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1 Getting Started

Simulink Design Verifier Product Description

Identify design errors, generate test vectors, and verify designs
against requirements

Simulink Design Verifier uses formal methods to identify hard-to-find design
errors in models without requiring extensive tests or simulation runs. Design
errors detected include dead logic, integer overflow, division by zero, and
violations of design properties and assertions.

Simulink Design Verifier highlights blocks in the model containing these
errors and blocks proven to be without them. For each block with an error,
it calculates signal-range boundaries and generates a test vector that
reproduces the error in simulation.

The generated test vectors provide simulation inputs that exercise
functionality captured in the model structure and specified by the test
objectives. The test vectors, together with the design properties and test
objectives, can be used to verify code running in software-in-the-loop (SIL)
and processor-in-the-loop (PIL) test configurations.

Learn more about verification, validation, and test in Model-Based Design
and support for certification standards in automotive, aerospace, and
industrial automation applications.

Key Features

e Polyspace® and Prover Plug-In formal analysis engines

e Detection of dead logic, integer and fixed-point overflows, division by zero,
and violations of design properties

¢ Blocks and functions for modeling functional and safety requirements

¢ Test vector generation from functional requirements and model coverage
objectives, including condition, decision, and modified condition/decision

MCDC)

® Property proving, with generation of violation examples for analysis and
debugging

¢ Fixed-point and floating-point model support

1-2
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Simulink® Design Verifier™ Block Library

Simulink Design Verifier Block Library

To open the Simulink Design Verifier block library, type at the MATLAB®
prompt, type sldvlib.

©-© W

Ohbjectives and Constraints Verification Utilities
—_rrn_
1 Example
xxxxxxxxxxxxxxxxxxxxxx - Properties

Temporal Operators

The Simulink Design Verifier block library has three categories of blocks:

¢ Objectives and Constraints — Blocks that define custom objectives and
constraints

e Temporal Operators — Blocks that define temporal properties on Boolean
signals

e Verification Utilities — Miscellaneous verification utilities
The block library also has a sublibrary, Example Properties, that includes

examples of how to specify common properties in your model. You can easily
adapt these examples for use in your models.



1 Getting Started

Analyze a Model

In this section...

“About This Example” on page 1-4
“Open the Model” on page 1-4

“Generate Test Cases” on page 1-6

“Combine Test Cases” on page 1-24

About This Example

The following sections describe an example model, Cruise Control Test
Generation. This example illustrates how to use the Simulink Design Verifier
software to generate test cases that achieve complete model coverage.
Through this example, you learn how to analyze models with the Simulink
Design Verifier software and interpret the results.

Open the Model

To open the Cruise Control Test Generation model, at the MATLAB prompt,
enter:

sldvdemo_cruise_control



Analyze a Model

Simulink Design Verifier
Cruise Control Test Generation

enable

[;J
¥

brake throt 1 )

@
¥

set [0 100]
Actual speed

speead

[

8
h

ine target———»(( 2 )
inc target

dec

@
¥

dec

Controller

This example shows howto generate test cases that achieve complete model
coverage. By default, Simulink Design Verifier generates test cases that satisfy
objectives in the fewest steps. One ofthe test objectiv es forces the discrete integrator
in the Pl controller to exceed its upper limit. When you run Simulink Design Verifier
without canstraints, the limitis exceeded in a single step by forcing speed to be 500.
The constraint on speed limits the values in test cases between 0 and 100. This

forces the test casesto take several samples to exceed the integrator limit.
T A AR AAAAANNNAN—A—A—N——A—— R RRRRRRRRRNN NN NN NNRRRRA——RRAEEEE GGG

Togale Speead
Constraint
{double-click)

Run
{double-click)

View Options
{double-click)

Run Simulink Design Verifier Toggle Constraint  View Simulink Design Verifier Options

1-5



1 Getting Started

Generate Test Cases

“Run Analysis” on page 1-6

“Generate Analysis Results” on page 1-8

“Highlight Analysis Results on Model” on page 1-9

“Generate Detailed Analysis Report” on page 1-12

“Create Harness Model” on page 1-19

“Simulate Tests and Produce Model Coverage Report” on page 1-23

Run Analysis

To generate test cases for the Cruise Control Test Generation model, open the
model window and double-click the block labeled Run.

Simulink Design Verifier begins analyzing the model to generate test cases,
and the Simulink Design Verifier Results Summary window opens. The
Results Summary window displays a running log showing the progress of
the analysis.



Analyze a Model

P

Simulink Design Verifier Results Summary: sldvdemo_cruise_con... @

Progress |

Objectives processed 32/34

m

Satisfied 32
Falsified 0
Flancad tima ne=n il

m

12-Jun-2013 15:40:44

Starting test generation for model 'sldvdemo_cruise_control'
Compiling model... done

Translating model... done

'sldvdemo_cruise_control' is compatible with Simulink
Design Verifier,

Generating tests...

SATISFIED

Controller/Logical Operator

Logic: MCDC expression for output with input port 3 T
Analysis Time = 00:00:00

SATISFIED i

Highlight | |  Stop

-

If you need to terminate an analysis while it is running, click Stop. The
software asks if you want to produce results. If you click Yes, the software
creates a data file based on the results achieved so far. The path name of the
data file appears in the Results Summary window.

The data file is a MAT-file that contains a structure named sldvData. This
structure stores the data that the software gathers and produces during the
analysis.
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For more information, see “Simulink® Design Verifier™ Data Files” on page
13-9.

Generate Analysis Results
When the Simulink Design Verifier software completes its analysis of the

sldvdemo_cruise_control model, the Results Summary window displays
several options:

e Highlight analysis results on model

¢ Generate detailed analysis report

¢ Create harness model

¢ Simulate tests and produce a model coverage report

Note When you analyze other models, depending on the results of the
analysis, you may see a subset of these four options.
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P

Progress |

Objectives processed 34/34

Satisfied 34
Falsified 0
Elapsed time 0:06

Test generation completed normally.
All 34 objectives are satisfied

Results:

= Highlight analvsis results on model

* Generate detailed analvsis report

* Create harness model

* Simulate tests and produce a model coverage report

Data saved in: sldvdemo cruise control sldvdata.mat
in folder: H:
\DocumentsiR2013b\sldv output'sldvdemo cruise control

Simulink Design Verifier Results Surmmary: sldvdemo_cruise_con... @

s

m

View Log I I Close

-

The sections that follow describe these options in detail.

Highlight Analysis Results on Model

In the Simulink Design Verifier Results Summary window, if you click
Highlight analysis results on model, the software highlights objects in the

model in three different colors, depending on the analysis results:
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® “Green: Objectives Satisfied” on page 1-10
® “Orange: Objectives Undecided” on page 1-11
e “Red: Objectives Unsatisfiable” on page 1-11

When you highlight the analysis results on a model, the Simulink Design
Verifier Results Inspector opens. When you click an object in the model that
has analysis results, the Results Inspector displays the results summary for
that object.

Green: Obijectives Satisfied. Green outline indicates that the analysis
generated test cases for all the objectives for that block. If the block is a
subsystem or Stateflow® atomic subchart, the green outline indicates that
the analysis generated test cases for all objectives associated with the child
objects.

For example, in the sldvdemo_cruise_control model, the green outline
shows that the PI controller subsystem satisfied all test objectives. The
Results Inspector lists the two satisfied test objectives for the PI controller
subsystem.

v

In
—» error throt —

Pl Controller

P

'DE Simulink Design Verifier Results Inspector EI@
£t - W

Back to summary - Close results
sldvdemo_cruise_controlfController/PI Controller
enable logical value F SATISFIED - View test case
enable logical value T SATISFIED - View test case
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Orange: Objectives Undecided. Orange outline indicates that the

analysis was not able to determine if an objective was satisfiable or not. This
situation might occur when:

® The analysis times out

* The software satisfies test objectives without generating test cases due to:

= Automatic stubbing errors

= Limitations of the analysis engine

In the following example, the analysis timed out before it could determine if
one of the objectives for the Discrete-Time Integrator block was satisfiable.

P

'DE Simulink Design Verifier Results Inspector EI@

i) - R
Back to summary - Close results

sldvdemo_cruise_control/Controller/PI Controller/ Discrete-
Time Integrator

integration result <= lower limit F SATISFIED - View test case
integration result <= lower limit T

integration result »= upper limit F SATISFIED - View test case
integration result == upper limit T SATISFIED - View test case

Red: Objectives Unsatisfiable. Red outline indicates that the analysis

found some objectives for which it could not generate test cases, most likely
due to unreachable design elements in your model.

In the following example, input 2 always satisfies the criterion for the Switch
block, so the Switch block never passes through the value of input 3.

1-11
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v

—4
!
_I"-.__

v

—*1—
Switch

P "

'F'E Simulink Design Verifier Results Inspector EI@
b - B

Back to summary - Close results
sldvdemo_cruise_control_red_switch/Controller/Switch
logical trigger input false (outputis  UNSATISFIABLE

from 3rd input port)

logical trigger input true (outputis  SATISFIED - View test case
from 1st input part)

Generate Detailed Analysis Report

In the Simulink Design Verifier Results Summary window, if you click
Generate detailed analysis report, the software saves and then opens a
detailed report of the analysis. The path to the report is:

<current_folder>/sldv_output/...
sldvdemo_cruise_control/sldvdemo_cruise_control_report.html

The HTML report includes the following chapters.
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Table of Contents

1. Summary

2. Analysis Information

. Test Objectives Status
. Model Items

. Test Cases

LI Ny L

For a description of each report chapter, see:

¢ “Summary” on page 1-13

e “Analysis Information” on page 1-14

e “Test Objectives Status” on page 1-16

e “Model Items” on page 1-17

e “Test Cases” on page 1-18

Summary. In the Table of Contents, click Summary to display the
Summary chapter, which includes the following information:

¢ Name of the model

® Mode of the analysis (test generation, property proving, design error
detection)

e Status of the analysis
® Length of the analysis in seconds

¢ Number of objectives satisfied

1-13
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Chapter 1. Summary

Analysis Information

Model: sldvdemo cruise control
Mode: TestGeneration

Status: Completed normally
Analysis Time: 7s

Objectives Status

Number of Objectives: 34
Objectives Satisfied: 34

Analysis Information. In the Table of Contents, click Analysis
Information to display information about the analyzed model and the
analysis options.

1-14
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Chapter 2. Analysis Information

Table of Contents

Model Information
Analysis Options
Constraints
Approximations

Model Information

File:
Version:
Time Stamp:
Author;

Analysis Options

Mode:

Test Suite Optimization:
Maximum Testcase Steps:
Test Conditions:

Test Objectives:

Model Coverage Objectives:
Maximum Analysis Time:
Block Replacement:
Parameters Analysis:

Parameters Configuration File:

Save Data;
Save Harness:
Save Report:

sldvdemo_cruise control
1.56

Wed Jul 18 10:45:08 2012
The MathWorks Inc.

TestGeneration
CombinedObjectives
500 time steps
UseLocalSettings
UseLocalSettings
MCDC

605

off

on

sldv_params template.m
on

off

off

1-15
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Test Objectives Status. In the Table of Contents, click Test Objectives
Status to display a table of satisfied objectives. The following figure shows a
partial list of the objectives satisfied in the Cruise Control Test Generation
model.

Chapter 3. Test Objectives Status

Table of Contents

Obijectives Satisfied

Objectives Satisfied

Simulink Design Verifier found test cases that exercise these test objectives.

# Type Model Item Description Test Case

1 Decision Controller/Switch3 !Ogjcal trigger input false (output is from 3rd 8
input port)

2 Decision Controller/Switch3 }og:tcal trigger input true (output s from 1st 4
input port)

3 Decision Controller/Switch2 10g:tcal trigger input false (output is from 3rd 1
input port)

4 Decision Controller/Switch2 10g1ca1 trigger input true (output is from 1st g
input port)

5 Decision Controller/Switchl ngal trigger input false (output is from 3rd 5
input port)

6 Decision Controller/Switch1 10g:tcal trigger input true (output is from 1st g
input port)

7 Condition Controller/Logical Operatorl Logic: input port 1 T 3

8 Condition Controller/Togical Operatorl Logic: input port 1 F 8

9 Condition Controller/Logical Operator2 Logic: input port 1 T 8

10 Condition Controller/Logical Operator2 Logic: input port 1 F 5

11 Condition Controller/Logical Operator2 Logic: input port 2 T 6

12 Condition Controller/Logical Operator2 Logic: input port 2 F 5

13 MCDC Controller/Logical Operator2 Logic: MCDC expression for output with input 3

port1 T

The Objectives Satisfied table lists the following information for the model:

® # — Objective number
e Type — Objective type

¢ Model Item — Element in the model for which the objective was tested.
Click this link to display the model with this element highlighted.
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¢ Description — Description of the objective

e Test Case — Test case that achieves the objective. Click this link for more
information about that test case.

In the row for objective 34, click the test case number (7) to display more
information about Test Case 7 in the report’s Test Cases chapter.

Test Case 7

Summary
Length: 0.06 second (7 sample periods)
Objectives 1

Satisfied:

Objectives

Step Time Model Item
7 0.06 Controller/PI Controller/Discrete-Time Integrator

Generated Input Data

0.01-

Time |0 0.08 0.06
Step |1 2-6 7
enable |1 1 1
brake |0 0 0

set 1 0 1
inc 1 1

dec 0 0 -
speed |97 0 0

Objectives
integration result >= upper limit T

In this example, Test Case 7 satisfies one objective, that the integration result
be greater than or equal to the upper limit T in the Discrete-Time Integrator
block. The table lists the values of the six signals from time 0 through time

0.06.

Model Items. In the Table of Contents, click Model Items to see detailed
information about each item in the model that defines coverage objectives.
This table includes the status of the objective at the end of the analysis. Click
the links in the table for detailed information about the satisfied objectives.

1-17
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Chapter 4. Model Items

Table of Contents

Controller/Switch3

Controller/Switch2

Controller/Switchl

Controller/Logical Operatorl

Controller/Logical Operator2

Controller/Logical Operator

Controller/PI Controller

Controller/PI Controller/Discrete-Time Integrator

This section presents, for each object in the model defining coverage objectives, the list of objectives and their individual status at the end of the analysis. It
should match the coverage report obtained from running the generated test suite on the model, either from the hamess model or by using the sldvruntests

command.
Controller/Switch3
View
L Test
He Type Description Status Case
logical trigger input
1 Decision false (output is from Satisfied |8
3rd input port)
logical trigger input true
2 Decision (output is from 1st Satisfied |4
input port)
Controller/Switch2
View
N Test
# Type Description Status Case
logical trigger input
3 Decision false (output is from  |Satisfied|1
3rd input port)
logical trigger input true
4 Decision (output is from 1st Satisfied 8
mput port)

Test Cases. In the Table of Contents, click Test Cases to display detailed
information about each generated test case, including:

Length of time to execute the test case

Number of objectives satisfied

Detailed information about the satisfied objectives

Input data

1-18
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For an example, see the section for Test Case 7 in “Test Objectives Status”

on page 1-16.

Create Harness Model

In the Simulink Design Verifier Results Summary window, if you click
Create harness model, the software creates and opens a harness model

named sldvdemo_cruise_control_harness.

Test Case 1

™
L

Size Type
znablz enablz
brake I | brake
=zt z=t
NG » P inc
deo dec
]
spead [+ E=

Inputs

DO

Teaxt

Test Case Explanation

The harness model contains the following blocks:

throt

tangst

— ()

throt

target

Test Unit {copied from sldvdemo_cruise_control)

® The Test Case Explanation block is a DocBlock block that documents the
generated test cases. Double-click the Test Case Explanation block to view
a description of each test case for the objectives that the test case satisfies.

1-19
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_T Editer - St\sca_sldvisldvdemo_cruise_contrel_hamess_testcases.bd

EDITOR coserclearal (Al |5 4 B [@ 9 @

Hl:llj ﬁ E EFlndF\le& Insert fx o ¢ X

| Compare ~  Comment GoTo =
Mew Open Save ] 2 e L EH] Breakpoints.
- - > FAPint - Indent (4 Find =~ -
FILE EDIT NAVIGATE BREAKPOINTS

[ sldvdemo_cruise_control_harness_testc.. ® ]

1 Test Case 1 (1 Cbjectives)

»

2 Parameter walues:

3

4 1. Controller/Switch2 - logical trigger input false (output is from 3rd input port) @ T=0.00

L

[ Test Case 2 (3 Objectives)

7 Parameter walues:

g

k] 1. Controller/Logical Cperator - Logic: input port 1 F @ T=0.00

10 2. Controller/Logical Operator - Logic: MCDC expression for output with input port 1 F @ T=0.00
11 3. Controller/PI Controller - enable logical walue F @ T=0.00

13 Test Case 3 (3 Cbjectives)

14 Parameter values:

15 L
16 1. Controller/Logical Operatorl - Logic: input port 1 T @ T=0.00 3
17 2. Controller/Logical Operator - Logic: input port 2 F @ T=0.00

18 3. Controller/Logical Operator - Logic: MCDC expression for output with input port 2 F @ T=0.00

2 Test Case 4 (1 Cbjectives)
Parameter values:

iy

1. Controller/Switch3 - logical trigger input true (output is from 1=t input port) @ T=0.00

Test Case 5 (7 Cbjectives)
Parameter values:

LRI RRI ORI ORI ORI R R RS
[ =R R = R S R N

1. Controller/Switchl - logical trigger input false (output i=s from 3rd input port) @ T=0.00
2. Controller/Logical Operator2 - Logic: input port 1 F @ T=0.00 R
3. Controller/Logical Operator2 - Logic: input port 2 F @ T=0.00
31 4. Controller/Logical Operator2 - Logic: MCDC expression for cutput with input port 1 F @ T=0.00
32 5. Controller/Logical Operator2 - Logic: MCDC expression for output with input port 2 F @ T=0.00
33 6. Controller/Logical Operator - Logic: input port 3 F @ T=0.00
34 7. Controller/Logical Operator - Logic: MCDC expression for output withl input port 3 F @ T=0.00
35
36 Test Case & (2 Cbjectives)
37 Parameter wvalues:
38
39 1. Controller/Logical Cperator2 - Logic: input port 2 T @ T=0.01
40 2. Controller/Logical Operator2 - Logic: MCDC expression for ocutput with input port 2 T @ T=0.01
41
42 Test Case 7 (1 Cbjectives)
43 Parameter walues:
a4 ol
Click and drag to move the document bar... plain text file Ln 25 Col 27 OVR

® The Test Unit block is a Subsystem block that contains a copy of the
original model that the software analyzed. Double-click the Test Unit block
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to view its contents and confirm that it is a copy of the Cruise Control
Test Generation model.

Note You can configure the harness model to reference the model that you
are analyzing using a Model block instead of using a subsystem. In the
Configuration Parameters dialog box, on the Design Verifier > Results
pane, select Save test harness as model and Reference input model
in generated harness.

® The Inputs block is a Signal Builder block that contains the generated
test case signals. Double-click the Inputs block to open the Signal Builder
dialog box and view the eight test case signals.

® The Size-Type block is a subsystem that transmits signals from the Inputs
block to the Test Unit block. This block verifies that the size and data type
of the signals are consistent with the Test Unit block.

The Signal Builder dialog box contains eight test cases.

1 To view Test Case 7, from the Active Group list, select Test Case 7.

In Test Case 7 at 0.01 seconds:

The enable and inc signals remain 1.

The brake and dec signals remain 0.

The set signal transitions from 1 to O.

The speed signal transitions from 100 to 0.

1-21
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n Signal Builder (sldvdemo_cruise_control_harness/Inputs) * EI@
File Edit Group Signal Axes Help N
BH| SRR oo | =T 0EFREE > 1 o= Fa]| R
Active Group: | Test Case 7 .: G- E] E]
A TTTTTTTTmmt CooTTTren N N L oTTTTTTT e 'I
enable i : : : ; i I
1 b ; ; ; ; A4 Y
q | | | | | | |
brake
1 | | | | | | i
............... L ——
set . . , , :
R R R pomTemmemeenes peomtomeomeses R Y 3
Qb a a a N j
1 - ' : : : — - E
inc : . . . : .
L e pommrnnennes pornememeenes R R 3
| S— | S S ; i '
U|— : E E E
. | i i i
10 o A e R RS EEEEE LR e R R EEEEEEEEEEEE.-
spee H . ,
L e oo porremmmoees :
] : : :
i 0.0 0.02 0.03
Time (sec)
Lefi Point Right Point
brake {shown)
Hame: enatle iF: [ set {shown)
ine {shown)
Index: 1 - e f- dec {shown)
speed {shown) -
Click to select point or segment, Shift+click to add points enable (#1) [YMin ¥YMax ]
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In the Signal Builder block, the signal group satisfies the test objectives
described in the Test Case Explanation block.

2 To confirm that the Simulink Design Verifier software achieved complete

model coverage, simulate the harness model using all the test cases. In
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the Signal Builder dialog box, click the Run all and produce coverage

all
button ﬂ

The Simulink software simulates all the test cases. The Simulink
Verification and Validation™ software collects coverage data for the
harness model and displays a coverage report. The report summary
shows that the sldvdemo_cruise_control_harness model achieves 100%
coverage.

Summary

Model Hierarchy/Complexity:

D1 Cl MCDC
1. sldvdemo_cruise_control _harness 8 100% s 100% o 100%
2. ... Test Unit (copied from sldvdemo cruise control) 7 100% s 100% s 100% —
£ I Controller 7 100% e 100% —100% —
4 . PI Controller 4 100% o— NA NA

Simulate Tests and Produce Model Coverage Report

In the Simulink Design Verifier Results Summary window, if you

click Simulate tests and produce a model coverage report, the
software simulates the model and produces a coverage report for the
sldvdemo_cruise_control model. The software stores the report with the
following name:

<current_folder>/sldv_output/sldvdemo_cruise_control/...
sldvdemo_cruise_control_report.html

When you click Run all and produce coverage to simulate tests in the
harness model, you may see the following differences between this coverage
report and the report you generated for the model itself:

® The harness model coverage report might contain additional time steps.
When you collect coverage for the harness model, the model stop time
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equals the stop time for the longest test case. As a result, you might achieve
additional coverage when you simulate the shorter test cases.

® The cyclomatic complexity coverage for the Test Unit subsystem in the
harness model might be different than the coverage for the model itself due
to the structure of the harness model.

Combine Test Cases

If you prefer to review results that are combined into a smaller number of test
cases, set the Test suite optimization parameter to LongTestcases. When
you use the LongTestcases optimization, the analysis generates fewer, but
longer, test cases that each satisfy multiple test objectives. This optimization
creates a more efficient analysis and results that are easier to review.

Open the sldvdemo_cruise_control model and rerun the analysis with the
LongTestcases optimization:

1 Select Analysis > Design Verifier > Options.

2 In the Configuration Parameters dialog box, in the Select tree on the left
side, under the Design Verifier category, select Test Generation.

3 Set the Test suite optimization parameter to LongTestcases.
4 Click Apply and OK to close the Configuration Parameters dialog box.

5 In the sldvdemo_cruise_control model, double-click the block labeled
Run.

6 In the Results Summary window, click Create harness model.

In the harness model, the Signal Builder block and the Test Case
Explanation block now contain one longer test case instead of the eight
shorter test cases created earlier in “Generate Test Cases” on page 1-6.
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_T Editor - S\sca_sldvisldvdemo_cruise_control_hamess_testcase_long bt

EDITOR mﬂ@ﬁé E@@

I{:j ™~ E (5] Find Files Insert . f% 5 =

Compare ~  Comment = - o GoTo +

Mew Open Save — Breakpoints
v v v~ [FSPint - Indent |- | &g |5k 4 Find -
FILE EDIT NAVIGATE BREAKPOINTS
[;\dvdemo_crulse_contro\_hamess_testc‘.‘ X]
1 Test Case 1 (34 Objectives)
2 Parameter wvalues:
3
4 1. Controller/Switch3 - logical trigger input false (output is from 3rd input port) @ T=0.00
5 2. Controller/Switch3 - logical trigger input true (output is from 1st input port) @ T=0.02
[ 3. Controller/SwitchZ - logical trigger input false (output is from 3rd input port) @ T=0.03
7 4, Controller/Switch2 - logical trigger inmput true (output is from lst input port) @ T=0.00
8 5. Controller/Switchl - logical trigger input false (output is from 3rd input port) @ T=0.04
g 6. Controller/Switchl - logical trigger input true (output is from lst input port) @ T=0.00
10 7. Controller/Logical Operatorl - Logic: input port 1 T @ T=0.02
11 8. Controller/Logical Operatorl - Logic: input port 1 F @ T=0.00
2 9. Controller/Logical Operator2 - Logic: input port 1 T @ T=0.00
13 10. Controller/Logical Operator2 - Logic: input port 1 F @ T=0.04
14 11. Controller/Logical Operator2 - Logic: input port 2 T @ T=0.07
15 12. Controller/Logical Operator2 - Logic: input port 2 F @ T=0.04
16 13. Controller/Logical Cperator2 - Logic: MCDC expression for output with input port 1 T @ T=0.00
17 14. Controller/Logical Cperator2 - Logic: MCDC expression for output with input port 2 T @ T=0.07
8 15. Controller/Logical Operator2 - Logic: MCDC expression for output with input port 1 F @ T=0.04
13 16. Controller/Logical Operator? - Logic: MCDC expression for output with input port 2 F @ T=0.04
20 17. Controller/Logical Operator - Logic: input port 1 T @ .00
21 18. Controller/Logical Cperator - Logic: input port 1 F @ .01
22 19. Controller/Logical Cperator - Logic: input port 2 T @ .00
23 20. Controller/Logical Operator - Logic: input port 2 F @ .02
24 21. Controller/Logical Operator - Logic: input port 3 T @ .00
25 22. Controller/Logical Operator - Logic: input port 3 F @ .05
26 23. Controller/Logical Cperator - Logic: MCDC expression for output with input port 1 T € T=0.00
27 24. Controller/Logical Operator - Logic: MCDC expression for ocutput with input port 2 T @ T=0.00
28 25. Controller/Logical Operator - Logic: MCDC expression for cutput with input port 3 T @ T=0.00
29 26. Controller/Logical Operator - Logic: MCDC expression for output with input port 1 F @ T=0.01
30 27. Controller/Logical Operator - Logic: MCDC expression for output with input port 2 F § T=0.02
31 28. Controller/Logical Cperator - Logic: MCDC expression for output with input port 3 F € T=0.05
2 29. Controller/PI Controller - enable logical value F @ T=0.01
33 30. Controller/PI Controller - enable logical value T @ T=0.00
34 31. Conctroller/PI Controller/Discrete-Time Integrator - integration result <= lower limit F @ 0.00
35 32. Controller/PI Controller/Discrete-Time Integrator - integration result <= lower limit T @ T=0.14
36 33. Controller/PI Controller/Discrete-Time Integrator - integration resumlt >= upper limit F @ T=0.00
37 34. Controller/PI Controller/Discrete-Time Integrator - integration result >= upper limit T @ T=0.26
plain text file Ln 1 Col 1 OVR

7 Click Run all and produce coverage to collect coverage.

The analysis still satisfies all 34 objectives.
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Analyze a Subsystem

In addition to analyzing a model, you can analyze a subsystem within a
model. This technique is good for large models, where you want to review the
analysis in smaller, manageable reports.

This example analyzes the Controller subsystem in the
sldvdemo_cruise_control model.

1 Open the example model:

sldvdemo_cruise_control

2 Right-click the Controller subsystem, and select Design Verifier > Enable
‘Treat as Atomic Unit’ to Analyze.

The Function Block Parameters dialog box for the Controller subsystem
opens.

3 Select Treat as atomic unit.

An atomic subsystem executes as a unit relative to the parent model;
subsystem block execution does not interleave with parent block execution.
You can extract atomic subsystems for use as standalone models.

You must set the Treat as atomic unit parameter to analyze a subsystem
with the Simulink Design Verifier software.

After you set the parameter, other parameters become available, but you
can ignore them.

4 Click OK to close the dialog box.

5 Select File > Save As and save the Cruise Control Test Generation model
under a new name.

6 To start the subsystem analysis and generate test cases, right-click the

Controller subsystem, and select Design Verifier > Generate Tests for
Subsystem.
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7 The Simulink Design Verifier software analyzes the subsystem. When the
analysis 1s complete, view the analysis results for the Controller subsystem
by clicking one of the following options:

e Highlight analysis results on model
* Generate detailed analysis report
¢ Create harness model

¢ Simulate tests and produce a model coverage report

8 Review the results of the subsystem analysis and compare them to the
results of the full-model analysis described in “Analyze a Model” on page
1-4:

® The subsystem analysis analyzes the Controller as a standalone model.

® The Controller subsystem contains all the test objectives in the Cruise
Control Test Generation model, so both analyses generate the same
test cases.
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Analyze a Stateflow Atomic Subchart

In a Stateflow chart, an atomic subchart is a graphical object that allows you
to reuse the same state or subchart across multiple charts and models. You
can use the Simulink Design Verifier software to analyze atomic subcharts
individually. You do not have to analyze the chart that contains the atomic
subchart, or the model that contains the chart.

If you are having problems analyzing a large model, analyzing an atomic
subchart in a controlled environment is helpful. As described in “Bottom-Up
Approach to Model Analysis” on page 14-16, by analyzing atomic subcharts
or other components in the model hierarchy individually, you can analyze a
model to:

® Solve problems that slow down or prevent test generation, property
proving, or design error detection.

® Analyze model components that are unreachable in the context of the
container model or chart.

Note For more information about atomic subcharts, see “What Is an Atomic
Subchart?” in the Stateflow documentation.

Analyze an Atomic Subchart Using the Simulink
Design Verifier Software

The sf_atomic_sensor_pair example model models a redundant sensor
pair using atomic subcharts. This example analyzes the Sensor1 subchart in
the RedundantSensors chart.

1 Open the sf_atomic_sensor_pair example model:

sf_atomic_sensor_pair

This model demonstrates how to model a simple redundant sensor pair
using atomic subcharts.

2 Double-click the RedundantSensors chart to open it.
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ink Sensor

[Sensor.inFailed()]

ink Sensor?

[SensorZ.inF ailed()]

o

This Stateflow chart has two atomic subcharts:
® Sensori

® Sensor2

3 To analyze the Sensor1 subchart using the Simulink Design Verifier
software, right-click the subchart and select Design Verifier > Generate
Tests for Subchart.

During the analysis, the software creates a Simulink model named Sensor1
that contains the Sensor1 subchart. The new model contains Inport and
Outport blocks that respectively correspond to the data objects u and y

in the subchart.

1-29



1 Getting Started

) B In 1 Ot 1)

Sensori

The software saves the new model and other files generated by the analysis
in:

<current_folder>/sldv_output/Sensori
4 When the analysis is complete, view the analysis results for the Sensor1
subchart by clicking one of the following options:
¢ Highlight analysis results on model
¢ Generate detailed analysis report
* Create harness model

¢ Simulate tests and produce a model coverage report
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Basic Workflow for Simulink Design Verifier

The basic workflow for analyzing your model is described in the following
steps, with links to related documentation.

Step | Action See...
1 Check the compatibility of your model. “Check Model Compatibility” on page 3-2
2 If you want to work around compatibility | ® “What Is Block Replacement?” on page 4-2
limitations in your model or customize « . ”
. ¢ “Parameter Constraint Values” on page
model elements for analysis, you 5.9
can use Simulink Design Verifier
block replacement rules. If you want
to generate additional values for
parameters in your model during
analysis, use Simulink Design Verifier
parameter configurations.
3 Set Simulink Design Verifier options. “Simulink® Design Verifier™ Options” on
page 15-2
4 If you plan to generate test cases or prove | ® “What Is Design Error Detection?” on
properties in your model, first run design page 6-2
error detection for integer overflow and e “Detect Integer Overflow and
division by zero. . ”
Division-by-Zero Errors” on page
6-23
5 Analyze your model to: ¢ “Run a Design Error Detection Analysis”
on page 6-5
R .
Wit closign eaiums o “Workflow for Test Case Generation” on
® Generate test cases page 7-4
® Prove properties o “Workflow for Proving Model Properties”
on page 12-4
6 Generate the results. “Generate Analysis Results” on page 1-8
7 Interpret the results. “Results Interpretation and Use”
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® “Analyze a Simple Model” on page 2-2

e “Model Blocks” on page 2-4

e “Block Reduction” on page 2-5

e “Inline Parameters” on page 2-6

* “Large Models” on page 2-7

e “Handle Incompatibilities with Automatic Stubbing” on page 2-8
e “Nonfinite Data” on page 2-15

® “Approximations” on page 2-16

® “Logic Operations Short-Circuiting” on page 2-19
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Analyze a Simple Model

This simple Simulink model includes two Logical Operator blocks and a
Memory block.

Logical aut
|- =
D " scoR [ ] Operstar
in g v
Logical Memony
Cperator

The persistent information in this model is limited to the Boolean value of
the Memory block. The input to the model is a single Boolean value. The
following table describes the complete behavior of the model, including the
behavior that would result from an arbitrarily long sequence of inputs.

# | Input Memory Output of XOR Output of AND
Value Block = Next Block
Memory Value
1 false false false false
2 true false true false
3 false true true false
4 true true false true

Suppose you want to generate test cases that result in a true output; this goal
1s your test objective. If you run the Simulink Design Verifier software to
generate test cases that result in a true output, the software searches this
table to see if such a scenario is possible.

After the Simulink Design Verifier software discovers a configuration that
satisfies the test objective (in this case, when both the input and the Memory
block output are true), it needs to find a path to reach this configuration from



Analyze a Simple Model

the initial conditions. If the initial memory value is true, the test case only
needs to be a single time step (row 4) where the input was true.

If the initial memory value is false (the default), the test case must force the
memory value to be true. In this example, the path requires two steps:

1 The input value is true and the memory value is false (row 2). Thus, the
output of the XOR block is true, making the memory value true.

2 Now that the input value and memory value are both true (row 4), the
output is true, so the analysis achieves the specified test objective.

An infinite number of test cases can cause the output to be true, and
regardless of the state value, the output can be held false for an arbitrary time
before making it true. When the Simulink Design Verifier software searches,
it returns the first test case it encounters that satisfies the objective. This
case is invariably the simulation with the fewest time steps. Sometimes you
may find this result undesirable because it is unrealistic or does not satisfy
some other test requirement.

The same basic principles from this example apply to property proving

and test case generation. During test case generation, option parameters
explicitly specify the search criteria. For example, you can specify that the
Simulink Design Verifier software find paths for all block outputs or find only
those paths that cause the block output to be true.

During a property proving analysis, you specify a functional requirement, or
property, that you want the Simulink Design Verifier software to prove, for
example, that the output is always true. If the search completes without
finding a path that violates the property, the property is proven. If the
software finds a path where the output is false, it creates a counterexample
that causes the output to be false.

During an error detection analysis, the Simulink Design Verifier software
identifies objectives where data overflow or division-by-zero errors can and
cannot occur. The analysis creates test cases that demonstrate how the
errors can occur.
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Model Blocks

If your model contains Model blocks that reference external models, the
Simulink Design Verifier software creates test cases for the top-level model,
considering each referenced model in its execution context.

If you have multiple Model blocks that reference the same model, the software
analyzes each instance of the referenced model in the context from which it is
referenced. The software attempts to satisfy test objectives for each instance
within its execution context in the top-level model. If you have three Model
blocks that reference a certain model, the analysis produces results for all
three instances.

If you simulate the model using the test cases that the analysis generates, and
collect coverage, the Simulink Verification and Validation software combines
the coverage data for multiple instances of the same referenced model. The
simulation produces one set of coverage results for each referenced model; if
you have three Model blocks that reference a certain model, the simulation
produces one set of results for that referenced model.

For example, suppose you have three Model blocks that reference the same
model. Suppose also that referenced model has three test objectives. When
you run a Simulink Design Verifier analysis for the top-level model, the total
number of test objectives for the three Model blocks is nine. If you then
simulate the model with the test cases generated by the analysis, the coverage
results for that referenced model specify three test objectives.



Block Reduction

Block Reduction

Block reduction is a Simulink feature that lets you achieve faster execution
during model simulation and in generated code. When block reduction is
enabled, the Simulink software collapses certain groups of blocks into a
single, more efficient block, or removes them entirely.

When the Simulink Design Verifier software translates a model, block
reduction happens automatically, and blocks in unused code paths are
eliminated from the model. The Simulink Design Verifier results do not
include test objectives for blocks that have been reduced.

Consider the Switch block in the following model.

St

Switch

For this Switch block, the control input is always 0. If the Criteria for
passing first input block parameter is u2 ~= 0, the Switch block always
passes the third input through to the output port. When you analyze this
model, the Simulink Design Verifier software removes the Switch block from
the model and does not report any test objectives for the Switch block.

For more information about block reduction, see the description of the “Block
reduction” parameter.
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Inline Parameters

The Inline parameters parameter is a Simulink optimization that
transforms tunable parameters into constant values. For example, suppose
you have a Gain block whose Gain parameter is a, where a is defined in
the model workspace. During simulation, Simulink converts that Gain
parameter to a constant value, as defined in the workspace.

When the Simulink Design Verifier software translates a model, it transforms
all tunable parameters in the model into constant values, even if the Inline
parameters option is off.

To tune parameters for an analysis, define parameter values in a
parameter configuration file and specify that file in the Configuration
Parameters > Design Verifier > Parameters pane to apply those
parameter values during the analysis. For example, to constrain the values
of a Gain parameter a to integer values from 4 to 10, in the parameter
configuration file, specify the following:

params.a = int8([4 10]);

The analysis generates the specified values and returns results for those
values.

For detailed information about how to specify parameters during a Simulink
Design Verifier analysis, see “Define Constraint Values for Parameters” on
page 5-5.



Large Models

Large Models

In larger, more complicated models, the Simulink Design Verifier software
uses mathematical techniques to simplify the analysis:
¢ [t identifies portions of the model that do not affect the desired objectives.

¢ [t discovers relationships within the model that reduce the complexity of
the search.

¢ [t reuses intermediate results from one objective to another.

In this way, the problem is reduced to a search though the logical values that
describe your model.

For detailed information about analyzing large models, see “Analyze a Large
Model” on page 14-3.
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Handle Incompatibilities with Automatic Stubbing

In this section...

“What Is Automatic Stubbing?” on page 2-8

“How Automatic Stubbing Works” on page 2-8
“Analyze a Model Using Automatic Stubbing” on page 2-10

What Is Automatic Stubbing?

Automatic stubbing lets you analyze a model that contains objects that the
Simulink Design Verifier software does not support.

When you enable the automatic stubbing option (it is enabled by default), the
software considers only the interface of the unsupported objects, not their
actual behavior. This technique allows the software to complete the analysis.
However, the analysis may achieve only partial results if any unsupported
model element affects the simulation outcome.

How Automatic Stubbing Works

If you enable automatic stubbing, when the Simulink Design Verifier analysis
comes to an unsupported block, the software “stubs” that block. The analysis
ignores the behavior of the block, and as a result, the block output can take
any value.

Stub Trigonometric Function Block

The Simulink Design Verifier software does not support Trigonometric
Function blocks when the Function parameter is set to acos, such as the
one in the following graphic.

[

BCOS Scope

D
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Handle Incompatibilities with Automatic Stubbing

When stubbing this block during analysis, out_signal can take any value,
with the following results.

Analysis Model Result of Stubbing out_signal

Design error detection | ® If a design-error objective that depends on
out_signal is proven valid, that objective

is valid for all simulations. In this case, the
stubbing did not affect the results of the analysis.

e [f a design-error objective that depends on
out_signal is falsified, the analysis cannot
create a test case. The analysis cannot determine
which input to the stubbed block produces the
output that falsifies the objective.

Test case generation | ® If a test objective that depends on the value of
out_signal is satisfied, the analysis cannot
create a test case. The analysis cannot determine
which input to the stubbed block produces the
output that satisfies the objective.

e If a test objective that depends on the value
of out_signal is unsatisfiable, there is no
simulation that can satisfy that objective. In this
case, the stubbing did not affect the results of
the analysis.

Property proving e [f a proof objective that depends on out_signal
1s proven valid, that objective is valid for all
simulations. In this case, the stubbing did not
affect the results of the analysis.

e [f a proof objective that depends on out_signal
is falsified, the analysis cannot create a
counterexample. The analysis cannot determine
which input to the stubbed block produces the
output that falsifies the objective.

Stub S-Function Block Containing Function-Call Triggers

The Simulink example model sfcndemo_sfun_fcncall has an S-Function
block. The S-function sfun_fcncall triggers the execution of the function-call
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subsystems f1 subsysl and f2 subsys2 on the first and second elements of
the first output port.

[

Constant + 4
Sum sfun_feneall i
1
- |u Demuei Ot B 1)
z Function call Ot
Linit Delay S-Functicn — 1 subsys 1 St
£
ot ]
f2 subsys2

Scope

matlabrootitoolbox'simulink'simdemes'simfeatures\srcisfun_foneall.c .

The Simulink Design Verifier software does not support the S-Function
block, so if automatic stubbing is enabled, the analysis ignores the behavior
of the S-function. As a result, the code that triggers the two function-call
subsystems is ignored, resulting in two unsatisfiable objectives. Since the
function calls are ignored, the contents of those subsystems are effectively
eliminated from the analysis.

Analyze a Model Using Automatic Stubbing

This section describes a workflow for using automatic stubbing, with a simple
Simulink model as an example.

¢ “Check Model Compatibility” on page 2-11
¢ “Turn On Automatic Stubbing” on page 2-13
¢ “Review Results” on page 2-14

e “Achieve Complete Results” on page 2-14
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The following model contains a Discrete State-Space block, which is not
compatible with the Simulink Design Verifier software.

sorcronout) JoF "D

#(n+1=Ax{n+Bu{n}
In1

Dscrete State-Space Saturaticn

Check Model Compatibility

From the Simulink Editor, there are two ways to check whether a model is
compatible with the Simulink Design Verifier software:

¢ Run the Simulink Design Verifier compatibility check by selecting
Analysis > Design Verifier > Check Compatibility > Model.
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Simulink Design Verifier Results Summany: ex_auto_stubbing_ho... @

08-Jul-2013 13:52:45

Checking compatibility of model
'ex_auto_stubbing_how_sldv_works'
Compiling model... done

Checking compatibility... done
'ex_auto_stubbing_how_sldv_works' is
with Simulink Design Verifier.

The model can be analyzed by Simulink Design Verifier.
It contains unsupported elements that will be stubbed
out during analysis. The results of the analysis might
be incomplete.

Save Log J l Close

e Select the analysis that you want:
= Analysis > Design Verifier > Detect Design Errors > Model
= Analysis > Design Verifier > Generate Tests > Model
= Analysis > Design Verifier > Prove Properties > Model

The software first checks the compatibility of the model. If the model itself
is incompatible, for example, if it uses a variable-step solver, the analysis
cannot continue.

If it finds incompatible elements in the model, the software analyzes the
model and, by default, stubs out the incompatible elements. The Diagnostic
Viewer also opens, listing the incompatibilities.
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4 Diagnostic Viewer EI@
E- % § B la) ¢ %@

ex_auto_stubbi...

- J’} SLDV Compatibility Analysis © 2 @
3:20:08 PM 12/10/2013 Elapsed:7 sec

/My Simulink Design Werifier has only partial support for some elements of the model:
'ex_auto_stubbing' is partially compatible with Simulink Design Verifier.

The model can be analyzed by Simulink Design Verifier.

It contains unsupported elements that will be stubbed out during analysis. The results of
the analysis might be incomplete.

See documentaticon.

Compaonent: sidv | Category: Design Verifier compatibility Warning

/My Block 'ex_auto_stubbing/Discrete State-Space' is of type DiscreteStateSpace. Simulink Designé
Verifier does not support blocks of this type. ]
See documentation.

Compaonent: sidv | Category: Design Verifier compatibility Warning

Note For more information, see “Manage Errors and Warnings” in the
Simulink documentation.

Turn On Automatic Stubbing

Automatic stubbing is enabled by default. To change the automatic stubbing
setting, in the Configuration Parameters dialog box, on the main Design
Verifier pane, select Automatic stubbing of unsupported block and
functions. When you run the analysis, the software tells you that stubbing is
turned on and the analysis continues.
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Review Results

If you run an analysis with automatic stubbing enabled, make sure to review
the results. In this report, generated after a test case generation analysis, you

see a table of unsupported blocks that the software encountered.

Unsupported Blocks

The following blocks are not supported by Simulink Design Verifier. They were abstracted during the
analysis. This can lead Simulink Design Verifier to produce only partial results for parts of the model that

depends on the output values of these blocks.

Block Type
Discrete State-Space DiscreteStateSpace

The generated analysis report for the example model shows that the objectives
are undecided because of stubbing. The software cannot generate test cases
because it does not understand the operation of the Discrete State-Space block.

Objectives Undecided Due to Stubbing

Simulink Design Verifier was not able to decide these objectives due to stubbing.

# Type Model Item Description

2 Decision Saturation input > lower limit F

3 Decision Saturation input > lower limit T
14 Decision Saturation input >= upper limit F
5 Decision Saturation input >= upper limit T

Achieve Complete Results

Analysis Time
(sec)

12

12

12

12

If your analysis does not achieve complete results because of the
stubbing, you can define custom block replacements to give a more
precise definition of the unsupported blocks. For more information, see
“Define Custom Block Replacements” on page 4-8 or enter echodemo
sldvdemo_blockreplacement _unsupportedblocks at the MATLAB
command line to step through the Block Replacements for Unsupported

Blocks example.
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Nonfinite Data

The Simulink Design Verifier software does not support nonfinite data (for
example, NaN and Inf) and related operations.

During an analysis, the software handles nonfinite operations as follows:

¢ In the Relational Operator block:

= If the Relational operator parameter is isFinite, the output is
always 1.

= If the Relational operator parameter is isNan or isInf, the output
is always 0.

¢ In the MATLAB Function block:
= For the isFinite function, the output is always 1.

= For the isNan and isInf functions, the output is always 0.
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Approximations

In this section...

“Approximations During Model Analysis” on page 2-16
“Types of Approximations” on page 2-16
“Floating-Point to Rational Number Conversion” on page 2-17

“Linearization of Two-Dimensional Lookup Tables” on page 2-17

“While Loops” on page 2-18

Approximations During Model Analysis

The Simulink Design Verifier software attempts to generate inputs and
parameters to achieve objectives. However, there could be an infinite number
of values for the software to search. To create reasonable limits on the
analysis, the software performs approximations to simplify the analysis. The
software records any approximations it performed in the Analysis Information
chapter of the Simulink Design Verifier HTML report. For a description of
this chapter, see “Analysis Information Chapter” on page 13-30.

Review the analysis results carefully when the software uses approximations.
Evaluate your model to identify which blocks or subsystems caused the
software to perform the approximations.

Rarely, an approximation can result in test cases that fail to achieve test
objectives or demonstrate a design error, or counterexamples that fail to
falsify proof objectives. For example, suppose the software generates a test
case signal that should achieve an objective by exceeding a threshold; a
floating-point round-off error might prevent that signal from attaining the
threshold value.

Types of Approximations

The Simulink Design Verifier software performs three types of approximations
when it analyzes a model:

* “Floating-Point to Rational Number Conversion” on page 2-17
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® “Linearization of Two-Dimensional Lookup Tables” on page 2-17

® “While Loops” on page 2-18

Floating-Point to Rational Number Conversion

The Simulink Design Verifier software simplifies the linear arithmetic of
floating-point numbers by approximating them with infinite-precision rational
numbers. The software discovers how the logical relationships between these
values affects the objectives. This analysis enables the software to support
supervisory logic that is commonly found in embedded controls designs.

If your model contains floating-point values in the signals, input values, or
block parameters, the Simulink Design Verifier software converts those
values to rational numbers before performing its analysis.

Note As a result of these approximations, Simulink Design Verifier software
does not consider the effect of round-off error, or the upper and lower bounds
of floating-point numbers.

Linearization of Two-Dimensional Lookup Tables

The Simulink Design Verifier software does not support nonlinear arithmetic.
If your model contains any 2-D Lookup Table blocks, or n-D Lookup

Table blocks where n = 2, with all of the following characteristics, the
software approximates nonlinear two-dimensional interpolation with linear
interpolation by fitting planes to each interpolation interval.

Block Characteristics
n-D Lookup Table ¢ Interpolation method parameter is Linear.
block, n = 2:

¢ Extrapolation method parameter is C1ip or
Linear.

® The input and output signals both have the
floating-point data type.
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While Loops

If your model or a Stateflow chart in your model contains a while loop,
Simulink Design Verifier tries to detect a conservative constant bound that
allows the while loop to exit. If the software cannot find a constant bound, it
performs a while loop approximation. With this approximation, the analysis
does not prove objectives to be valid or unsatisfiable and it does not prove
dead logic. The generated analysis report notes this approximation.

The behavior of the while loop approximation is consistent in all modes of
analysis, as described in the following table.

Analysis Mode While Loop Approximation

Design Error Detection Sets number of while loop iterations
to 3. Does not report dead logic or
valid objectives.

Test Case Generation Sets number of while loop iterations
to 3. Does not report unsatisfiable
objectives.

Property Proving Sets number of while loop iterations

to 3. Does not report valid objectives.




Logic Operations Short-Circuiting

Logic Operations Short-Circuiting

When the Simulink Design Verifier software performs an analysis, if possible,
the software short-circuits logic blocks. When the previous inputs alone
determine the block output, the analysis ignores any remaining block inputs.
For example, if the first input to a Logical Operator block whose Operator
parameter specifies AND is false, the analysis ignores the values of the other
inputs.

Consider the following example model, with the Model coverage objectives
parameter set to Condition Decision.

2z »|  AND —p@
In2 out1
-
Legical
Crperator

When the Simulink Design Verifier software analyzes this model for Condition
Decision coverage, the analysis can only satisfy five of six objectives for the
Logical Operator block inputs. The software cannot generate a test case when
the third input to the Logical Operator block is false. If the second input is
false, the third input is false, but the software ignores the third input due to
the short-circuiting. If the second input is true, the third input is never false.
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Checking Compatibility
with the Simulink Design
Verifier Software

® “Check Model Compatibility” on page 3-2

e “Supported and Unsupported Simulink Blocks” on page 3-9

® “Support Limitations for Simulink Software Features” on page 3-21
® “Support Limitations for Model Blocks” on page 3-24

e “Support Limitations for Stateflow Software Features” on page 3-26

e “Support Limitations for MATLAB for Code Generation” on page 3-30
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Check Model Compatibility

In this section...

“Compatibility with Simulink® Design Verifier™” on page 3-2
“Run Compatibility Check” on page 3-2
“Compatibility Check Results” on page 3-3

Compatibility with Simulink Design Verifier

The Simulink Design Verifier software analyzes Simulink models in order to:

® Detect design errors that may occur at runtime
® Generate test cases that achieve model coverage

® Prove properties and identify property violations
For these analyses, the models must:

e Compile into an executable form
® Be compatible with code generation

e Perform a zero-second simulation with no errors, where the simulation
start time and stop time are both 0.

The software supports a broad range of Simulink and Stateflow software
features in your models. However, there are features that the product

does not support, described in “Support Limitations for Simulink Software
Features” on page 3-21 and “Support Limitations for Stateflow Software
Features” on page 3-26. Avoid using unsupported features in models that you
plan to analyze with the Simulink Design Verifier software.

Run Compatibility Check

The software automatically checks the compatibility of your model before
it begins an analysis.

You can also run a compatibility check on your model before you start an
analysis. To run a compatibility check on your model, do one of the following:



Check Model Compatibility

®* From the Simulink Editor, select Analysis > Design Verifier > Check
Compatibility > Model.

¢ In the Model Advisor, select either By Product > Simulink Design
Verifier > Check compatibility with Simulink Design Verifier or
By Task > Simulink Design Verifier Compatibility Check > Check
compatibility with Simulink Design Verifier. Click Run This Check.

For more information, see “Simulink Design Verifier Checks”.

® Use the sldvcompat function to run the compatibility checker
programmatically at the command line or in a MATLAB program. For
more information, see the sldvcompat reference page.

Compatibility Check Results

There are three outcomes of a compatibility check:

® “Model Is Compatible” on page 3-3
e “Model Is Incompatible” on page 3-4
* “Model Is Partially Compatible” on page 3-7

Model Is Compatible

In the Results Summary window, you see if your model is compatible with
the software.
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I o

"k Simulink Design Verifier Results Summary: sldvdemo_cruize_con... @

24-0ct-2013 17:34:29

Checking compatibility of model 'sldvdemo_cruise_control’
Compiling model...done

Checking compatibility...done

'sldvdemo_cruise_control' is compatible with Simulink Design
Verifier.

Save Log J I Close

Model Is Incompatible
If the model itself is incompatible with the software, two dialog boxes appear:

¢ Simulink Design Verifier Results Summary
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P =

& Simulink Design Verifier Results Summary: sldemo_fuelsys @

24-0ct-2013 17:18:19
Checking compatibility of model 'sldemo_fuelsys'
'sldemo_fuelsys' is incompatible with Simulink Design Verifier.

Save Log ] [ Close

® Diagnostic Viewer. Use the information in this dialog box to identify and
fix the incompatibility.

= If your model uses a variable-step solver, configure the solver options
to a fixed-step.
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4 Diagnostic Viewer EI@
EME- AN ¢ @@
sldemo_fuelsys

- J’} SLDV Compatibility Analysis & 2
2:47:48 PM 12/10/2012 Elapsed:7 sec

i

\% Simulink Design Verifier cannot be used with a variable-step solver. You must configure the
solver options for a fixed-step solver.

See documentaticn.

Component: simulink | Category: Design Verifier compatibility Error

®

Simulink Design Verifier failed to initialize: ‘sldemo fuelsys' is incompatible with
Simulink Design Verifier.

Component: simulink | Category: Design Verifier compatibility Error

o R A

= If your model has nonfinite data, change the value of the data or
configure the model so that the data is treated as a variable during
Simulink Design Verifier analysis.
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4 Diagnostic Viewer EI@

v

ex_mMNaninf

- 'D'} SLDV Compatibility Analysis @ 3

]

b Pl

®

®

®

% B B[4 ¢ |0 | @

Simulink Design Verifier failed to initialize: ‘ex mNanInf' is incompatible with Simulink
Design Verifier.

Component: simulink | Category: Design Verifier compatibility Error

The parameter 'G' used by ‘'ex mNanInf/Constant' has nonfinite walue (NaN or Inf or -Inf).
Simulink Design Verifier does not support parameters with this configuration. Please
consider changing the value of this parameter or configure Simulink Design Verifier so that
it is treated as variable during analysis.

Component: sidv | Category: Design Verifier compatibility Error

The parameter 'K' used by 'ex mManInf/Constantl' has nonfinite walue (NaN or Inf or -Inf).
Simulink Design Verifier does not support parameters with this configuration. Please
caonsider changing the value of this parameter or configure Simulink Design Verifier so that
it is treated as variable during analysis.

Component: sidv | Category: Design Verifier compatibility Error

Note For more information about the Diagnostic Viewer, see “Manage
Errors and Warnings” in the Simulink documentation.

Model Is Partially Compatible

A model is partially compatible if at least one object in the model is
incompatible. Automatic stubbing is enabled by default, so if you start an
analysis that determines that the model is partially incompatible, it gives the
following message, but the analysis proceeds.

The model can be analyzed by Simulink Design Verifier.

It contains unsupported elements that will be stubbed out
during analysis. The results of the analysis might be
incomplete.
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If you have disabled automatic stubbing, the analysis stops. The Results
Summary window appears as follows.

-

"k Simulink Design Verifier Results Surmmary: ex_auto_stubbing_heo... @

24-0ct-2013 17:53:41

Checking compatibility of model
'ex_auto_stubbing_how_sldv_works'
Compiling model...done

Checking compatibility...done
‘ex_auto_stubbing_how_sldv_works' is
with Simulink Design Verifier.

m

The model contains unsupported elements and cannot be
analyzed directly by Simulink Design Verifier. You can analyze
it by turning on the AutomaticStubbing option.

See documentation.

Save Log | | Close

-

To turn on automatic stubbing:

1 In the Simulink Editor, select Analysis > Design Verifier > Options.

2 Under Analysis options, select Automatic stubbing of unsupported

blocks and functions.

For more information on automatic stubbing, see “Handle Incompatibilities
with Automatic Stubbing” on page 2-8.



Supported and Unsupported Simulink® Blocks

Supported and Unsupported Simulink Blocks
The software provides various levels of support for Simulink blocks:

e Fully supported

e Partially supported

* Not supported

If your model contains unsupported blocks, you can enable automatic
stubbing. Automatic stubbing considers the interface of the unsupported
blocks, but not their behavior. If any of the unsupported blocks affect the
simulation outcome, however, the analysis may achieve only partial results.

For details about automatic stubbing, see “Handle Incompatibilities with
Automatic Stubbing” on page 2-8.

To achieve 100% coverage, avoid using unsupported blocks in models that
you analyze. Similarly, for partially supported blocks, specify only the block
parameters that the software recognizes.

The following tables summarize the analysis support for Simulink blocks.
Each table lists the blocks in a Simulink library and describes support
information for that particular block.

Additional Math and Discrete Library

The software supports all blocks in the Additional Math and Discrete library.
Commonly Used Blocks Library

The Commonly Used Blocks library includes blocks from other libraries.
Those blocks are listed under their respective libraries.

Continuous Library

Block Support Notes
Derivative Not supported
Integrator Not supported and not stubbable
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Block

Support Notes

Integrator Limited

Not supported and not stubbable

PID Controller

Not supported

PID Controller (2 DOF)

Not supported

Second Order Integrator

Not supported and not stubbable

Second Order Integrator Limited

Not supported and not stubbable

State-Space

Not supported and not stubbable

Transfer Fen

Not supported and not stubbable

Transport Delay

Not supported

Variable Time Delay

Not supported

Variable Transport Delay

Not supported

Zero-Pole Not supported and not stubbable
Discontinuities Library
The software supports all blocks in the Discontinuities library.
Discrete Library

Block Support Notes

Delay Supported

Difference Supported

Discrete Derivative Supported

Discrete Filter Supported

Discrete FIR Filter Supported

Discrete PID Controller Supported

Discrete PID Controller (2 DOF) Supported

Discrete State-Space

Not supported

Discrete Transfer Fen

Supported




Supported and Unsupported Simulink® Blocks

Block Support Notes
Discrete Zero-Pole Not supported
Discrete-Time Integrator Supported
First-Order Hold Supported
Memory Supported
Tapped Delay Supported
Transfer Fen First Order Supported
Transfer Fcn Lead or Lag Supported
Transfer Fecn Real Zero Supported
Unit Delay Supported
Zero-Order Hold Supported

Logic and Bit Operations Library

The software supports all blocks in the Logic and Bit Operations library.

Lookup Tables Library

Block Support Notes
Cosine Supported
Direct Lookup Table (n-D) Supported

Interpolation Using Prelookup

Not supported when:

¢ The Interpolation method parameter is Linear and
the Number of table dimensions parameter is greater

than 4.

or

® The Interpolation method parameter is Linear and
the Number of sub-table selection dimensions

parameter is not 0.
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Block

Support Notes

1-D Lookup Table

Not supported when the Interpolation method or the
Extrapolation method parameter is Cubic Spline.

2-D Lookup Table

Not supported when the Interpolation method or the
Extrapolation method parameter is Cubic Spline.

n-D Lookup Table

Not supported when:

¢ The Interpolation method or the Extrapolation
method parameter is Cubic Spline.

or
¢ The Interpolation method parameter is Linear and

the Number of table dimensions parameter is greater
than 5.

Lookup Table Dynamic Supported
Prelookup Supported
Sine Supported

Math Operations Library
Block Support Notes
Abs Supported
Add Supported
Algebraic Constraint Supported
Assignment Supported
Bias Supported

Complex to Magnitude-Angle

Not supported

Complex to Real-Imag

Not supported

Divide

Supported

Dot Product

Supported




Supported and Unsupported Simulink® Blocks

Block Support Notes
Find Nonzero Elements Supported
Gain Supported

Magnitude-Angle to Complex

Not supported

Math Function

All signal types support the following Function
parameter settings.

conj hermitian | magnitude~2 | mod

rem reciprocal| square transpose

The software does not support the following Function
parameter settings.

10"u exp hypot
log log10 pow

Matrix Concatenate Supported

MinMax Supported

MinMax Running Resettable Supported

Permute Dimensions Supported

Polynomial Supported

Product Supported

Product of Elements Supported

Real-Imag to Complex

Not supported

Reciprocal Sqrt

Not supported

Reshape Supported
Rounding Function Supported
Sign Supported

Signed Sqrt

Not supported

3-13



3 Checking Compaitibility with the Simulink® Design Verifier™ Software

Block

Support Notes

Sine Wave Function

Not supported

Slider Gain Supported
Sqrt Not supported
Squeeze Supported
Subtract Supported
Sum Supported
Sum of Elements Supported

Trigonometric Function

Supported when Function is sin, cos, sincos , or
atan2, and Approximation method is CORDIC.

Unary Minus Supported
Vector Concatenate Supported
Weighted Sample Time Math Supported

Model Verification Library

The software supports all blocks in the Model Verification library.

Model-Wide Utilities Library

Block Support Notes
Block Support Table Supported
DocBlock Supported
Model Info Supported

Timed-Based Linearization

Not supported

Trigger-Based Linearization

Not supported
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Ports & Subsystems Library

Block Support Notes
Atomic Subsystem Supported
Code Reuse Subsystem Supported
Configurable Subsystem Supported
Enable Supported

Enabled Subsystem

Range analysis does not consider the design minimum
and maximum values specified for blocks connected to
the outport of the subsystem.

Enabled and Triggered Subsystem

Not supported when the trigger control signal specifies a
fixed-point data type.

Range analysis does not consider the design minimum
and maximum values specified for blocks connected to
the outport of the subsystem.

For Each

Supported with the following limitations:

® When For Each Subsystem contains another For Each
Subsystem, not supported.

¢ When For Each Subsystem contains one or more
Simulink Design Verifier Test Condition, Test
Objective, Proof Assumption, or Proof Objective
blocks, not supported.

For Each Subsystem

Supported with the following limitations:

® When For Each Subsystem contains another For Each
Subsystem, not supported.

® When For Each Subsystem contains one or more
Simulink Design Verifier Test Condition, Test
Objective, Proof Assumption, or Proof Objective
blocks, not supported.

For Iterator Subsystem

Supported
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Block Support Notes
Function-Call Feedback Latch Supported
Function-Call Generator Supported
Function-Call Split Supported

Function-Call Subsystem

Range analysis does not consider the design minimum
and maximum values specified for blocks connected to
the outport of the subsystem.

If

When running test case generation for coverage, the If
block records condition, decision, and MCDC coverage.
However, the Simulink Design Verifier software
generates test cases only for condition and decision
coverage.

Parameter configurations are not supported. The
analysis ignores any parameter configurations that you
specify for an If block.

If Action Subsystem Supported
Inport Supported
Model Supported except for the limitations described in

“Support Limitations for Model Blocks” on page 3-24.

Model Variants

Supported except for the limitations described in
“Support Limitations for Model Blocks” on page 3-24.

Outport Supported
Subsystem Supported
Switch Case Supported
Switch Case Action Subsystem Supported
Trigger Supported




Supported and Unsupported Simulink® Blocks

Block

Support Notes

Triggered Subsystem

Not supported when the trigger control signal specifies a
fixed-point data type.

Range analysis does not consider the design minimum
and maximum values specified for blocks connected to
the outport of the subsystem.

Variant Subsystem

Not supported when the Generate preprocessor
conditionals parameter is enabled.

While Iterator Subsystem

Supported

Signal Attributes Library

The software supports all blocks in the Signal Attributes library.

Signal Routing Library

Block Support Notes
Bus Assignment Supported
Bus Creator Supported
Bus Selector Supported
Data Store Memory Supported
Data Store Read Supported
Data Store Write Supported
Demux Supported
Environment Controller Supported
From Supported
Goto Supported
Goto Tag Visibility Supported
Index Vector Supported
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Block

Support Notes

Manual Switch

The Manual Switch block is compatible with the
software, but the analysis ignores this block in a model.
The analysis does not flag the coverage objectives for
this block as satisfiable or unsatisfiable.

Model coverage data is collected for the Manual Switch
block.

Merge Supported
Multiport Switch Supported
Mux Supported
Selector Supported
Switch Supported
Vector Concatenate Supported

Sinks Library

Block Support Notes

Display Supported

Floating Scope Supported

Outport (Outl) Supported

Scope Supported

Stop Simulation Not supported and not stubbable
Terminator Supported

To File Supported

To Workspace Supported

XY Graph Supported
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Sources Library

Block

Support Notes

Band-Limited White Noise

Not supported

Chirp Signal

Not supported

Clock Supported
Constant Supported unless Constant value is inf.
Counter Free-Running Supported
Counter Limited Supported
Digital Clock Supported
Enumerated Constant Supported

From File

Not supported. When MAT-file data is stored in
MATLAB timeseries format, not stubbable.

From Workspace

Not supported

Ground Supported
Inport (In1) Supported
Pulse Generator Supported
Ramp Supported

Random Number

Not supported and not stubbable

Repeating Sequence

Not supported

Repeating Sequence Interpolated

Not supported

Repeating Sequence Stair

Supported

Signal Builder

Not supported

Signal Generator

Not supported

Sine Wave

Not supported

Step

Supported

Uniform Random Number

Not supported and not stubbable
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User-Defined Functions Library

Block

Support Notes

Fen

Supports all operators except ~, and supports only the
mathematical functions abs, ceil, fabs, floor, rem,
and sgn.

Parameter configurations are not supported. The
analysis ignores any parameter configurations that you
specify for these blocks.

Interpreted MATLAB Function

Not supported

Level-2 MATLAB S-Function

Not supported

MATLAB Function

For limitations, see “Support Limitations for MATLAB
for Code Generation” on page 3-30.

S-Function

Not supported

S-Function Builder

Not supported
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Support Limitations for Simulink Software Features

The software does not support the following Simulink software features.
Avoid using these unsupported features.

Not Supported

Description

Variable-step solvers

The software supports only fixed-step solvers.

For more information, see “Choosing a Fixed-Step
Solver” in the Simulink documentation.

Callback functions

The software does not execute model callback
functions during the analysis. The results that the
analysis generates, such as the harness model, may
behave inconsistently with the expected behavior.

¢ [f a model or any referenced model calls a callback
function that changes any block parameters,
model parameters, or workspace variables, the
analysis does not reflect those changes.

¢ Changing the storage class of base workspace
variables on model callback functions or mask
initializations is not supported.

e (Callback functions called prior to analysis,
such as the PreLoadFcn or PostLoadFcn model
callbacks, are fully supported.

Model callback
functions

The software only supports model callback functions
if the InitFcn callback of the model is empty.

Algebraic loops

The software does not support models that contain
algebraic loops.

For more information, see “Algebraic Loops” in the
Simulink documentation.

Masked subsystem
1nitialization
functions

The software does not support models whose masked
subsystem initialization modifies any attribute of
any workspace parameter.
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Not Supported

Description

Complex signals

The software supports only real signals.

For more information, see “Complex Signals” in the
Simulink documentation.

Variable-size signals

The software does not support variable-size signals.
A variable-size signal is a signal whose size (number
of elements in a dimension), in addition to its values,
can change during model execution.

For more information, see “Variable-Size Signal
Basics” in the Simulink documentation.

Arrays of buses

The software does not support arrays of buses.

For more information, see “Combine Buses into an
Array of Buses” in the Simulink documentation.

Multiword
fixed-point data

types

The software does not support multiword fixed-point
data types.

Nonzero start times

Although Simulink allows you to specify a nonzero
simulation start time, the analysis generates signal
data that begins only at zero. If your model specifies
a nonzero start time:

¢ If you do not select the Reference input model
in generated harness parameter (the default),
the harness model is a subsystem. The analysis
sets the start time of the harness model to 1 and
continues the analysis.

e [f you select the Reference input model in
generated harness parameter, a Model block
references the harness model. The software
cannot change the start time of the harness
model, so the analysis stops and you see a
recommendation to set the Start time parameter
to 0.
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Not Supported

Description

Nonfinite data

The software does not support nonfinite data (for
example, NaN and Inf) and related operations.

In the Relational Operator block, the software

assigns the output as follows:

e If the Relational operator parameter is
isFinite, the output is always 1.

e [f the Relational operator parameter is isNan

or isInf, the output is always 0.

In the MATLAB Function block, the software
assigns the return value as follows:

¢ For the isFinite function, the output is always 1.

® For the isNan and isInf functions, the output
is always 0.

Concurrent
execution

The software does not support models that are
configured for concurrent execution.

Signals with nonzero
sample time offset

The software does not support models with signals
that have nonzero sample time offsets.

Models with no
output ports

The software only supports models that have one or
more output ports.

3-23



3 Checking Compaitibility with the Simulink® Design Verifier™ Software

3-24

Support Limitations for Model Blocks

The software supports the Model block, but with the following limitations. The
software cannot analyze a model that contains one or more Model blocks if:

® The referenced model is protected. Protected referenced models are

encoded to obscure their contents. This feature allows third parties to use
the referenced model without being able to view the intellectual property
that makes up the model.

Note For more information, see “Protected Model”.

The parent model or any of the referenced models

gives an error when you set the Configuration

Parameters > Diagnostics > Connectivity > Element name
mismatch parameter to error.

You can use the Element name mismatch diagnostic along with bus
objects so that your model meets the bus element naming requirements
imposed by some blocks.

The Model block uses asynchronous function-call inputs.

Any of the Model blocks in the model reference hierarchy creates an
artificial algebraic loop. If this occurs, take the following steps:

1 On the Diagnostics pane of the Configuration Parameters dialog box,
set the Minimize algebraic loop parameter to error so that Simulink
reports an algebraic loop error.

2 On the Model Referencing Pane of the Configuration Parameters
dialog box, select the Minimize algebraic loop occurrences parameter.

Simulink tries to eliminate the artificial algebraic loop during simulation.
3 Simulate the model.

4 If Simulink cannot eliminate the artificial algebraic loop, highlight
the location of the algebraic loop by selecting Simulation > Update
Diagram.



Support Limitations for Model Blocks

5 Eliminate the artificial algebraic loop so that the software can analyze
the model. Break the loop with Unit Delay blocks so that the execution
order is predictable.

Note For more information, see “Algebraic Loops”.

The parent model and the referenced model have mismatched data type
override settings. The data type override setting of the parent model and
all of its referenced models must be the same, unless the data type override
setting of the parent model is Use local settings. You can select the
data type override settings for your model in the Analysis menu, in the
Fixed Point Tool dialog box under the Settings for selected system pane.
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Support Limitations for Stateflow Software Features

The software does not support the following Stateflow software features.
Avoid using these unsupported features in models that you analyze.

In this section...

“ml Namespace Operator, ml Function, ml Expressions” on page 3-26
“C Math Functions” on page 3-26

“Atomic Subcharts That Call Exported Graphical Functions Outside a
Subchart” on page 3-27

“Recursion and Cyclic Behavior” on page 3-27
“Custom C or C++ Code” on page 3-29
“Machine-Parented Data” on page 3-29

“Textual Functions with Literal String Arguments” on page 3-29

ml Namespace Operator, ml Function, ml Expressions

The software does not support calls to MATLAB functions or access to
MATLAB workspace variables, which the Stateflow software allows. (See
“Access Built-In MATLAB Functions and Workspace Data” in the Stateflow
documentation.)

C Math Functions

The software supports calls to the following C math functions:

® abs

® ceil
e fabs
e floor
e fmod
® labs
® ldexp
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® pow (only for integer exponents)

The software does not support calls to other C math functions, which the
Stateflow software allows. If automatic stubbing is enabled, which it is by
default, the software eliminates these unsupported functions during the
analysis.

For information about C math functions in Stateflow, see “Call C Functions in
C Charts” in the Stateflow documentation.

Note For details about automatic stubbing, see “Handle Incompatibilities
with Automatic Stubbing” on page 2-8.

Atomic Subcharts That Call Exported Graphical
Functions Outside a Subchart

The software does not support atomic subcharts that call exported graphical
functions, which the Stateflow software allows.

Note For information about exported functions, see “Export Functions for
Reuse in Other Charts” in the Stateflow documentation.

Recursion and Cyclic Behavior

Simulink Design Verifier software does not support recursive functions,
which occur when a function calls itself directly or indirectly through another
function call. Stateflow software allows you to implement recursion using
graphical functions.

In addition, the software does not support recursion that the Stateflow
software allows you to implement using a combination of event broadcasts
and function calls.
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Note For information about avoiding recursion in Stateflow charts, see
“Guidelines for Avoiding Unwanted Recursion in a Chart” in the Stateflow
documentation.

Stateflow software also allows you to create cyclic behavior, where a sequence
of steps is repeated indefinitely. If your model has a chart with cyclic
behavior, the Simulink Design Verifier software cannot analyze it.

Note For information about cyclic behavior in Stateflow charts, see “Cyclic
Behavior in a Chart” in the Stateflow documentation.

However, you can modify a chart with cyclic behavior so that it is compatible,
as in the following example.

The following chart creates cyclic behavior. State A calls state A1, which
broadcasts a Clear event to state B, which calls state B2, which broadcasts a
Set event back to state A, causing the cyclic behavior.

A

=r
]
—

i}

E Ic-:undj T lear
; B2
! send(Set A);
A2 | I: :
1.L J

\ v

If you change the send function calls to use directed event broadcasts so that
the Set and Clear events are broadcast directly to the states B1 and Al,
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respectively, the cyclic behavior disappears and the Simulink Design Verifier
software can analyze the model.

i

=r
]
—

i}

Note For information about the benefits of directed event broadcasts, see
“Broadcast Events to Synchronize States” in the Stateflow documentation.

Custom C or C++ Code

The software does not support custom C or C++ code, which the Stateflow
software allows.

Machine-Parented Data

The software does not support machine-parented data (i.e., defined at the
level of the Stateflow machine), which the Stateflow software allows.

For more information, see “Best Practices for Using Data in Charts” in the
Stateflow documentation.

Textual Functions with Literal String Arguments

The software does not support literal string arguments to textual functions
in a Stateflow chart.
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Support Limitations for MATLAB for Code Generation

In this section...

on page 3-31

“Unsupported MATLAB for Code Generation Features” on page 3-30
“Support Limitations for MATLAB for Code Generation Library Functions”

Unsupported MATLAB for Code Generation Features
The software does not support the following features of the MATLAB Function
block in the Simulink software and MATLAB functions in the Stateflow
software. Avoid using these unsupported features in models that you analyze
with the Simulink Design Verifier software.

Not Supported

Description

Complex numbers

The software supports only real numbers and
cannot analyze MATLAB for code generation
functions that use complex numbers.

Characters

The software does not support characters,
which MATLAB for code generation allows.

C functions

The software does not support calls to external
C functions, which MATLAB for code generation
allows.

Extrinsic functions

The software supports extrinsic functions
only when they do not affect the output of a
MATLAB function.

Handle classes

The software does not support handle classes
in the MATLAB Function block. The software
does support value classes.
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Support Limitations for MATLAB for Code Generation
Library Functions

The software provides various levels of support for MATLAB for code
generation library functions. The software either fully or partially supports
particular functions. It does not support other functions.

If your model contains unsupported functions, you can turn on automatic
stubbing, which considers the interface of the unsupported functions, but

not their behavior. However, if any of the unsupported functions affect the
simulation outcome, the analysis may achieve only partial results. For details
about automatic stubbing, see “Handle Incompatibilities with Automatic
Stubbing” on page 2-8.

To achieve 100% coverage, avoid using unsupported MATLAB library
functions in models that you analyze.

The following table lists Simulink Design Verifier support for categories of
library functions in code generation from MATLAB:

® Software supports functions in that category, indicated by a dash (—).

® Software does not support functions in that category.

® Software supports the function in that category with limitations as

specified.

For the complete listing of available functions, see “Functions and Objects
Supported for C and C++ Code Generation — Alphabetical List”.

Function Category Support Notes
Aerospace Toolbox functions Not supported.
Arithmetic operator functions Supported with the following limitations:
mldivide (\) | Supports only scalar
arguments.
mpower (*) Supports only integer
exponents.
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Function Category

Support Notes

mrdivide (/) | Supports only scalar

arguments.

Supports only integer
exponents.

power (.")

Bit-wise operation functions

Casting functions

Supported with the following limitations:

char Not supported.

typecast Not supported.

Communications System Toolbox™ functions

Not supported.

Complex number functions

Not supported.

Computer Vision System Toolbox™ functions

Not supported.

Data type functions

Derivative and Integral functions

Not supported.

Discrete math functions

Error handling functions

Supported with the following limitations:

assert Supported, but does not behave
like a Proof Objective block.
Exponential functions Supported with the following limitations:
exp Not supported.
expm Not supported.
expm1i Not supported.
log Not supported.
log2 Not supported.
log10 Not supported.
logip Not supported.
nextpow?2 Not supported.
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Function Category

Support Notes

nthroot Not supported.
reallog Not supported.
realpow Not supported.
realsqrt Not supported.
sqrt Not supported.

Filtering and convolution functions

Supported with the following limitations:

detrend

Not supported.

Fixed-Point Designer™ functions

Supported with the following limitations:

complex

Not supported.

Histogram functions

Not supported.

Image Processing Toolbox™ functions

Not supported.

Input and output functions

Interpolation and computation geometry

Supported with the following limitations:

cart2pol Not supported.
cart2sph Not supported.
pol2cart Not supported.
sph2cart Not supported.

Linear algebra

Not supported.

Logical operator functions

MATLAB Compiler™ functions

Not supported.

Matrix and array functions

Supported with the following limitations:

angle Not supported.
cond Not supported.
det Not supported.
eig Not supported.
inv Not supported.
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Function Category

Support Notes

invhilb Not supported.

logspace Not supported.

lu Not supported.

norm Supported only when invoked
using the syntax
norm(A,p)
where p is either 1 or inf.

normest Not supported.

pinv Not supported.

planerot Not supported.

qr Not supported.

rank Not supported.

rcond Not supported.

subspace Not supported.

Nonlinear numerical methods

Not supported.

Polynomial functions

Not supported.

Relational operations functions

Rounding and remainder functions

Set functions

Signal Processing functions in MATLAB

Not supported.

Signal Processing Toolbox™ functions

Not supported.

Special values

Supported with the following limitations:

rand

Not supported.

randn

Not supported.

Specialized math

Not supported.

Statistical functions
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Function Category Support Notes
String functions Supported with the following limitations:
char Not supported.
ischar Not supported.
Trigonometric functions Not supported.
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Working with Block
Replacements

¢ “What Is Block Replacement?” on page 4-2

e “Built-In Block Replacements” on page 4-4

¢ “Template for Block Replacement Rules” on page 4-7
¢ “Define Custom Block Replacements” on page 4-8

¢ “Execute Block Replacements” on page 4-17
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What Is Block Replacement?

Using the Simulink Design Verifier software, you can define rules to replace
blocks automatically in your model. For example, you can work around a
block that is incompatible with the software by creating a rule that replaces
an unsupported Simulink block in your model with a supported block that is
functionally equivalent. Or, you can customize blocks for analysis by creating
a rule that adds constraints or objectives to particular blocks in your model.

When performing block replacements, the software makes a copy of your
model and replaces blocks in the copy, without altering your original model.
In this way, you can easily customize a model for analysis.

The Simulink Design Verifier software replaces blocks automatically in a
model using:
e Libraries of replacement blocks

® Rules that define which blocks to replace and under what conditions
You replace any block with any built-in block, library block, or subsystem.

Block replacements are extensible, allowing you to define your own libraries
of replacement blocks and custom block replacement rules. Use this capability
if you need to:

¢ Work around an incompatibility, such as the presence of unsupported
blocks in your model.

¢ Customize a block for analysis, such as:
= Adding constraints to its input signals
= Adding objectives to its output signals

= Eliminating the contents of a subsystem or Model block to simplify your
analysis



What Is Block Replacement?

Note You can use automatic stubbing as an alternative to block replacements
in order to resolve incompatibilities. Automatic stubbing replaces unsupported
blocks with elements that have the same interface. For more information, see
“Handle Incompatibilities with Automatic Stubbing” on page 2-8.
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Built-In Block Replacements

The Simulink Design Verifier software provides a set of block replacement

rules and a corresponding

library of replacement blocks. Use these built-in

block replacements when analyzing models. They serve as examples that you
can examine to learn how to create your own block replacements.

The following table lists the factory default block replacement rules, available
in the matlabroot\toolbox\sldv\sldv\private folder. There are two
implementations of each factory-default block replacement rule. Rules whose
file names end with _normal.m replace blocks with Subsystem blocks. Rules
whose file names end with _configss.m replace blocks with Configurable

Subsystem blocks.

File Name

Description

blkrep_rule_lookup_normal.m

blkrep_rule_lookup_configss.m

A rule that replaces 1-D Lookup Table blocks with
an implementation that includes test objectives
for each breakpoint and interval specified by the
Breakpoints parameter.

blkrep_rule_lookup2D_normal.m

blkrep_rule_lookup2D_configss.m

A rule that adds Test Condition/Proof Assumption
blocks to the input ports of 2-D Lookup Table
blocks. Each Test Condition/Proof Assumption
block constrains signal values to the interval
specified by the corresponding breakpoint vector.

blkrep_rule_mpswitch2_normal.m

blkrep_rule_mpswitch2_configss.m

A rule that adds a Test Condition/Proof
Assumption block to the control input port of
Multiport Switch blocks whose Number of data
ports parameter is 2. The Test Condition/Proof
Assumption block constrains signal values to the
interval [1, 2] (or [0, 1] if the block uses zero-based
indexing).
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File Name

Description

blkrep_rule_mpswitch3_normal.m

blkrep_rule_mpswitch3_configss.m

A rule that adds a Test Condition/Proof
Assumption block to the control input port of
Multiport Switch blocks whose Number of data
ports parameter is 3. The Test Condition/Proof
Assumption block constrains signal values to the
interval [1, 3] (or [0, 2] if the block uses zero-based
indexing).

blkrep_rule_mpswitch4_normal.m

blkrep_rule_mpswitch4_configss.m

A rule that adds a Test Condition/Proof
Assumption block to the control input port of
Multiport Switch blocks whose Number of data
ports parameter is 4. The Test Condition/Proof
Assumption block constrains signal values to the
interval [1, 4] (or [0, 3] if the block uses zero-based
indexing).

blkrep_rule_mpswitch5_normal.m

blkrep_rule_mpswitch5_configss.m

A rule that adds a Test Condition/Proof
Assumption block to the control input port of
Multiport Switch blocks whose Number of data
ports parameter is 5. The Test Condition/Proof
Assumption block constrains signal values to the
interval [1, 5] (or [0, 4] if the block uses zero-based
indexing).

blkrep_rule_switch_normal.m

blkrep_rule_switch_configss.m

A rule that replaces Switch blocks with an
implementation that includes test objectives,
requiring that each switch position be exercised
when the values of the first and third input ports
are different.
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File Name

Description

blkrep_rule_selector
IndexVecPort_normal.m

blkrep_rule_selector
IndexVecPort_configss.m

A rule that adds a Test Condition/Proof
Assumption block to the index port of Selector
blocks whose Index Option parameter is Index
vector (port). The Test Condition/Proof
Assumption block constrains signal values to an
interval whose endpoints are derived from the
values of the Selector block’s Input port size and
Index mode parameters.

blkrep_rule_selector
StartingIdxPort_normal.m

blkrep_rule_selector
StartingIdxPort_configss.m

A rule that adds a Test Condition/Proof
Assumption block to the index port of Selector
blocks whose Index Option parameter

1s Starting index (port). The Test
Condition/Proof Assumption block constrains
signal values to an interval whose endpoints are
derived from the values of the Selector block’s
Input port size, Output size, and Index mode
parameters.

The library of replacement blocks that corresponds to the factory default

rules 1s

matlabroot/toolbox/sldv/sldv/sldvblockreplacementlib



Template for Block Replacement Rules

Template for Block Replacement Rules

To help you create block replacement rules, the Simulink Design Verifier
software provides an annotated template that contains a skeleton
implementation of the requisite callbacks:

matlabroot/toolbox/sldv/sldv/sldvblockreplacetemplate.m

To create a block replacement rule, make a copy of the template and edit the
copy to implement the desired behavior for the rule you are creating. The
comments in the template provide hints about how to use each section. For
a tutorial on using the template to write custom block replacements rules,
see “Write Block Replacement Rules” on page 4-9.
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