cases, some of which are shown in the dynamically-generated template in Table 35 and Table 36.

Interpolation test cases:

The number of interpolation test cases generated depends on the GenerateForAll InterpolationPoints
attribute as described on page 242.

When the GenerateForAll InterpolationPoints attribute is set to false, for the LookUpTable3D_C
block, HiLiTE will generate only the “Interpolation [0 0 0] test case. The interpolation point for row,
column, and page is 1.5 (mid point of 1 and 2). Some of these dynamically generated test cases are shown
in Table 35 and Table 36.

If GenerateForAllInterpolationPoints attribute is set to true, HiLIiTE will generate interpolation test
cases between all data points in rows, columns, and pages.

Beyond Boundary Test Cases

Clipping test cases:

HiLiTE generates two clipping test cases: Clipping Below Limit and Clipping Above Limit. For
LookUpTable3D_C, clipping test cases “Clipping Below Limit [0 0 0]” and “Clipping Above Limit [2 2
2]” will be generated. The values inside the square brackets denote the index of the row, column, and
page vector respectively.

For the Clipping Below Limit test case, an MDVD below the first data point in the row, column, and page
vectors are selected. For LookUpTable3D, the first data point in row, column, and page is 1, so the
selected MDVD is 0.9999999.

For the Clipping Above Limit test case, an MDVD above the last data point in the row, column, and page
vectors is selected. So, for LookUpTable3D block, the MDVD for this test case is 3.00000001 because
the last data point in row, column, and page is 3.
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Standard test case templates shown in Table 35are for a Look-Up Table (3-D) block in which the Beyond
Boundary value is Clip.

Table 35. Dynamically generated test cases for Look-Up Table 3D (HW),
with clipping, fully interpolated

Tests for Block: lookUpTable3D
Block Type: Table3D; Mask Type: Look-Up Table 3-D (HW)

Test Case Templates (standard): Data Point [0 0 0], Interpolation [0 D 0], Clipping
Below Limit [0 O 0], Data Point [0 0 1], Interpolation [0 0 1], Data Point [0 O 2], Data Poini
[0 1 0], Interpolation [0 1 0], Data Point [0 1 1], Interpolation [0 1 1], Data Point [0 1 2],
Data Point [0 2 0], Data Point [0 2 1], Data Point [0 2 2], Data Point [1 0 0], Interpolation
[1 0 0], Data Point [1 0 1], Interpolation [1 0 1], Data Point [1 0 2], Data Point [1 1 O],
Interpolation [1 1 0], Data Point [1 1 1], Interpolation [1 1 1], Data Point [1 1 2], Data
Point [1 2 0], Data Point [1 2 1], Data Point [1 2 2], Data Point [2 0 0], Interpolation [2 D
0], Data Point [2 0 1], Interpolation [2 0 1], Data Point [2 0 2], Data Point [2 1 0],
Interpolation [2 1 0], Data Point [2 1 1], Interpolation [2 1 1], Data Point [2 1 2], Data
Point [2 2 0], Data Point [2 2 1], Data Point [2 2 2], Clipping Above Limit [2 2 2]

Block Under Test Ports

Normal o 3 el y
Test Case Test No.of| Range
Test Case Name Description Requirements | Time min — 0 = 1000 1
P Covered Steps

max — 5 25 1000 40
Data Point [0 0 Reqg., = Test
0] Caza 1 1 10 alll] 4
Interpolation [0 |Test tane mput o Reqg., = Test
e Rea 1 1.5 15 60 11
Clipping Belaw . Reqg., = Test

Teast table inpul for Slipping . .

Lirnit [0 0 0] Cace 1 0.,9992333|0,0909900 /53, 329933 4
Data Point [0 0 |Test tanie mput o Data Reqg., = Test
1] point [0 0 1] Case 1 1 20 60 5
Interpolation [0 |Test tane mput o Reqg., = Test
o1] Tivberpeslaticsd Caza 1 1.k 25 alll] 12,k
Data Point [0 0 |Test tanie mput o Data Reqg., = Test
2] paint [0 0 2] Case 1 1 30 60 6
Data Point [0 1 |Test tanie ool o Data Reqg., = Test
a] paint [0 1 0] Caze 1 2 10 alll] 1a
Interpolation [0 |Test tane mput o Reqg., = Test
1 0] Tivberpeslaticsd Caza 1 2.k 15 alll] 15,75
Data Point [0 1 |Test tanie ool o Data Reqg., = Test
o e Rea 1 2 20 60 19
Interpolation [0 |Test tane mput o Reqg., = Test
e Rea 1 2.5 25 60 20
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Extrapolation test cases:

HiLiTE generates two extrapolation test cases: Extrapolation Below Min and Extrapolation Above Max.
For the LookUpTable3D_E block, it generates extrapolation test cases “Extrapolation Below Min [0 0 0]”
and “Extrapolation Above Max [2 2 2]”. The values inside the square brackets denote the index of the
row, column, and page vectors respectively.

For Extrapolation Below Min, a row value (rowVector[0] - 1), column value (colVector[0] - 1), and page
value (pageVector[0] - 1) will be selected. For LookUpTable3D_E block, selected row, column, and page
is 0, which is below the first data point in row, column, and page (1).

For Extrapolation Above Max, the selected row (rowVector[row.length] - 1), column
(colVector[col.length] - 1) and page (pageVector[page.length] - 1) values are selected. For
LookUpTable3D_E block, this value is 4, which is greater than the last data point in row, column, and

page (3).

The example in Table 36 illustrates test case generation for Look-Up Table (3-D) block with a Beyond
Boundary of Extrapolate.
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Table 36. Dynamically generated test cases for Look-Up Table 3D-Extrapolate

Tests for Block: lookUpTable3D1
Block Type: Table3D; Mask Type: Look-Up Table 3-D {HW)

Test Case Templates (standard): Data Point [0 0 0], Interpolation [0 0 0],
Exptrapolation Below Min[0 0 0], Data Point [0 O 1], Interpolation [0 0 1], Data Point [0 D
2], Data Point [0 1 0], Interpolation [0 1 0], Data Point [0 1 1], Interpolation [0 1 1], Data
Point [0 1 2], Data Point [0 2 0], Data Point [0 2 1], Data Point [0 2 2], Data Point [1 0 O],
Interpolation [1 0 0], Data Point [1 0 1], Interpolation [1 0 1], Data Point [1 0 2], Data
Point [1 1 0], Interpolation [1 1 0], Data Point [1 1 1], Interpolation [1 1 1], Data Point [1
1 2], Data Point [1 2 0], Data Point [1 2 1], Data Point [1 2 2], Data Point [2 0 O],
Interpolation [2 0 0], Data Point [2 0 1], Interpolation [2 0 1], Data Point [2 O 2], Data
Point [2 1 0], Interpolation [2 1 0], Data Point [2 1 1], Interpolation [2 1 1], Data Point [2
1 2], Data Point [2 2 0], Data Point [2 2 1], Data Point [2 2 2], Exptrapolation Above Max
[222]

Block Under Test Ports

Test Mo. of E:;:I HE ®3 #1 i

Test Case Hame | Test Case DescHpbon R.El::l;i:!::edniﬁ ;_::.:5 tin — o 5 1000 1
max — ioo 25 1000 40

g'jata Paint [0 0 T-I table input for Data paint [0 222; = Test 1 1 10 60 4
ID?terpDIatiDn [oo Test talbde ingut for Dnberpodation 222:& = Test i 1.5 15 a0 11
o 0] |[Eopuapain ped S TEst g 0 59 a | 2.52
Ejata Paint [0 0 T-II table input for Data paint [0 222; = Test 1 1 50 60 c
il}terpnlatinn [oo Test talbde ingut for Dnberpodation 2:2;2 = Test i 1.5 25 a0 12,5
gjata Paint [0 0 T-_I table input for Data paint [0 222; = Test 1 1 20 60 6
g'jata Paoint [0 1 ':'-I table input for Data paint [0 222; = Test 1 5 10 60 16
Il:aterpnlatinn o1 Test talbde ingut for Dnberpodation 2:;‘2 = Test i 2.5 15 a0 15,75
Ejata Paoint [0 1 ':'.-I-.i table input for Data paint [0 222; = Test 1 5 50 60 19
il}terpnlatinn o1 Test talbde ingut for Dnberpodation 222"& = Test i 2.5 25 a0 20
gjata Paoint [0 1 ':'-_I table input for Data paint [0 222; = Test 1 5 20 60 50
g'jata Paint [0 2 T-I table input for Data paint [0 222; = Test 1 3 10 60 10
Piobo Mmied FA % e i v i o 10 [Bnm = T
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Look-Up Table Pre-Index

For lookup table Prelndex, HiLiTE generates normal data point test cases, clipping test cases, and
interpolation test cases. The type of test cases generated depends on the block’s Beyond Boundary. By
double clicking on the lookup table Prelndex block, you can set Beyond Boundary to either Clip or
Extrapolate. When Clip is selected, HiLiTE will generate normal data point test cases, interpolation test
cases, and clipping test cases.

Note that HiLiTE does not generate extrapolation test cases for this block. Also, note that it supports only
the “Linear” Search Method and “Slow” Data Change Rate.

=} BQT_nD_Table/prelndexi

Breakpaints: K

Zearch Method: Linear

LUT Beyond Boundary: Clip
Fre-Index
prelndex_C [ Uze Lookup Takle Editor

(Binary, Slow)
(Clp) Help J

—

[

Data Change Rate: Sl j
[

|

Revert ] [ Done ]

Data Point test cases:

In Preindex1, Breakpoints has three data points, so HiLiTE will generate three data point test cases,
shown in the dynamically generated template in Table 37.

Interpolation test cases:

Unlike the previously described look-up table blocks, the number of interpolation test cases generated for
preindex1 block does not depend on the TestTemplates optionset with an option key
LookUpTableAl Il InterpolationPoints set to True, as described on page 242.

By default, HiLiTE will generate interpolation test cases between all data points in the Breakpoints
vector. For prelndexl block, “Interpolation [1]” and “Interpolation [2]” test cases will be generated. The
first interpolation point (input) is selected as 1.5 (mid point of 1 and 2) and the second interpolation point
(input) is selected as 2.5 (mid point of 2 and 3).

Beyond Boundary Test Cases

Clipping test cases:

HILIiTE generates two clipping test cases: Clipping Below Limit and Clipping Above Limit. For
preindex1, HiLiTE will generate clipping test cases “Clipping Below Limit [0]” and “Clipping Above
Limit [2]”. The value inside the square brackets denotes the index of the Breakpoints vector.

For Clipping Below Limit test cases, an MDVD below the first data point in the input vector is selected.
For prelndex1 block, the MDVD for the first data point (1) is 0.999.

For Clipping Above Limit test cases, an MDVD above the last data point in the input vector is selected.
For prelndex1 block, where the last data point is 3, this MDVD this value3.001. Table 37 shows these test
cases in the dynamically generated template.

Test Case Templates

Standard test case templates shown in Table 37. DataPoint[0], DataPoint[1], DataPoint[2], Clipping Test
case[0], Clipping Test case[2], Interpolation test case[1], Interpolation test case[2]

Honeywell Confidential 253 Version 7.8



Appendix I. Blocks with HILITE
Built-In (Dynamic) Templates

Table 37. Dynamically generated test cases for Look-Up Table prelndexl

Tests for Block: prelndex_C
Block Type: PrelndexTable; Mask Type: Look-Up Table Prelndex (HW)
Test Case Templates (standard): DataPoint[0], DataPoint[1], DataPoint[2],
Clipping TestCase[D], Clipping TestCase[2], Interpolation testcase[1],
Interpolation testcase[2]
Block Under Test
Ports
E‘:;ZI Input Catput
Test Mo. of o
Test Case Mame | Test Case Description Requirements Time | min — u] o
Covered Steps
Mmax = 100 i
DataPoint[0] Test pre-index table inpul data Feq. = Test 1 1 1]
atakoin pasint[ 0] Case 0
. Test pre-index Lable inpul data Req. = Test 1
DataPoint[1] peant 1] Cooe 1 2 0
. Test pre-index table inpul data Req. = Test 1
DataPoint[2] st 2] Case 1 3 1
Clipping Tesl pra-indax table for Cligping  |Req. = Tast 0
TestCaze[0] [a] Caze 1 0.9999999|
Clipping Test pre-index table for Clipping  |Reg. = Test 1
TestCase[2] [2] Case 1 0000001 1
Interpolation Test Tor pre-indes Lalle Regq, = Test 1 1.5 0
testcaza[1] Interpalation[1] Caze . 0.5
Interpolation Test for pre-index Lable Req. = Test 1
tegtcage[z] Interpalation[ 2] Case 1 2.5 0.5

Look-Up Table N-D (HW)-1D

For lookup table Look-Up Table N-D (1 dimension), HiLiTE generates only normal data point test cases.
Note that HiLiTE does not generate clipping, interpolation, and extrapolation test cases for nD look-up
tables with 1 dimension. These cases need to be added manually to the HiLiTE-generated test cases.

) BQT_nD_Table/nDTabled LUT

Mumber of Dimensions: |1 j
Data: | [7 20 20] |

—w LT Within Boundary:
Indexed Iy |SIEUAIEET |Ir'|terpculate j

lookUpTableMND [

(ithin: Intermpolate) U=ze Lookup Takle Editor ]

Helg ] [ Revert ] [ Dane ]

Version 7.8 254 Honeywell Confidential



Appendix I. Blocks with HILITE
Built-In (Dynamic) Templates
Data Point test cases:

InnDTablel_LUT, the Data vector has three data points, so HiLiTE will generate three data point test
cases, shown in the dynamically generated template in Table 38. Note that Look-Up Table N-D (HW)
always gets its input from prelndex table (index and fraction).

Test Case Templates:
Table 38 shows standard test case templates for Look-Up Table N-D (HW)-1D.

Table 38. Dynamically generated test cases for Look-Up Table N-D (HW)-1D

Tests for Block: lookUpTableND
Block Type: NdTablel; Mask Type: Look-Up Table N-D (HW)

Test Case Templates (standard): DataPoint[0], DataPoint[1], DataPoint
[2]

Block Under

Test Ports
Mormal
Test MNo. of Range Inputl [Cutput
Test Case HMame Test Case DescHpton Requirements Time .
min — o 7
Covered Steps
Max — 100 7
. - Feq, = Test
Teast nd-table input data paant[0
CataPoint[0] ] oo 1 i} T
. . Feq, = Test
Test nd-table input data paint
CataPaoint[1] 1] oo 1 1 20
. e e Fegq, = Test
Datapcnnt[z] Test nd-table input data point[2] Case 1 1 30

Look-Up Table N-D (HW)-2D

For lookup table Look-Up Table N-D (two dimensions), HiLITE generates only normal data point test
cases. Note that HiLiTE does not generate clipping, interpolation, and extrapolation test cases for nD

look-up tables with two dimensions. These cases need to be added manually to the HiLiTE-generated test
cases.

) BOT_nD_Table/nDTable? LUT

Mumber of Dimensions: 2 j
Ciata: [FE9101112131415]
» LT Within Boundary: Interpolate j
Indexed

[ U=se Lookup Table Editor ]

lookUpTableND2
(ithin : Interpolate) [ Help ] [ Revert ] [ Dore ]
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Data Point test cases:

In nDTable2_LUT, the Data vector has data points in three rows and three columns, so HiLiTE will
generate nine data point test cases. These test cases are shown in the dynamically generated template in
Table 39.

Note that Look-Up Table N-D (HW) always gets the input from a prelndex table (index and fraction).
Table 39. Dynamically generated test cases for Look-Up Table N-D (HW)-2D

Tests for Block: lookUpTable2D
Block Type: Table2D; Mask Type: Look-Up Table 2-D {HW)

Test Case Templates (standard): Data Point [0 0], Interpolation [0 0], Clipping
Below Limit [0 0], Data Point [D 1], Data Point [0 2], Data Point [1 0], Data Point [1 1],
Data Point [1 2], Data Point [2 0], Data Point [2 1], Data Point [2 2], Clipping Above
Limit [2 2]

Block Under Test Ports

Mormal

Test Mo.of | Range =l ®E ¥

Test Case Mame #Test Case Description [Requirements Time .
Covered Steps rmin = o o 4
max — ] 50 23
Data Point [0 0] |5 00 W0 e 23?.; = Test 1 1 10 4
IDn]terF'Dlatinn [o 'Ir-_- Ezgé = Tast 1 15 15 11
Eillifui?:iElE? I:?]E":‘” Test table input for clipping (= =" = 1 =5 1 0.9993999(0,009999, 4
Data Point [0 1] T-II & input for Data point 2:;.2 = Test 1 1 20 L
Data Point [0 2] T-_I 2 input for Data point Ezgé = Test 1 1 an g
Data Paint [1 0] |70 s Rea S Test 1y 2 10 16
Data Point [1 1] |77 s Rea S Test 1y 2 20 19
Data Point [1 2] TI-_I e impul for Data point 223; = Test 1 o a0 o0
Cata Point [2 0] T:I 2 inpul for Data point gzgé = Test 1 3 10 10
Data Paint [2 1] |5, 70° e e, = Tast 1 3 20 18
Data Point [2 2] |07 e e, = Test 1 3 30 23
Ei'iﬁiﬁi&g g‘]b‘j”e Test tabie input for cipping |1 =0 = Te5t 1 3.0000001 30.000001 23

Look-Up Table N-D (HW)-3D

HiLiTE does not currently support generation of test cases for Look-Up Table N-D (HW) with three
dimensions.
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Vector Selector (HW)
For the Vector Selector (HW) block, HiLiTE generates one test case for each signal at U(E) (Output) port.

|‘Jec5e|_Ll_1.r1 i, 0, L3 [1] >—|_.
10 to 20 1 T
2
|UecSeI_U_1.Q if, 0, Ly [2] >-|
muxl 1]
15 to 25 LE) ——< WecSel_Dut (a1 [1]]
|‘Jec5e|_E fu, 0, L [3] £
Tt 4 vectorSelector

For the block VS_E_Scalar, above, the dimension at output port U(E) is 2, so HiLiTE will generate two
test cases as shown in Table 40. Note that HILiTE uses 0-based indexes when generating the test case
name.

Test Case Templates
Table 40 shows the standard test case templates.
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Table 40. Dynamically generated test cases for Vector Selector (HW)

Tests for Block: vectorSelector

Block Type: YectorSelector; Mask Type: Yector Selector {HW)

Test Case Templates (standard): Port: vectorSelector.01: Output Signal
number [0] to Port: vectorSelector.I1: Signal Number [0], Port:
vectorSelector.01: Output Signal Mumber [0] to Port: vectorSelector.I1:

Signal Number[1]

Block Under Test Ports

HErE) Data |[IndexPort) Cutput
Range
Test Case L=sns MNo. of i0
Test Case Mame Description Requirements Time | min = is 1 10
Covered Steps 20
rmax — o 4 25
Por:
vecorSelectar, O
1: Sutput Signal L )
Murnber [0] ta trE::Sm-g n Feqg. = Test 1 oL 1 o5
Port: termplate Caze
vectorSelectar, I F
1: Signal Humber
(o]
Port:
vecorSelectar, O
1: Sutput Signal L )
Murnber [0] to trﬂ::Slng n Fegq. = Test 1 oL 2 o5
Port: Case

vectorSelectar, I ternplate

1: Signal Humber
[1]

Note: “missing in the template” under Test Case Description will be replaced with descriptive text in a

later release.

Matrix Selector (HW)

For Matrix Selector (HW) block, HIiLiTE generates one test case for each signal at output port.
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constant
c=doublal[1 3 4.2 6 5])

|ru1t><SeI_R_1r'1 .0, [1] >—|_> = U
1
Tto2 b R UR.C) " hit<Sel_Out (a) [1]|
2
|ru1ts<SeI_R_xQ oo, L [2] >—| e C
muxi
1ta 2 matrixSelectar
[Mbgel_Rwa 0,0, 1) ] >—|_.
1to2 1 P
2
[MbSel R_wd .0, L) [4]
mu=2
1to 4

For the block matrixSelector, above, the dimension at output port is 4, so HiLiTE generates four test cases
as shown in Table 41. Note that HiLiTE uses 0-based indexes when generating the test case name.
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Table 41. Dynamically generated test cases for Matrix Selector (HW)

Test Case

Test Case Mame Description

Tests for Block: matrixSelector
Block Type: MatrixSelector; Mask Type: Matrix Selector (HW)

Normal
Range Data

Mo.
of
Time
Steps

Test
Requirements
Cowverad

Lo ih]
onof
—a

min — [1
[2

makx —

——
R
Tr Ll
L)
——

Test Case Templates (standard): Port: matrixSelector.01: Output Signal Number
[0] to Port: matrixSelector.I1: Signal Number [1][1], Port: matrixSelector.01: Output
Signal Number [1] to Port: matrixSelector.11: Signal Number [1][1], Port:
matrixSelector.01: Output Signal Number [2] to Port: matrixSelector.I1: Signal
NMumber [1][1], Port: matrixSelector.01: Output Signal Number [3] to Port:
matrixSelector.I1: Signal Number [1][1]

Block Under Test Ports

IndexPort] IndexPort[ Output

[y

P2

(o e e e N )

Part:
rmatrixSelectar, O
1: Qutput Signal
Murnber [0] to
Part:
rmatrixSelectar. I
1: Signal
Murnber [1][1]

rmissing in
the
ternplate

Reg, = Test
Case [}

Part:
rmatrixSelector, &
1: Qutput Signal
Mumber [1] tao
Part:
rmatrixSelectar, [
1: Signal
Mumber [1][1]

missing in
the
template

Feq, = Test 1
Case G

Port:
rmatrixSelectar, O
1: Qutput Signal
Murmber [2] to
Port:
rmatrixSelectar, I
1: Signal
Murmber [1][1]

rmizsing in
the
termplate

Feq. = Test
Case [}

Part:
rmatrixSelectar, O
1: Qutput Signal
Murnber [2] to
Part:
rmatrixSelectar. I
1: Signal
Murnber [1][1]

rmissing in
the
ternplate

Reg, = Test
Case [}

Note: “missing in the template” under Test Case Description will be replaced with descriptive text in a

later release.
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Enable Subsystem (Nested Model)

For the Subsystem (HW) block, HiLiTE generates two kinds of test cases (Initial Condition and
Reset/Hold) for each Output Block inside the enable subsystem

|Subs!.rs_Enahled_enable_ln ib, 0, L [1] >i

[ Jeitau n ke -b—c( Subsys_Enabled_oOwt_1 (a) ['1]|
Subsys_Enabledz_const_taut —rfrarne_tirne k2w Subsys_Enabled_Out 2 (2) [2] ]
iz, e
s
ratelim ratlim Subsys Enabled_0Out 3 (a1 [3]
Subsys Enabled?_const_sampleTimeq T |
C Subsys Enabled

. [Page I}
Subsys EnabledZ_const_ratelimA

c=double]1007

Initial Condition

For each Output Block inside the Enable subsystem, an initial output value is specified for the block
attribute Initial Output as shown below.

) ...Subsys_Enabled/Subsys_Enabled/k1 =3
Part Marme: k1
Part Mummber: 1

Wiictth (-1 for dyhatnic):
Signal Marme (2ee below): =
(= Propogate input; = Propogate port name)

Initial Output: 0

[ Help ] [ Revert ] [ Dane ]

The Initial Condition test case will set the enable port value to false and expect the initial condition values
at output.

Reset/Held

The value selected for the block attribute output when Disabled determines the test cases that HILITE
generates.

The Held test case is generated in two steps:
1. The Held value will be set at the output block inside the Enable subsystem.

2. The Enable port will be set to false and the held value set in Step 1 will be expected at the output
block.

The Reset: test cases is also generated in two steps:
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1. The Held value will be set at the output block inside the Enable subsystem.
2. The Enable port will be set to false and initial output value is expected at output block.

Tests for Block: Subsys_Enabled
Block Type: GenericSubsystem; Mask Type: Subsystem (HW)

Test Case Templates
Standard test case templates shown in Table 42.

¢ Initial Condition Test: Output Block Subsys_Enabled/k1 Signal[0],

o Held test for Output Block Subsys_Enabled/k1 Signal[0],

¢ Initial Condition Test: Output Block Subsys_Enabled/k2 Signal[0],

o Reset test for Output Block Subsys_Enabled/k2 Signal[0],

¢ Initial Condition Test: Output Block Subsys_Enabled/ratlim Signal[0],
o Held test for Output Block Subsys_Enabled/ratlim Signal[0]

Table 42. Dynamically generated test cases for Enable Subsystem (Nested Model)

Subsys E Subsys_
signal name nabled_O ﬂlg;ygiltin; Enabled
ut_1 - — _Out3

] range Input[1] Enable[1] Input[2] Input[3] Output[1] | Output[2] Output[3]
Test Case Name ;‘g:)i min—> 1 0 0.05 100 1 0.05 100
max—> 1 1 0.05 100 1 0.05 100

Initial Condition Test:
Output Block
Subsys_Enabled/k 1 X 0 X X 1 X X
1 Signal[0]
held test for Output 1 1 1 X X 1 X X
Block Subsys_
Enabled/k1 Signal[0] 1 1 0 X X 1 X X
Initial Condition Test:
Output Block
Subsys_Enabled/k2 1 X 0 X X X 0.05000000 X
Signal[0]
reset test for Output 1 X 1 0.05000000 X X 0.05000000 X
Block Subsys_
Enabled/k2 Signal[0] | 1 X 0 0.05000000 X X 0.05000000 X
Initial Condition Test:
Output Block
Subsys_Enabled/r 1 X 0 X X X X 100
atlim Signal[0]
held test for Output 1 X 1 X 100 X X 100
Block Subsys_
Enabled/ratlim
Signal[0] 1 X 0 X 100 X X 100
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Inport (HW)

When ModellnputsRobustnessCoverage option is turned “On” in the command file HiLiTE performs
robustness coverage analysis of model inputs. Each model input must be used for a value within, below,
and above its normal operating range in at least one test vector generated. If a specific robustness value is
missing for an input, HiLiTE attempts to generate additional robustness tests for that input. HILiTE
generates three robustness test cases for each input block:

Above Normal Op Range Max
Within Op Range Max and Min
Below Normal Op Range Min

An operating range for each Inport block must be specified in either the block properties (Lower Range
and Upper Range ) or in a range file. If the range is not specified in either place, HILiTE will use a
default range.

[Inpui1 i, L [1]
125101075

Clpull (21 [1]

[Inpuiz i1, L [2]
S25 10115

preduci

For the block Inputl, HiLiTE generates two test cases, as shown in Table 43.

Table 43. Dynamically generated test cases for Inport (HW)

Tests for Block: Inputl
Block Type: Inport; Mask Type: Inport {HW)

Test Case Templates (standard): At or Above Op Range Max, At or Below
Op Range Min

Block
Under Test
Ports
Mormal
Test Mo.of | Range Sutput
Test Case Mame Test Case Descrpton Requirements| Time .
min — -12.5

Covered Steps
max — 10.75

At or Abowe Op e e Feq. = Test
Fange Max B Lo T 1 10750001
At or Below Op R Feq. = Test
Fange Min S Caza 1 12500001
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Bus Selector (HW)

For the Bus Selector (HW) block, HiLiTE generates one test case for each selected signal from the input
port.

I o

b= TP

usSelednr1
Input to the bus selector block must be connected to the output of a Bus Creator block

Selecting signals from input

In the window that opens when you double click on Bus Selector block, select signals from the Signal
Names list. Click on the Select button to add them to the Selected Signal Names list. You can reorder
your selections using the Up/Down/Remove buttons next to the Selected Signal Names list.

) ...ator_Switch_Selector/busSelector [Z| |E|rz|
Ea

Signal Marmes:

Select |

Selected Sighal Matmes:
[ Up |

[ Doz ]

[ Fetnove ]

Input Bus Mame: | bus |

[ Help ] [ Fevert ] [ Dane ]

Generated Test cases:

1. Output Port 1 signal Signall from Input Port signal Signall — Test cases for testing the signal
selected Signall.

2. Output Port 2 signal Signal2 from Input Port signal Signal2 - Test cases for testing the signal
selected Signal2.

Table 44 shows dynamic test case templates for the Bus Selector Block.
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Table 44. Dynamically generated test cases for a Bus Selector block

Tests for Block: BusSelectorCascadel
Block Type: BusSelector; Mask Type: Bus Selector (HW)

Test Case Templates (Standard): Output Port 1 signal Signall from Input
Port signal Signall, Output Port 2 signal Signal2 from Input Port signal Signal2

Block Under Test Ports
Normal
Range Input | Output[1] Output[2]
Test No. of 1
Test Case Name Test Case Description Requirements | Time | min - 10 1 -10
Covered Steps =
23
max — 13 23 13
Output Port 1 signal _
Signall from Input  Test for normal operation Req. = Test 1 23 23 X
. . Case
Port signal Signall
Output Port 2 signal _
Signal2 from Input | Test for normal operation Eeq. = Test 1 13 X 13
. . ase
Port signal Signal2

Test Point (HW)

Test Point blocks work as secondary stimuli if the input testEnable value is True, else they are pass
throughs. The stimulus is applied by overwriting externally (privately) visible global variables in the code
that represent constants inside the Test point block., HiLiTE will locate the testgain and testbias external
variables in the model source and set that variable’s value to create a secondary stimulus.

The input accepted by a Test Point block is dependent on the data type selected in the MATLAB model.
From the window opened by double-clicking on the Test Point block, select the appropriate data type, and

click on the Done button.
E)oX]

J ...ntBlockAsOverride/TP_RateLimiter

Drata Type:

double

[ Help ]

hooleah

Impossi
Test "l int32

Generated Test cases for Boolean Test Points

TP_Rise15hott
(boolean)

HiLiTE generates two test vectors for Boolean Test Points:

1. testEnable set to false — when testEnable is set to false the block works as pass through, this
vectors test pass through functionality, here testEnable is set to false and input is set to value and
same value is expected at output.
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2. testEnable set to true - when testEnable is set to true the block works as secondary stimulus, this
vectors test secondary stimulus functionality, here testEnable is set to true and input is set to don’t
care and testgain, testbias are set to value and same value is expected at output.

Table 45 shows Dynamic test case templates of a Test Point Boolean block.
Table 45. Dynamically generated test cases for a Test Point Boolean block

Tests for Block: TP_RiselShotl
Block Type: TestPoint; Mask Type: Test Point (HW)

Test Case Templates (Standard): Op Max Signal Number [0], Op Min Signal
Number [0]

Block Under Test Ports ‘
Test No. of ’\é‘;r:;ael Input  |OverrideGa OverrideBi| Output
Test Case Name Test Case Description Requirements | Time = 0 0 0 0
Covered Steps | MN—> |
max — 1 0 1 1
Op Max Signal testEnable set to false Req. = Test 1 1 X X 1
Number [0] Case
Op Min Signal testEnable set to true Req. = Test 1 X 0 0 0
Number [0] Case

Generated Test cases for numeric Test Points

TP_RateLimitar
{int32)

HiLiTE generates two test vectors when the selected data type is double/int32/uint32:

1. testEnable set to false — when testEnable is set to false the block works as pass through, this
vectors test pass through functionality, here testEnable is set to false and input is set to value and
same value is expected at output.

2. testEnable set to true - when testEnable is set to true the block works as secondary stimulus, this
vectors test secondary stimulus functionality, here testEnable is set to true and input is set to don’t
care and testgain, testbias are set to value and same value is expected at output.

Table 46 shows Dynamic test case templates for a Test Point Numeric block.
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Table 46. Dynamically generated test cases for a Test Point Numeric block

Tests for Block: TP_RateLimiter
Block Type: TestPoint; Mask Type: Test Point (HW)
Test Case Templates (Standard): Op Max Signal Number [0], Op Min Signal
Number [O]
Block Under Test Ports
Test No. of I\Il?c;;rznil Input  OverrideGa OverrideBi Output
Test Case Name Test Case Description Requirements Time . 9 20 0 20 20
Covered Steps MIN— 2 = 2
max — 32 0 32 32
Op Max Signal Req. = Test
Number [0] testEnable set to false Case 1 32 X X 32
Op Min Signal Req. = Test
Number [0] testEnable set to true Case 1 X 0 -20 -20

Stimulation Blocks
HiLiTE generates dynamic tests for two types of stimulation blocks:

1. Stimulate Boolean (HW)
2. Stimulate Numeric (HW)

Stimulate Boolean (HW)
A Stimulate Boolean block can be used as a secondary stimulus or as a pass through.

) Stim
Bool

stimBool

If DisconnectPort is False the block works as a secondary stimulus; else, it works as a pass through.

HiLiTE generates test cases to test secondary stimulus and pass through using operating range min and
operating range max values, also test cases are generated to test secondary stimulus when input is set
operating rang min and operating range max.

Generated test cases

1. Override Input at Op Max — Test case test for testing Override functionality by setting
OverridelnputPort to Op max and input port to Don’t care and DisconnectPort to 0;.

2. Override Input at Op Min — Test case test for testing Override functionality by setting
OverridelnputPort to Op Min and input port to Don’t care and DisconnectPort to O;.

3. Upstream Input at Op Max & pass thru to output - Test case test for testing Pass Through
functionality by setting InputPort to Op Max and OverridelnputPort to 0.

4. Upstream Input at Op Min & pass thru to output - Test case test for testing Pass Through
functionality by setting InputPort to Op Min and OverridelnputPort to 0.

5. Override Partially Active with Upstream Input = 1 - Test case test for testing Override
functionality by setting OverridelnputPort to Op Min and input port to 1 and DisconnectPort to 0.
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6. Upstream Input at Op Max and Override Input at Op Max - Test case test for testing Override
functionality by setting OverridelnputPort to Op Max and input port to 0 and DisconnectPort to 1.

Table 47 shows the dynamic test case templates for a Stimulate Boolean block.

Table 47. Dynamically generated test cases for a Stimulate Boolean block

Tests for Block: stimBool
Block Type: StimulateBoolean; Mask Type: Stimulate Boolean (HW)

Test Case Templates (Standard): Override Input at Op Max, Override Input at
Op Min, Upstream Input at Op Max & pass thru to output, Upstream Input at Op

Min & pass thru to output, Override Partially Active with Upstream Input = 1,
Upstream Input at Op Max and Override Input at Op Max

’ Test Case Name

Override Input at Op
Max

Override Input at Op
Min

Upstream Input at Op
Max & pass thru to
output

Upstream Input at Op
Min & pass thru to
output

Override Partially
Active with Upstream
Input = 1

Upstream Input at Op
Max and Override Input
at Op Max

Test Case Description

test override capability - set
override input at max value of
input operating range and
expect it at output

test override capability - set
override input at min value of
input operating range and
expect it at output

test signal pass thru capability
- disable override, set max
range at input and expect it at
output

test signal pass thru capability
- disable override, set min
range at input and expect it at
output

Set up upstream input and
partial override - test case for
internal design coverage, if
needed

test override capability - set
input and override input at max
value of operating range and
expect it at output

No. of
Time
Steps

[

Normal
Range

min —
max —

Input

0
1

Block Under Test Ports

Disconnect Overrideln
0 0
1 1
0 1
0 0
1 0
1 0
0 0
0 1

Output

Stimulate Numeric (HW)

A Stimulate Numeric block can be used as a secondary stimulus or as a pass through.

Stim
Mum

—»

stimMum

If DisconnectPort is False, then the block works as a secondary stimulus; else, it works as a pass through.

HiLiTE generates test cases to test secondary stimulus and pass through using operating range min and
operating range max values.
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Generated test cases

1. Override Input at Op Max - Test case test for testing Override functionality by setting
OverridelnputPort to Op max and input port to Don’t care and DisconnectPort to 0.

2. Override Input at Op Min - Test case test for testing Override functionality by setting
OverridelnputPort to Op Min and input port to Don’t care and DisconnectPort to 0.

3. Upstream Input at Op Max & pass thru to output - - Test case test for testing Pass Through
functionality by setting InputPort to Op Max and OverridelnputPort to 0.

4. Upstream Input at Op Min & pass thru to output - Test case test for testing Pass Through
functionality by setting InputPort to Op Min and OverridelnputPort to 0.

Table 48 shows the dynamic test case templates for a Stimulate Numeric block.

Table 48. Dynamically generated test cases for a Stimulate Numeric Block

Tests for Block: stimNum
Block Type: StimulateNumeric; Mask Type: Stimulate Numeric (HW)

Test Case Templates (Standard): Override Input at Op Max, Override Input at
Op Min, Upstream Input at Op Max & pass thru to output, Upstream Input at Op
Min & pass thru to output

Block Under Test Ports
e Input  Disconnect Overrideln Output
Range
No. of
Test Case Name Test Case Description Time e 16 0 16 16
Steps
max [ 144 1 144 144
test override capability - set
Override Input at Op  override input at max value of
Max input operating range and 1 X 0 144 144
expect it at output
test override capability - set
Oyernde Input at Op pverrlde input at min value of 1 X 0 16 16
Min input operating range and
expect it at output
Upstream Input at Op  test signal pass thru capability -
Max & pass thru to disable override, set max range 1 144 1 0 144
output at input and expect it at output
Upstream Input at Op  test signal pass thru capability -
Min & pass thru to disable override, set min range 1 16 1 0 16
output at input and expect it at output

Vector Assignment (HW)

For the Vector Assignment (HW) block, HiLiTE generates one test case for each output signal at the Y
(output) port.
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O ot 71 [1]

i

double

i

outd (f) [2

double (5 2

canstantz

cedoublei[1 2 3 4 5 6] sout
auble

Sy o LA 3 out? () [3]
c I double (3) U2 YE) Y % Dmx
constanti E double
oublef 200 1000 1100 12007 4 — v 4 outd (f) [4]
we CTOr Ignmen
E uint32 (4] P —
constants

c=uint 3203 2 1 5]

dauble Ut (1B

i

dehdux

HiLiTE gives priority to signals coming into the U2 port to drive the output by setting appropriate values
at the E port. If the U2 port cannot drive the output, then HiLiTE will select the corresponding signal at
the U1 port to drive the output.

HILIiTE uses a zero-based index while generating the test case name to select a particular signal of the
vector. For example, the test “U2 port signal: [2] Driving The Output” means that HiLiTE has attempted
to generate the test case where the value at the 3" signal of the U2 port will be at the output port. Also
note proper values are placed at all (not only 3" signal ) signals at the E port.
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Table 49. Dynamically generated test cases for Vector Assignment (HW) block

signal name —»

ul u2 E Y

U1 port signal: [5]
Driving The Output

o X X X X X

OFr NW

range
1 1100
2 900 3 1000
. 3 1000 2 900
min= g 1100 1 4
} 5 1200 5 1200
Time
Test Case Name Steps 6 6
1 1100
2 900 3 1000
3 1000 2 900
max—=1 - 4 1100 1 4
5 1200 5 1200
6 6
1100
X 3 X
U2 port signal: [2] 1 X X 2 X
Driving The Output 1100 1 X
X 5 X
X
X
X 3 1000
U2 port signal: [1] 1 X 1000 2 X
Driving The Output X 1 X
X 5 X
X
X
900 3 X
U2 port signal: [0] 1 X X 2 900
Driving The Output X 1 X
X 5 X
X
X X
X 3 X
U1 port signal: [3] 1 X X 2 X
Driving The Output 4 1 4
X 5 X
X X
X
X 3 X
U2 port signal: [3] 1 X X 2 X
Driving The Output X 1 X
1200 5 1200
X

@ X X X X X
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Appendix J. Generating Test Vector Output for
VectorCast Platform

VectorCAST is a third party tool that supports structural coverage analysis and requirements based
verification at the target level. The HTVC Tool generates the VectorCAST executable script file using the
HiLITE test vectors (in the *.CSV file).

The HTVC (HILIiTE Test Vectors to VectorCAST conversion) tool is integrated with HiLiTE to support
the auto-generation of VectorCAST script files. These VectorCAST scripts will be executed on the model
implementation object code at the target level to ensure that the executable object code satisfies the low
level requirements defined for that model. The HIiLiTE tool in conjunction with the HTVC tool thus
provides a complete end-to-end software verification solution whereby users can verify their Simulink
model initially at the model level and then at the target level by executing the auto-generated
VectorCAST script files on the model implementation object code. Figure 122 illustrates the conversion
process.
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—
Range Files R
~— HiLite Tool Reportfiles
i .csv test
MATLAB Reads range fllesd | N vootore
Testcase 2 Model » Imports MATLAB mode
Specific files o Analyzes model
Generates test vectors
ST_5IXXXXXX
_Disposition_F > <+ csv testvectors
\__ ile.txt
HTVC Tool .
— Reads config files BAT file
Config fil Parses test vectors Output Testcase
g s > files executable in
_— Generates VectorCAST | | VectorCAST
test scripts
cscl < .BAT template
Specific files .ENV template »>
.TST template

-

Figure 122 - MATLAB Model to VectorCAST executable Test Case Conversion Process

Testcase Specific files

o Range Files - Range file is the input to HILiTE tool, this files contains the information of input
ranges.

o MATLAB Model - is input to HiLiTE, model for which the test case need to be generated.

o S| 5IXXXXXX_Disposition.txt — Is input to HTVC tool, should the present in folder path same
as HiLIiTE Vectors.csv Path and file name should follow format of
SI_51IXXXXXX_Disposition.txt , here X in file name can be any number[0-9].

CSCI Specific Files

o Config file — This is the initialization file(ini), which is input to the HTVC tool, this files specifies
absolute path of template file BAT, ENV and TST.

e .BAT, .ENV and .TST are inputs to HTVC tool, they are used during conversion to VectorCAST.
OptionSet Elements for Output Generation to HTVC

Option sets identify how HiLiTE will handle certain block characteristics, the test harness for which you
want output generated, and other special circumstances. When you generate output for use with HTVC,
you must use this element to identify the output generator (HTVC).

OptionSet elements in a HILITE command file can be used as sub elements of either the <Command> or
<Model> element. Option sets included in the <Model> element take precedence over those in the
<Command> element. The following example shows how to use option sets to create HTVC output.
Table 50 defines the key values that can be used with the HTVC OptionSet.
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<Command name=""TestGen"">
<OptionSet name=""TestGenDirectives'>
<Option key="MakeStimAndObsPointSuggestions'>0n</Option>
</OptionSet>
<OptionSet name='Source'>
<Option key="Format'>HAMRTW</Option>
<Option key="R2007a">true</Option>
<Option key="Declarations">{model}.h</Option>
</OptionSet>
<OptionSet name="HTH">
<Option key="GenerateHarnessCode">True</Option>
<Option key="UY_10_Style'">True</Option>
</OptionSet>
<OptionSet name = "HTVC">
<Option key="GenerateVectorCastOutput'>0n</Option>
</0OptionSet>
<Model name=""TCS_CTRL_MDL24" rateHz="5">
</Model>
</Command>

Table 50. Key Values Available for the HTVC OptionSet

Keys Definition and Available Values

< Option

key="GenerateVectorCastOutput "> HTVC specifies that HiLiTE should create output to use in the

On HTVC test harness. If you use this value, you must create a
HTVC option set in which you specify the character set to use
in the output.
GenerateVectorCastOutput On specifies HILITE generate t
Vector Cast format output fils.

<Option GenerateHarnessCode should the set to ture, which instructs

key="GenerateHarnessCode">True</O | the HiLIiTE to Generate the interface files, HTVC tool uses this

ption> interface files.
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Beyond Boundary, 242
block attributes

supported by HIiLiTE, 228
block libraries, HiLiTE support for, 208
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capturing, 144
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coverage, 240

coverage reporting, 111

creating, 141

robustness, 111
Block Type, definition, 129
blocks

complex, 70
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BlockType, 49
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HiLIiTEMgmt, 48, 235
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LibraryMapping, 236
Model, 29, 32, 49, 53, 235
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OptionSet, 33, 54
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ProjectPath, 25
Root, 42
SuggestedObservationPoints, 94
SymbolFile, 28, 53, 194
TemplateDBFile, 153
TemplateDBFile, 33
TemplateProc, 49
TestOutput, 25, 42, 102
ToolKeywords, 237
Translation, 49
User, 42
Version, 42
command file elements:, 220, 273
command file processing, 52
command files
about, 5, 6, 10, 52
advanced elements, 48
basic elements, 25
column specification, 195, 196
creating, 11, 23
diagnostic elements, 234
elements, 31, 186
format, 23

INDEX
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model analysis, 116

observation points, 95

reading, 24

Stateflow, 81

test generation, 53, 55
command options, 30
common block attributes, 233

compiling and linking model and harness code, 164

compiling HTH code, 164
compiling model code, 165
complex blocks, 70
complex models, 91, 119

276

Version 7.8



analyzing, 119
Component Test Platform, 218
condition coverage
test cases, 74
configuration data, 7, 152
configuration file errors, 186
configuring changes to blocks and templates, 152
creating
block requirements, 141
command files, 11, 23
data type files, 194, 195
models, 10
range files, 11, 194, 195
templates, 142
test cases, 146
test cases, tips, 149
CTP test vectors, 218

data type files
creating, 194, 195
data types, 134
debug vectors, 79
definitions, xv, xviii, 92
design defects, 104
diagnostics, 234
DO-178B objectives, 2, 91, 102, 110, 207
DOS command prompt, 6
DOS command window, 15
output, 97
dynamic templates, 240

E

elements, command file, 23, 25, 30, 31, 48, 186, 220, 234,
273, See also command file elements for individual

elements
errors, 98, 186
data type and range propagation, 107
model, 121
spurious in status report, 108
Stateflow, 112
example models, 10, 56
memory switch pattern, 67
RiggedUnrigged, 84
SimpleExampleModel, 163
Statechart_In_Isolation.mdl, 75
Stateflow, 84
Validated Localizer, 63
examples, 24, 28, 69, 95
BasicMath, 55, 58
Stateflow, 83
test generation, 63
expected output values, 69
extensive model analysis, 119

F

FAQ, troubleshooting, 191
file location, 24
file paths, 24
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formatting path designations, 24

forward propagation, 61
function blocks, 70

functional requirements, 3, 110, 111

generated tests, 57

generating test cases, 51

generating test vectors
CTP, 218

generating tests, 12, 15

groups, test cases, 148

HAM block attributes

G

H

supported by HIiLIiTE, 229

HAM block library, 208
HAM blocks, 240

HAM versions, HIiLiTE support for, 208

HILIiTE, 10
command files, 6
configuration data, 7
executing, 5, 12, 15
how it works, 1, 10, 52
input, optional, 7
input, required, 6
installation procedures, 2
logs, 7, 99
output, 7, 15, 57
processing, 10
processing requirements,
support, 2, 186
tutorial, 9

HILIiTE Shell, 5, 12

HILIiTE support for block libraries, 208
HILIiTE support for HAM versions, 208
HILIiTE support for MATLAB versions, 208

HiLiTE Test Harness, 162

2

Index

HILIiTE Test Vectors to VectorCAST conversion, 272

HTH executable, 166
HTVC OptionSet, 273
HTVC Tool, 272

improving test generation coverage, 91

INI file, 182

interface requirements, 35, 110, 111

interpolation, 242
isolated Stateflow charts, 75

keyword files, 8

Lag filter, test report, 65
log files, 7, 99
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lookup tables, 242

M

makefiles, 166
mapping files, 8
mapping test cases to block requirements, 141
MATLAB models, 7
MATLARB versions, HiLiTE support for, 208
MDVD, 161
measuring expected output, 61
messages
warning and error, 99
messages, 186
minimum distinct value difference, 158, 161
model analysis, 7, 104, 115
model defects, 121
model summary reports, 57, 102
models
complex, 91
creating, 10
design defects, 104
examples, 10, 61
MATLAB, 7
modified block data, 152
modified templage data, 152
modifying templates, 145
multi-chart StateFlow models, 81

O

objectives
DO-178B verification, 2, 91, 102, 110, 207

observation points, 3, 4, 61, 62, 91, 93
placement, 95

option key values, 30

Option keys, 23, 33, 62, 94, 96, 220, 238

option sets, 273

option sets for CTP, 219

OptionSet, 49
CTP, 45, 220
DataTypeAndRange, 40
DisableTestPointsExplicitly, 41
General, 34, 220
HTH, 164
HTVC, 273
ModelAnalysisDirectives, 46, 126
SateFlowOptions, 81
Scripts, 238
SignalBoundaries, 38, 62, 75, 95, 96, 237
Source, 43
Source, 220
Source, 225
StateflowDebugVectorsOption, 38
StateflowOptions, 36
TestGenDirectives, 35, 93
TestGenLimits, 34, 239
UnitDelayOverrideVariables, 47
UseExplicitAT3Anchors, 225
UseExplicitPortVariableNames, 42, 62, 63
UseExplicitSUTName, 45
ZipFilesOption, 44
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test vectors, 8, 94
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P

path designations, 24
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propagation, 61
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creating, 194, 195
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S

secondary stimuli, 91
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Stateflow
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StateflowTestCreation, 103
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