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Introduction

At this time we wish to thank you for your interest in GAIO TECHNOLOGY & unit testing tool,
CoverageMaster winAMS. CoverageMaster winAMS is a unit testing tool for evaluating and
improving embedded software.

This tutorial includes practice exercises designed for first time users. By following this tutorial and
completing the exercises, the user will gain an understanding of CoverageMaster winAMS&
basic usage and features.

TECHNOLOGY
Copyright (c) 2007 GAIO TECHNOLOGY CO., LTD. All rights reserved.
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CoverageMaster winAMs

GAIO Unit Test Simulator for Embedded Software

CoverageMaster winAMS Overview

Before starting the exercises, first an explanation of CoverageMaster winAMS®& features and
operation will be presented.

Embedded Software Unit Test Tool

CoverageMaster winAMS is a unit testing tool for embedded software. It performs testing by
executing the software code (functions) using an MPU simulator (System Simulator).

The MPU simulator (System Simulator) operates by running the actual cross-compiled MPU code
(object code). Because the actual target code is used in the simulation, it is possible to verify the
program®& behavior and also check for errors that depend on the target microprocessor.

CoverageMaster winAMS includes the following components:
SSTManager: The primary Ul application used to manage the unit testing operations.
System-G/SX: MPU Simulator (System Simulator) 7 includes support for a variety of MPUs.

WIinAMS: the unit test simulator.

In addition to these programs a cross compiler or Integrated Development Environment (IDE) will
be required to prepare the source files for testing.
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CSV Format Files for Test I/O

CoverageMaster winAMS uses CSV format files during simulations, in order to increase the unit
testing efficiency while maintaining accuracy.

Individual unit testing settings, as well as input / output (I/O) data for variables and stub functions
are all saved in CSV files. Thus, by using CSV files it is unnecessary to include any special test
code or input data into the target source code.

The diagram below illustrates the flow of CoverageMaster winAMS unit testing.

TestDataC SV

1 [ 2 [ 3
mod base based{f 3 1

Cross-compiled
Source Code

1|
2 |#COMMENT @a @h i@ wvalue
3 0x20 1] 1 -1
base(int a, int b, int c) ] 4 0x1f 1 2 10
5 Oxle 1 1 100
if(a==1) ] Oxff 1 2 200
i{f b=1) Target Function Name
idx=0;  // data[0] Input Variable Name & Data
if (Cpfs Vo, B e Output Variable Name & Data
datelOl el ' TestResult CSV
A
} 1t [ 2 [ 8 [ 4 [ 5 T6
/I Result Settings mod base base 8 {F 3 1
value = datafid] strfpos]; // - WIinAMS Unit Test Simulator i #COMMENT 8a b e walue
. 3 0x20 0 1 -1 0K
= N 4 ox1f 1 2/16%(10) NG
o = L] Oxle 1 1 100 0K
Use the embedded source code | —— & [ f 2 200 O

Auto - Test with batch processing

Output Variable Name & Results
CoverageMaster winAMS Expected Results & Comparison

First, the cross compiled code of the target function is loaded into the MPU simulator. The code
must be linked executable object code (unlinked intermediate object files cannot be used).

Next a CSV file must be created in order to test the base() function (in the example above).
Information about the function such as the function name, input variables, output variables, test
conditions, and the test data (test vector) will be included in the CSV file.

In the above example, test data is entered for the input variables @a, @b, @c. In addition, the
expected value is entered for the global variable value.

Expected values for output variables (such as value in the above example) may be entered to
compare with the actual results. The expected value cells however may be left blank if you simply
wish to output the results.

If expected values are entered, the actual test results will be compared with the expected values
and reported as NG or OK in the test result column. If the expected results differ from the actual
results, both values will be displayed in the cell. In the above example line 4 of the test result
CSV reported a result of NG and 16?(10) in the value column. In this case, the 16 represents the
actual result, and the 10 represents the expected value.

Automated Unit Testing with Coverage and Test Results

By simply creating a CSV test data file the rest of the test simulation process is automated.
Simply click the Start Simulator button and the simulation for the input test data will be run.
Upon completion, the CO/C1 Coverage (*) and test results will be output. The coverage results
may be viewed anytime from the Coverage screen or output to a file.

(*): C1 Coverage requires the use of GAIO& flCasePlayer2dstatic analysis program.
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Unit Testing CO/C1 Coverage Results View

e € e
i

1/0 CSVs

inpuk.csy aukput.csy
| Displays coverage path for the selected test data

Automatically Create Coverage Test Data using CasePlayer2

Input test data may be generated automatically for the unit test using the CasePlayer2 static
analysis tool alongside CoverageMaster winAMS. The diagram below illustrates the simulation
process.

Cross
Compiler

)
MPU Simulator :

- s funcl _outcey
; / Test Results
\ [ we—

CoverageMaster Unit

—p | Obj

L 7
MPU Code

(obiject file)

Passes

Source
Code

funcl _incay

Caslplaye Info  Coverage Test Data is Testing
analyses the .
. ion & variabl created with
unction & variables CoverageMaster CO0/C1 Coverage Report

WIinAMS

The following is an overview of the test data creation support functions.

Automatic search for input/output variables: Automatic search for external variables that are
referenced/assigned by the function being evaluated
C1, Automatic test data creation to satisfy MC/DC coverage, creation support

This function is explained in detail in Exercise 4 in the latter half of this tutorial.

About MC/DC measurement function

Coverage Master winAMS has a function (optional machine) for MC/DC coverage measurement.

This is a function for testing the coverage of branching conditions, which is required in structural
coverage measurement for automotive functional safety.

To use the MC/ DC measurement function, a AMC/DC
settings and usage are explained in a later chapter ([Application] Coverage Measurement with
Embedded Code).




CoverageMaster winAMS Tutorial

Function Coverage/Call Coverage Measurement Function

In Coverage Master winAMS V3. 6, AFunction Cover ac
(optional function) has been added. This function is used in the next phase of unit testing, the

integrated test phase. It measures whether the assumed sub-functions are covered and executed

by driving the upper level functions, not the functions themselves, but the functions in the combined

state.

To use this function coverage/calll coverage meas.|
Measurement Optionodo | i cen ssettingssandrusageuarerexplhined Bavi r onn
later chapter ([Application] Function Coverage, Call Coverage Measurement).

Unit Testing for the C++ Language

Coverage Master winAMS supports an optional function to perform unit tests for the C++ language,

including tests for methods (functions) defined in C++-specific classes and tests that take into

account the behavior of class constructors (initialization functions).

A AC++ Optiono |icense is required to ulkeC+t he uni
language is not covered in this tutorial.
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Getting Ready

Preparation of the practice environment

The following preparations are required in advance.
Installation of teaching materials.
-Copy the sample source AwinAMS CM1.zipdo to t|
Install a cross-compiler (development environment) for your microcontroller.
- Separate preparation is required. (Not included in this tutorial)

Compiling Sample Sources

First, review the sample code used in the practice.
The following source fil e &winARIS €Nll¥teasr)g eatrce faovlad dra.b |

main.c: There are functions funcl1() to func5() and main() function to be evaluated.
irg.c: There is an interrupt handler function written in C language. (Not used in practice)

The source file main.c contains the functions to be tested for the practical training. There is also a
main function in which the application code is actually written, but this sample code is an empty
function. Coverage Master winAMS uses a microcomputer simulator (System Simulator) that
performs instruction code execution equivalent to that of an actual microcomputer chip, so it is
necessary to generate code that can be executed by the linker. For this reason, the main function
is written to generate an entry for main.

Please build this sample source with your separate compiler (development environment) to
generate an executable object. Thi s executable object file must col

% Yy S a mpsoue files

<

Compiler

YVExecutable object fi
Debugging information must be included.
The file extension depends on the compiler.

Extension (e.g.) .out.elf .abs .ax f

SAMP1.out - - - - - -
In this tutorial, the object file name is described

as ASAMP1. out o.
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File Structure of the Practice Environment

The file structure of this practice environment is as follows.

Onyobjects in SAUF format @A*.xl oo can be usled by t
order to be used with Coverage Master winAMS, the
must be used to convert the executable object file

This conversion process can be automated, so testers are not aware of it during normal testing

operations.

This executable object fil e mus Thisaldbggginginformatieann n A d e |
is essential for unit testing in Coverage Master winAMS. Other compilation options, such as
optimizations given to the compiler, can be used without modification.

Generate an executable object file (SAMP1.out) in the C:¥winAMS_CM1¥target folder.

W winAMS CM1 —— | Prepared directly under C drive |

H Static Analysis Environment
CP2Project— (CasePlayer2 project) yLoadable object

AOMEonvertedo objecit

target \ Compilation environment for (SAUF format *.xl0)

A evaluation source Debugging information required
UnitTest
SAMP1out. xlo Automatic conversion to SAUF format (*.xlo) with
. wrage Master's fAOMF
Unit test environment
(WinAMS project) Iﬁ; OMF Convert
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Exercise 1: Our First Test (Intro)

About the Issue

First, let's experience a series of testing tasks, creating a CSV file for unit testing and outputting
the results after the test is executed. In this hands-on training, you will learn how to create a test
input CSV file and how to check input/output test results and CO coverage results.

Create a new test project

First, create a test project.
1. Start Coverage Master winAMS by selecting Windows i St a-» t B GAIl O wi>n AMS O
Awi nAMS(SSTManager) 0.
2. Sel ect AF3AMNOW nRRrmauj ect 0.

In the dialog for creating a test project, configure as follows.

3. Enter #fAUni tPlogst Name.dAfoldernith this name will be created.)
4. Press the Browse button and select the folder, # Gwi n AMS _ CTMe UnitTest
folder will be saved in this location.)
5. Under Simulator Engine, sel ect fASt®&nodawond @AEHyghed®peed ( S>
6. Select a microcontroller name for MPU.
7. Select a compiler name for Compiler.
8. The fOtherso setting varies depending on the selected microcontroller/compiler.

For detail s, refer to the->WiiAMPdwsSemdn n g GAINA a

refer to the relevant microcontroller/compiler setting information.
9. Leave the CasePlayer2 project blank. (This will be used in Exercise 4.)

This creates the "C:¥winAMS_CML1" folder, which contains the UnitTest folder for storing test-
related data, and opens the test project.

Create New Project X
Project Neme: | UnfTest | Y Set the project name.
anaﬁon:‘c:ii-mnAMSfCMl | Y A fol der wi t h ] q:reateq ect
(Sel ec¥vi AAMS )CM1 0
Import Settings...
Tk b Y Select microcontroller

simulator Engine: () Standard (System-G)

@ Hah Speed (59 Y Select simulator en
— ] [JC++ code incioded Y Select compiler name
ik _ (C++language included is OFF)
Endian hd
Ea— Others — Y Settings vary depending on the selected
microcontroller and compiler..
MPU Detailed Selection: | General v
CasePlayer2 Project File:
| Y Leave blank-3for Exerc
(Used in Exercise 4 to use the test data
o] Cancel Help creation support function.)
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OMF Conversion Settings

Once the project is opened, makethenecessary settings. First, perf o
convert the executable object file (*.out) gener af

1. Press the Converter Settings button at the top of the left column.

2. Set the compiler-generated execution object file i GwinAMS_CM1¥target¥SAMP 1. out 0O
to the second line Input Object from the top of the setting item.

3. Check the Convert Automatically checkbox at the bottom of the settings item. (This is
checked by default.) By checking this checkbox, OMF conversion will be automatically
performed every time the executable object file is updated thereafter.

B8 SSTManager R9.1 - [UnitTest amsy] - [} X
¥ | File Edit View Build Tools Window Help - & %
A= 7@
o
OMF Convert )}gsg|Start Simulator E“, Create CSV | cpgz| CasePlayer2 Dg:g‘;:o‘:gvands =
Converter Name: | ARM GCC OMF Converter ~ Output Warning Messages
Az Converter —
%ol Settings | Input Object: ‘ C:¥winAMS_CM1¥target¥SAMP 1.out l ‘ ... | Extension: |out
[ specify Output Filename:
+ X, | Target Settings
- Converter Options: ‘ Help
Edit Source File Location
g;'l'_us Stub Settings Source File Folder List: ... | Create
- Indude Folder: | Down
J[-L_Sjr Test Settngs Source Folder Add...
Delete
PEE2N Test Resuits
= Coverage Edit Debug Information
Debug Info Folder List: w. || Create
1 Filename:
D;;;'-' Other Settings ! I
e (Don't attach file extension)
Debug Target Filename Add...
Delete
Convert Automatically
Ready

Next, perform OMF conversion.

4. Press the OMF Convert button at the top.
- The result of the conversion is displayed in the message view at the bottom.

Starting to convert.
Initialization...
Converting Header Information...
Converting Unit Information........
Converting Section Information........
Converting Debug Information....

Ending Process...

Complete to convert OMF. Output number of debug file(5) number of debug

- 12 -
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Other settings (for using EXCEL as CSV editor)

Once the project is opened, the first step is to add the settings for using Microsoft EXCEL (*EXCEL
must be installed on the PC to be used) for CSV creation. ) to create the CSV.

1. Press t he fiObutioainth&lefttcalumn.g s 0
2. Confirm that the second | ine fQCSV¥tasttesulefilet op of
with external e(tfitis motrclieckedschechitd c k e d .

‘1
“  QOther Settings
Others ng

Open C5V test result file with external editor

Specify test target and startup settings

Setupthetesttarget Fi r st , specify ASAMP1.out.xl o, d an OMF ¢
and created in the previous section.This file contains debugging information, including variable

symbol names for setting test contents, source file paths, and correspondence information

between source code lines and execution code (line information). Only one file, this .xlo file, is

designated for testing.

1. Press the fAStartup Settingsod button, the seco
2. Confirm that i G4winAMS_CM1¥target¥S A MP 1 . o u it registeredin the target
object file.
Next, check that the fistartup command file, o a f

environment, is set. The startup command file is a command (script) file that is executed when the
microcomputer simulator (System Simulator) is started, and is useful for starting the test
environment with the same settings each time.

B s5TManager R9.1 - [UnitTestamsy] - m} X

¥ | File Edit View Build Tools Window Help - & %

Y3 ? @

@sms.mlam S| Createcsv [ Object file after OMF conversion ]

/ e
| Target Object File: | C:¥winAMS_CM 1¥target¥SAMP 1.out, xlo |V
o Converter
2ol Settings Startup Command File: ‘ C:¥winAMS_CM 1¥UnitTest¥SS_STARTUP. bxt Edit
N\
Simulator Options: ‘ A
( Y, | Target Settings > .
N Additional Path: | Startup command file
‘["_j Stub Settings [JRun frem command prompt
ALl Performance Settings
Simulator Options

= [[IHigh Speed Mode
_}'é;‘]r Test Settings [ start Automatically

— Quit Automatically DDD not output the Start and End messages

) for each function.
[_‘1 Test Object Performance Help
Test Results
Result & Target Object
e [ Assign all memory areas

= ject file with -

Cwvrg Coverage sewhgbo]:id: w Prevent writing to code area

= 0 Restart the simulator Automatically create CasePlayer2 documents

.~ Other Settings for each test CSV
Others

Merge simulator log files

Filename: Stack Area Settings

Run simulations in parallel [set Area Show Area
Max number of
paralel executions

[ImPu dock
12 MHz

Ready




CoverageMaster winAMS Tutorial

Startup Command File

The startup command file is a script file loaded when the MPU simulator starts. It is used to change
the MPU simulator configuration for unit tests. For example:

5

5

5

5

Change memory attributes (ROM -> RAM)

Skip unnecessary loops that wait for hardware or peripheral signals
Change local variables while executing a target function

Initialize a large memory area before starting unit tests

The startup command file contains the following. When the microcomputer simulator is started, all
commands are executed in order from the top. Click the fi E d ibuttén on the right to review the
contents in Notepad.

B8 SSTManager R9.1 - [UnitTest.amsy] - O X

E T3 2@

o 1 o] Qutput commands to
|1s5|Start Simulator | hy| Create CSV  |ppp| CasePlayer2 Dmessage view

File

Edit View Build Tools Window Help & X

TR

ol

Target Object File: | C:¥winAMS_CM1¥target¥SAMP 1.out.xlo

Converter
Settings Startup Command File: | C:¥winAMS_CM 1¥UnitTest¥SS_STARTUP, txt @

Default Commands Open in Notepad ]

RSP PO Lo P F e B BT |

,_ System Simulator . XIO,J /

5 Test Target

> ¢ start log/all
Object File

1 1
1 1
| on error then continue !
1 I

3 set unit/all !
txt I O T TTTTTTTTTTTTTTIIT

1

) 1

: a1 G !
== Startup '-----% ---------------- :
o Command File

Added commands by user

The first three lines are the basic commands required to use the microcontroller simulator for unit
tests. The file created by default contains only these three lines.

If you do not need to change microcontroller settings or operating conditions, you can test only
with default commands. A simulation error occurs if an operation that violates a memory attribute
occurs during the simulation run.
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(Ref) Unit Test Flow

In this reference section the CoverageMaster winAMS unit test flow will be described.

CoverageMaster winAMS uses an embedded MPU simulator (System Simulator) to execute the
functions coded for the target device. The MPU simulator is designed so that it will perform the
same as if tested on an MPU evaluation board.

Normally when the MPU system powers up the hardware is reset, the program counter (PC) is
set to the reset vector (start address), and then the operation begins. The MPU®& initial program,
called the startup routine, is found at the start of the program. When executed the startup routine
initializes the stack pointer, initializes the MPU register, and makes other necessary settings for
operation.

For a standard MPU system, the main() function is then called after the startup routine has been
completed. When performing unit tests with CoverageMaster winAMS, the program counter is
instead altered by the simulator to execute the target function.

The Specify Startup Routine End Address setting in the Test Settings specifies where to start
after the startup routine has ended. Normally this is set to main(), however it may be changed to
a different address if necessary.

Initialization End Address:

@ By function name By address

vee | M@In Offset: Ox0

In order to start the startup routine when launching the MPU simulator, the reset address value
should be specified to PC (program counter). The @resetdcommand described in the startup
command file will set the MPU®& reset address value to PC automatically. However, the address
may not be set correctly depending on the MPU type. In this case, the fset reg pcocommand can
be used to set the reset address value.

Set reg pC e Ox********

Refer to the MPU hardware manual regarding the MPU reset address value.

F—————— e —

——— «— @ set reset address

|
Startup : - - - - :
Routine ; Startup Command File ; Startup Command File |
(1) Execute startup . | |
routine ( Set SP, : : @reset set reg pe=0x- e |
Initialize registers) I |
. D | Normally @reset command set If @reset does not work, the start |
(2) Move to main( e e L _thestartaddressof MPU __ _ _ __ addresscanbesetmanualy |
) . " [ — T ——————————————— e 1
Unit Test Base Point —» ‘ main() +——— |.Set the unit test base point : Initialization End Address |
{ I ) Initialization End Address: !
(3) Do not execute /. | Normally the unit |
main(), and move to Appkigation | testbase point is 9 By function name By address :
target function main()+0x0 S -
immediately } Do not run : U main Offset: 0x0 :
l\-- |
T " Target function
CIEG UIOEIEY E@j (4) Load a test case Move to the
funci < from a CSV file next target func2()
(5) Repeats for each unci() nput.csv function {
set of test data { I . . .
Function unit execution ﬁ
{gﬁ (4) Savearesult to a
: , }
} h-.‘"'h sutput.csv CSV file
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Creation of CSV file template for module testing

Now let®& begin practice Exercise 1. The goal of Exercise 1 is to create test data that will achieve
100% CO coverage for funcl() included in the sample code.

Below is a copy of the sample code for funci(). It may also be viewed by opening main.c in the
development environment.

/I Global variables case 2:
struct ST_PARAM gb_result.data = input  *100;
break;
int data; case 3:
int ret_code; ifC input  >100)
} gb_result; gb_result.data =10000;
else
void funcl( int enable | int mode, int input ) gb_result.data = input  *100;
{ break;
if( enable ) default:
{ gb_result.data =-1;
switch(  mode )
{ /I return code
case 0: gb_result.ret_code = TRUE;
gb_result.data = input
break; else
case 1: {
gb_result.data = input  *10; gb_result.data =0;
break; gb_result.ret_code = FALSE;
}
}

First let® confirm the input / output conditions. The variables in red (above) are the input, giving
us three input variables. There is no return value for this function; the results are stored in the
global structure gb_result.

Therefore, practice Exercise 1& test conditions include three input variables (enable, mode,
input) and two output variables (gb_result.data, gb_result.ret_code) included in the global
structure. We will use this information to create the CSV file.

Now we will create the CSV file for testing funcl().

1. Click the Create CSV button in the upper portion of the SSTManager window.
2. Select Unit Test CSV and click the OK button.

Select CSV File Type x

\ (@) Unit Test CSV
Create CSV E

by
o £ (") start/End Symbol Test CSV

Cancel
(") start/End Address Test CSV

(") Sequence Test CSV I
() Automated Test CSV

Class Test CSV

The Unit Test CSV Settings dialog will now appear.
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Unit Test CSV Settings x
t\\ename: funcl_data Test Description: | funcl unit test
|Funct\0n: funcl — Pass arguments through the stack

[using test driver Measure coverage for functiom:

[ simulation time limit 1 b: Base Time
Startup Command File Select Function X
All Variables peg| ~Refine Search =R - o
By Source File: --e
Variable: 'El--f Cancel
o -func_medc_01
- Open
=ad func
g -func3 Help
—] ! -func3_sub_calc
—] ! -func3_sub_read_io
ar i funcs
o _ L funcs
-1 Static Local H-m
-2 Function Pa A
-] Function Re [-H
B
Refresh Up
List Options Down
] Show assembly labels
Clear
Limit [esunS,to Check for Missing
source file:
Check for missing before creating file
oK Initial Values Stub Settings Enter Data Cancel Help

From this Unit Test CSV Settings dialog, we will enter the test conditions.

3. Enter funcl_data as the filename.
This will become the name of the CSV file with a .csv extension. The filename may be anything
you wish, but since in most cases a CSV file is created for each function, including the function
name helps keeps them organized.

Next select the target function to be tested:

4. Next to the Function box click the € button to open a selection dialog, select funcl by
expanding the f tree and clicking on func1l, then click OK.

The selection dialog includes a list of functions whose debug information is found in the
SAMP1.xlo object file we included previously. Function names may also be typed in directly
instead of by using the selection dialog.

5. Input funcl unit test into the Test Description box.
This setting is optional. However, by giving the test a simple descriptive it makes it easier to
differentiate this CSV file from others. The test description will appear in the CSV file list and
results report.
Next select the INPUT variables:

6. From the All Variables tab of the variable list view, expand the Function Parameter

- 17 -
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folder. (three function parameters for funcl will be shown)
7. Select Enable, Mode, and Input from the variable list, then add them to the INPUT list
by clicking the Add (I)-> button located next to the INPUT list.

Function Parameters appear as function_name@variable_name in the variable list.
Lastly, select the OUTPUT variables:

8. Expand the g folder in the variable list to display the variables starting with the letter @6
9. Expand the gb_result tree, then add gb_result.data and gb_result.ret_code to the
OUTPUT list by selecting them and clicking the Add (O)-> button near the OUTPUT list.

10. Click OK.
. Input
All Variables Register Maps Defined Symbols @enable ——
- @mode
Variable: ' -
= T
Add (I |~ Add O
e gbioutput -~ U
-l gb_port1 E
=B gb_result Down
@ gb_resultdata
L gb_result.ret_code Clear
- gb_unused1
- gb_unused?2
-4 gb valA
- gb_valB
- gb_valC
. gb_valD Check for Missing
A
Output
gb_result.data Delete
k b It.ret_cod:
A tatic Local Vanables Edit -
=] Function Parameter
: Add (O)-> |~
~de func1@enable — Add /0
~/ds funcl@mode up
/& func1@input r—
(21 Function Return >
Clear
Refresh
List Options
[ Show assembly labels

Limit results to

) Check for Missin
source file: L

Check for missing before creating file

Note: When adding variables from the variable list, you may select and add multiple variables at
a time by using the SHIFT or Ctrl key to make a multiple selection.

Youd&e now created the funcl_data.csv file to be used in Exercise 1.
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Check the Unit Test CSV File You Created

The generated CSV file (template) for module testing will be displayed in the A CSV  Lin tket 0

iTest Seletsichecks aut.

1. Pressthefi Test S ebuttom am the léft of the window to switch screens.
2. Doublecl i ck fAfuncil &S\ . LlbdsaumoldExcel. t he

Tt B fir CSV List Function List Class Test CSV List
Function: Find

'.}'TEB Stub Settings Run CSV File Test Description Function Type
[T funcl_data.csv funcl unit test func mod

/
C/{Test Settings >/
/
Result Test Results Test Description:

Check the generated fiICSV filed with EXCEL. What is created is the part of test conditions such
as selected function name and input/output variable name.

Function name Number of input  Number of output
For module testing. to be tested Test title (optional) variables variables
A B C D / E /
1 |mod funcl funcl unit test 3 2
2 |#COMMENT| @enable @mode @input | |gb_result.data__gb_result.ret code |
2 Input variable Output variable
names (there are 3) name (there are 2)
funcl_data + :  « O B

Because this file is a CSV file in comma-separated text format, EXCEL or a general text editor can be used,
but once the CSV file has been generated, if you wish to add or remove variable settings, do not edit the CSV
file directly, butreturntothed Uni t Te st C 8idlog 8nel tedoithe wasable selection. Even after test

data has already been entered, variables can be added without losing any data.

To return to the AUnit Test CSE/d iSte thatto@ogtise dightdi
the "Class Test CSV List".

Class Test CSV List
Open
Find
Delete
Test Description Function Type Check
func unit test func mod Uncheck

Edit Data...

al

0g
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Although not used in this practice, the i # C O MME field in the CSV file will be explained.

The cells in this column are used to invalidate (exclude from test data) the entered test data row.
Entering a /i ; (balf-width semicolon) in this cell will disable the data in that row. It can be used to
temporarily exclude data.

It can also be used in actual operation to comment and describe the meaning of test data. If you
put a semicolon in the #COMMENT field, you can describe anything on that line.

A B C D E F
1 'mod funcl funcl unit test 3 2
2 #COMMENT @enable @mode @input  gb_result.data gb_result.ret_code
3 (You can freely write comments here.)

4

Add test data to ACSYV

Let's add test data for testing funcl() tothisi CSV of itleemp | at e f o rFirstnletdmurd e t e st
Coverage Master winAMS to experience what kind of test results will be output. Use EXCEL to add

test cases. One row of CSV corresponds to one test execution of a function, so we create test data

for 5 executions of funcl().

3. Add the test data to the INPUT variable in lines 3-7 in the figure below. (5 test cases)

4. Thefie x pect e dcanvhadntereddas a member of the gb_result structure, but this

time we leave it blank. The input of expected values will be discussed later in the

section on retesting funcl() to achieve 100% coverage.

Save this CSVfilefi f un c 1 by avenariding it from the EXCEL File menu.

6. Close EXCEL. If you leave a CSV file open in EXCEL, you will not be able to open this
CSYV file from other applications such as Coverage Master winAMS because the file is

o

still open.
Enter here Where to enter expected values
A B C D E F
. 1 /mod funcl funcl unit test 3 2
2 [#COMMENT y@enable @mode @input  gh_result.data ¢ gb_result.ret_code
—— mm mm P em = -y
3 0 0 10(] |
4 1 0 0]
5 1 1 10 | I
6 1 2 10 I |
|
7 1 3 10
8
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Test execution of funcl()

Let's perform a unit test run of funcl() with the created CSV file. Before doing so, check the setting
items listed below (1-5). If the items are not set, set them.

1. Checkthe checkboxtotheleftof if unc 1 d ain GBY Lkist.v 0

2. Check the checkboxes (3 locations) in the Coverage Settings column in the figure
below.

3. Setlnitialization End Addresstofimai no + fA0x00.

4. Check the Output Execution Time in the Other Settings column.

5. ChecktheTr e Bib € h e c k 6 in the OtleO3¢€tbings column.

CSV List Function List Class Test CSV List

Function: ‘ ‘ Find

un CSV File Test Description  Function Type
funcl_data.csv func1 unit test funci mod

Test Results C:¥winAMS_CM1¥ UnitTest¥ Out2025-01-31(13'18'03)

| ¥ |
| Coverage Settings 1 Pointer Area Allocation Settings

|Output Coverage Advanced... [ ]set Area Show Area

I Coverage data for each test case Start Address:  x0

I [JFunction Coverage Call Coverage | Select Target... sk Lol

| Create Coverage Log
|  Log Format: (@ Text (O HTML

- .
Initialization End Address: [ ]loutput Execution Time
| |
(@) By function name () By address Use EUC code for data

reat'No heck' as 'OK'
‘main ‘ Offset: ‘UXU ‘
Advanced...

TheA Out put EXx e c dundtiominthdi @telde r S edlumn is rptsadequired setting.
This function outputs the time taken by the microcontroller to process test data for each test data.
The measured time is written to an output CSV file.

|
|
I
C1 Coverage MC/DC |
|
|
|

Other Settings

However, this measurement time is converted based on the cumulative number of cycles (clocks)
executed per instruction executed. Operation times such as read/write time to memory, pipeline
processing, and cache execution that occur in actual microcontroller hardware are not taken into
account. Therefore, the time measured here does not exactly match the actual execution time on
the microcontroller chip.

The number of microcontroller clocks for time conversion can be changedin A MP U  C | irotieek o

fiTarget Svewttomgsdi s practice, assume that the mic
setthevaluetofi 1 0.0 0

[«“] MPU clock

100 L5 MHz

Now, let's start the microcontroller simulator (System Simulator) and the unit test simulator
(WinAMS) and run the tests.
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Press the AStart Simulatorodo button at the top
The microcomputer simulator (System Simulator) starts up.

Make t he A Wi ngmderdandwplace dio acorner of the desktop (this

window is not used).

©~No

E SSTManager R9.1 - [UnitTest.amsy]
¥ | File Edit View Build Tools Window Help

3= ? @
I_ﬁ; OMF Convert ..;s. CreateCSV  [cpp| CasePleyerz  System Simulator

Fie Edt View Progam Tool Execution Help
HASY LS Gaoas -0 T B P b R e R s -
% I i€ -0 x o —— w x| |
G .ca l =)
e e Ser DT g T =
Source Pl ut lon wodes and sof u stak far
LT E 0;5 EF'““ it.s fr%saﬂ"ﬂlntnm\s exanple co
, B, é L riies Note: Mode ch via GPSR is not alloved once | 1
e ol so'ee e Chra ot 15 anter bhert o 26F 4 Make the window smaller
and also skip most operations if aiready in that d itin th
80 00008120 an pUt it in the corner
100008124 ‘
2 d s b
STUB
|
- 1
- [me.,..m N e
1 =
! Ty 1
Hodizantal Zoom | 100% - w.:mm‘ File View Window Help
Display Format Dec (mal i | o %
19€ 0000812¢ | l
=Eil || B ez = [EEs
e =2 1
=== Cortex-A === V1.07.0 (CORTEX-ABL) 1
i[Load of Debugging Infornalion vas started.] Display ot I
i[Directory] 1 Tire A 1
i[Individual eathl I I
:[010ck] 1 1
Sl Grcle /Clock 100 Iy T g e e e em em e e e e e -]
I H v
e 1 - N oL
1 -,

9. Selecti Opti ohsom. bhe fATool 6 menu of the microcon
10. Checkthe checkboxes (3 |l ocations) for the tracir
below). With this setting, the execution point of the source code (the line displayed in
yellow in the source code window) is traced.
11. Pressthe i A p p buftan to close the options screen.

E System Simulator

File Edit View Program | Tool | Execution Help
il Gy ¢z [;] | B ~ e Macros... v|g
72— - 0

G0, <search

Options

=i Environment
Memory Assignment Trace
Directory Settin
Micro L g race the program execution
Clock
Disassembler

Export Memory
= trol Instruction object All Instructions o

Trace Unit Instruction v

= Display Settings
Source window Update the Source window when taking trace
Text encoding
ehomers [EJfaksi

General

Apply Cancel Close
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12. Selecth Gofor om t he AExecuti ond menu in the mi
Simulator). Microcontroller Simulator (System Simulator) source code tracing begins.
The trace position indicates the point where the test is currently being executed.
E System Simulator
File Edit View Program Tool | Execution | Help
0 GicaQng®-9 ;
72— v & % B
B B system Simulator - u] X
File Edit View Progam Tool Execution Help
1 51.Cx CH Gl B - @ | i[Sear S F = PO R R R PR R R e B
I74 12— v 3 X at0.5” mainc | s x|/[LIa51 - 7 X
— +J| |funcl(int, int, int) [0x823C] o || Name & Hexadecimal -
=y SAMP10~1.XLO S : = : RO 00000001
BRI Source Files| -2t = —— - T T e e e = === Al 00000001
// elobal ]
 cnas Struct ST_PARM = 00000008
J mainc int data; \ R3 00019380
() Header Files int ret_code; 24 0008800
{2 OtherFiles } gb_result; 1 RS 00000000
38 1
;B void funci( int enable, int mode, int input ) 1 Re 00000000
4000008230 7 00000000
4100008254 if( enable ) I RE 00000000
: ) A, s
[ Running screen case 0: _Running Row 1l 00o7aFEC
;EE;E?UH.MH = input; 1 Riz 000TAFFO
case 1: I ||se 0007AFDS
00008294 gh_result.data = input * 10; 1 LR 00008228
:j\" 000082AC Easebge;ak, 1 BC 00008254
52 00008280 + gb_result .data = input * 1003 1 CPSR 800001D3
00082C8 break; 1
54 + case 3:
55 ' ANNNR2NA PF( inent>100 ) Iv -
< 2] [&] L¥as B YzvF
i’ﬂﬁ%________________________I_ ______________ = -2 X
kraced to main¥func ¥i71+12 | ! A~
kraced to main¥nain¥f18+4, returned from main¥funcl¥fi71+12 | 1
eturned from funcl 1 1
SYSTEMG-1-XIPC, function “main¥funcl™ called by process “winAMS™ 1
raced to main¥funcl¥#d0+d #- Show executed rows
fraced to main¥func¥H40+8 ! !
‘:raced to maln¥func|¥H40+12 ! 1
raced to main¥funci¥H40+16 !
kraced to main¥func)¥H40+20 - 1 v
1 >
=)
Break 443 cyc(300 ins)¥0.00443 msec CORTEX-ABL(100 MHz)
The Atrace moded used here updates the source
slows down the execution speed. This trace mode is not used in normal testing. From now on, this
trace mode wil/ be used with this trace mode
100 %0 )
When ACompl eted the test.o is displayed, the
B system Simulator - a x
File Edit View Program Tool Execution Help
AL Sa 05 QLG (B - @ o i [-Searen Ve m.E.PRERE . 6 EEaBE
72— - 2 X 0.5 mainc | = x||L¥2R1 > & x
& @l <Search 2] |main() [0x3224] v | Mame 43| Hexadecimal || A
=Ly SAMP10~1.XLO 77 T = T RO 00000001
= it Hdefine TRUE 1 ol 1253 o0
_Jerto.s 11 fidef ine FALSE 0 R2 00
L irac 12 R3 00019380
| mainc 13 o
£ Header Files 14 unsigned Int *IRO_COUNT = (unsiened int *)0x04000000; /, | R4 0ooooo00
£ Ofther Files 15 unsigned int *TIM_ENABLE = (unsigned int %)0x04000004; /, RS 00000000
18 R6 00000000
17 void main()
1600008224 R7 00000000
19 + // hpplication progran here RE 00000000
Sﬁ' 00008220 ! Ro 00000000
90 vjpprr— <
< > ||& vyan EoavF
ToRIvh >~ X
traced to main¥funcl¥#6d+16
traced to main¥funcli¥471, jumped from main¥funcl¥fB4+18
traced to main¥funci¥fi7i+4
traced to main¥funcl¥f71+8
traced to main¥funci¥fi7i+12 ) X X
traced to main¥main¥tt18+4, returned from main¥funci¥H71+12 It will be d|sp|ayed when the test is completed
[Teturned Yrom Tunco
r?ﬁwiﬂAMS-I-TEST. windM3: Completed the test.

v
< >
o]

Break 555 cyc(381ins)0.00555 msec CORTEX-ABL(100 MHz)

croc

code

turn

test
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13. Sel ect AExito from the fiFiled menu of the mic

Check funcl() input/output test results

When the microcomputer simulator (System Simulator) is finished, a test result CSV file is created
in the ATest Resultso window of SSTManager. The f|
it is generated in a different folder from the CSV for input.

First, check the test results.

1. Doublecl i ck the test result Afuncl_data.csvo. E>
are displayed.

Test Results List
QB Stub Settings || CSvFie Test Description Function
funci_data.csv func1 unit test funci | Open ‘ hd
-}g Test Settings \ Compare with Input
=N Created test result CSV file GonparelwithiTestltoc] 5
C% TestResuts ) GCopy to Input C5V

The test results (output file) are in the same format as the CSV file for module testing (input file).
Input data given to the 3 arguments are copied and output as is. The data output to the structure
members igb r e s uland.idgabt_a de s ul t .isrtleetresudt ofdhe @xecution. Since no
expected value is 5 set for the input data, the judgment column in column 7 (column G) will display
ANO Checko. (I'f you set the expected value, OK/ NG

o Estimated execution

e @l 1 g . time (approximate)
Input data is copied as is. Execution Result checkedo Converted by set

expectations are set clock frequency

A B C D E
mod |func1 funcl unit test
H#COMMENT @enable @mode @input gb result.data gb result.ret_code

1
2

3 0 0 10 0|NO Check 0.00027ms
4 1 0 10 10 1|NO Check 0.00034ms
5 1 1 10 100 1|NO Check 0.00038ms
6 1 2 10 1000 1|NO Check 0.00038ms
7 1 3 10 1000 1|NO Check 0.00043ms
8

The destination of this test resul Fod&&Vuiidér @Thes
S et t iBy defadlt, the folder name with the timestamp of the project creation is applied.

Test Results Folder: ‘ C:¥winAMS_CM 1¥UnitTest¥Out2025-01-31(13'18'03)

I ¥ |
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Check the Coverage for funcl()
Next, check the results for CO coverage. The output data checked in the test result CSV file is also
referenced in the coverage results, so it is necessary to close the CSV file opened in EXCEL.

1. Close the output CSV file (funcl_data.csv) opened in EXCEL
2. Press the fACoverkfged button on the
3. CO coverage rate fn88%0 can be confirmed.

Function co
Coverage
funci 38%

4. Double-click on funcl in the function list to display the Coverage Viewer.

funcl €0 Coverage: 88% EI@
Run Mot-run Run or Not-un
|Show Disassembled Code Show in Flowchart Line € All Tests v|
28 { -
29 int data;
3o int ret_code;
31 + gb_result;
32
a3 woid funcl{ int enable., int mode, int input
34|54
35 (5 if{ enable )
36 { E
374 switch{ mode )
38 {
39 case 0:
401 gh result . data = input:
411 break:
42 case 1:
431 gb _result.data = input * 10;
44 (1 break:
45 case 2:
46 |1 gb_result . data = input * 100:
47 |1 break;
48 case 3:
49 (1 if{ input:100 )
s0|n gb_result . data = 10000;
51 =l==
52 |1 gb_result . data = input=*100;
531 break:
54 default:
S |0 gb _result.data = —-1;
1
57 /4 return code
EERES gh result ret_code = TRUE:
gy 1
60 else
61 {
62 |1 gh_result . data = 0:
631 gbh_result ret_code = FALSE:
b4 T
65 |5 |F
1] s 7 -
- - . - [
ChwinAMS_CM1\targetimain.c Line: 31

This is a portion of the CO coverage result of funcl(). As the legend at the top of the screen
shows, the yellow highlighted code indicates code not executed, red indicates code that was
executed by all test data sets, and green indicates code that was executed by at least one test
data set. The number appearing to the right of the row number indicates the number of times the
line of code was executed.

Next wede going to display the coverage view alongside the test data sets.

5. Atthe upper right portion of the Coverage View window change the selection from All
Tests to funcl_data.csv.

6. This will cause the test result CSV file to appear in the upper portion of the Coverage
View window (if not visible try adjusting the window size or by scrolling).
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click —

funcl  CO Coverage: 88% EI\EI
Run Mot-run
Show Disassembled Code Show in Flowchart Line Coverage
COMMEN' 1 2 3 4 5 3 7
COMMENT
WAME Conne | @snable | @node @input |gb_resul |gb _result. |CK-HG Executio
nt t.data ret_code n Time
1 0 ] 10 0 il HO Check |0.0003ns
2 1 ] 10 10 1 HO Check |0.00035%ms
8 1 1 10 100 1 HO Check |0.00044dn=
4 1 2 10 1000 1 HO Check |0.00046m=
5 1 3 10 1000 1 HO Check|0.00052n=
] il
33 |void funcl{ int enable. int mods, int input ) -
24 |4
35 if({ enable )
36 {
a7 switch{ node ) =
ag 1{ 5
39 case 0:
40 gb_result . data = input;
11 break;
12 case 1:
43 gb result.data = input = 10;
14 break;
45 case 2:
46 gh_result data = input * 100:
17 break:
48 aze 3
49 if{ input>100 )
50 gh_result data = 10000;
51 else
52 gb result.data = input=100;
53 break;
54 default:
55 gbh_result .data = -1: -
4 o B *
ChwinAMS_CMI\target\main.c Line: 31

Try clicking on one of the test data rows. Once selected the test data row will become
highlighted, and the coverage path for that data set will be shown in red in the coverage display.
If a comment row or name row is selected the coverage for the entire test set will be displayed.

In addition, it is possible to highlight the test data that passes through a selected line of code.

7.

8.

9

Click anywhere other than the number (e.g., NAME) to return to the overall coverage
view.

Right-c | i ck 6 on iftifpEg>100)nenof i gure 6ad above.
Select AMake Data Rows Passing Here.

10. Ared mark appears on the 5th data.

4 1 2
1 3
<
16
47 >
LY if( put 100 )
49 gbh result.dat
50 else
51 gb_result . dat REUEEAEE]
52 brealk
53 default:

This means that test data line 5 is the only set of test data that passes through the selected if
statement.

Looking at line #50 of the code wedl notice it is highlighted in yellow meaning it was not executed.
Therefore, we need to come up with a value to insert into the test data so that this row will be
executed. Using test data row 5 as our base (since it passed through the if statement), we simply
need to enter a value greater than 100 into the input variable to make the if statement true.

- 26 -
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The above are simple examples of analyzing features available from the coverage results. For
unit testing with more complex source code (such as multiple nested condition statements), these
analyzing features become even more useful for determining what test data to enter.

The Relationship between the Code and the Coverage

CoverageMaster winAMS executes the actual MPU code in order to perform unit testing and
coverage testing. This section will explain the correlation between the MPU code and the
coverage results.

1. Click the Show disassembled code button found in the upper portion of the coverage
view.
2. The disassembled code (the MPU code) will be displayed in the coverage view.

The disassembled code comes from the debug information generated by the compiler. It is the
same as a C / assembly fimixed displayoof ICE debuggers and MPU simulators.

CoverageMaster winAMS displays the coverage by highlighting the C code that corresponds to
the execution code (MPU code). When using compiler optimization features, the compiler may
modify (optimize) the execution code in order to increase the execution speed. This may
adversely affect the coverage results display.

Using the code below as an example, youdl notice the variable int i is declared at the beginning
of the function. However, since the variable i is not used in the function, it was removed due to
compiler optimizations. In this case int i will simply be left blank and not receive coverage as
shown below.

funcl  CO Coverage:88% EI@
Run Nat-run Run or MNot-run
Show Disassembled Code Show in Flowchart Line Coverage All Tests -
31 [ gb_rssult: -
32
33 vold funcl{ int enable., int mode. int input )
3415
35|58 if({ enable } E
36 {
3701 swvitch{ mode )
38
39 case 0:
4001 gb_result.data = input:
411 break:
42 case 1:
431 gh_result data = input = 10:
44 |1 break:
45 case 2:
461 gh_result data = input * 100:
[

ClwinAMS_CM1\target\main.c Line: 31

Like in the example above, it may be useful to show the disassembled code for unmarked lines
when viewing the coverage results.
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Open the Test Report File

Now let& open the coverage test report file.

1. Click the Test Results button on the left side of SSTManager.
2. Click the Open Reports button on the upper right part of the window.
3. Thetest report will be opened with your web browser as shown below.

[ Test Report

O @ File

Test Report

Entire Information

x P

C./WINAMS~1/UnitTest/Out/TESTRE~1.HTM

Top CSV Filename

Cl'winAMS CM['UnitTest\TestCsvifuncl _data.csv

Test Title funcl unit test

All Coverage Rate 88%

Tested Date 2020/11/26 14:21:16
All Output Comparison No Check

Total of CSV File

1

Total of Test Vector

5

Startup CommandFile

ClwinAMS CMI1'UnitTest\Out'SS_STARTUP.com

This HTML file contains a variety of information regarding the most recently performed test.
These test report files are not intended for archival storage, rather temporarily stored for viewing
the results of the most recent test.

The test report includes the following information:

Entire Information: The top CSV File, links to the input CSV files.
Test Report: CSV Files, links to the output CSV files.
Coverage Report: the tested functions and their coverage rate, links to the coverage log files.

An example of a coverage log text file is shown below. The log files may be output in either text
or HTML format (configured from the Test Settings window).
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[ TestReport X [ func1&0001.1xt x |+

O @ File | C/WINAMS~1/UnitTest/Out/TestCoverLog/main.c/func1&0001.txt

Function name : funcl

Source file name o C:\winAMS_CM1\targetimain.c
Ce Coverage rate : BB%

Test time : 2828/11/26 14:21:16

Un-exe Exec T/F Count SOURCE

} gb_result;

void funcl( int enable, int mode, int input )

0 5 1
0 5 if( enable )
{
0 @ 4 switch( mode )
{
case @:
0 @ 1 gb_result.data = input;
0 @ 1 break;
case 1:
0 @ 1 gb_result.data = input * 18;
0 @ 1 break;
case 2:
0 @ 1 gb_result.data = input * 108;
0 @ 1 break;
case 3:
0 @ 1 if( input>le@ )
X =] gb_result.data = 10008;
else
0 @ 1 gb_result.data = input*100;
0 @ 1 break;
default:
X =] gb_result.data = -1;
1
// return code
0 @ a4 gb_result.ret_code = TRUE;
h
else
{
0 @ 1 gb_result.data = @;
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Retest func1(), get 100% Coverage

The goal of Exercise 1 is to achieve 100% CO coverage. So we will add the missing data and retest.
It also sets the expected value and checks the result of the expected value determination.

1. Switch screens with the fATest Settingso butt
Afuncl _data.csvo.
2. Add 2 times test data (red solid line).
3. Add the expected values (red dashed line). Some data are intentionally set to different
values.
The expected values enclosed by the red dashed line have been entered with values that differ
from the results of the run (cells with expected value = 99, in 2 places). We would like to see how
the different results from the expected values are reported after the run.
A B C D E F
1 |mod funci funcl unit test 3 ?
2 #COMMENT @enable @mode @input gq_ﬁesmt.cﬁta_gbjesmt.gt_ade—|
3 0 0 10 0 0]
4 1 0 10 10 1 |
5 1 1 0
6 1 2 10 L 1000
7 1 3 10 = Tooh _/Z - = 5?5
g 1 3 200 Cell [99] contains the results of
the run and the different expected
? 1 4 10 value from the result of the run.
4, Save the CSV file using fiSaved from the AFi/l
5. Close EXCEL.
Now, we willretest. | n t he previous test run, after pressing

was performed by manually operating the microcomputer simulator that was started, but this part
will be automated. (Auto run mode)

6. Switch to the ATarget Settingsodo screen fr
7. Enabl e both AStart Automaticallyo and AQui
ASi mul ator Optionso section.
Press Target Settings =1

Simulator Options: Manual -

.} | Target Settings mode
Additional Path:

ﬁ Stub Settings [(JRun from command prompt = CRC T

STUB The debugger Ul will be displayed.

Simulator Options
49 Start Automatically
TEsT Test Settings )

The automatic mode can be | -
used when both check boxes are | Automatic
enabled. .

Tests will be performed

in the background.

Mutavtomaticaly |~ rmmmmmmmmeeme—oeooooo
\ i No Ul will be displayed.

mode bmmm o

(0]

e
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This option switches between automatic execution and a mode using the debugger Ul. When this

option is

turned on,

simply

pressing the

enables test execution without having to operate the microcomputer simulator.

Start the test.

8.
9.

Click the Start Simulator button on the upper portion of SSTManager.
The test will be performed automatically and then display the test results window.

Since we turned off trace mode the simulation should completely quickly. Now let& check the
test results and coverage.

10. Double-c | i

c k

Afuncl _data.csvo in t

he fiTest

When output results differ from the expected values they will be displayed as
factual_result?(expected_result)oas shown in the image below. The test result will display INGoif
the actual/expected values differ, iOKoif they are the same, and iNO Checkoif no expected
values were entered.

A B C D E F G H

1 mod funcl funcl unit test 3 2

2 H#COMMENT @enable @mode @input  gh_result.data  gh_result.ret_code

3 0 0 10 0 0 OK 0.00027ms
4 1 0 10 10 1 0K 0.00034ms
5 1 1 14 1007(99) | 0.00038ms
6 1 2 10 1000 1 0K 0.00038ms
7 1 3 10 100p 17(99) | |NG | 0.00043ms
8 1 3 200 10000 1 NO Check 0.00037ms
9 1 4 10 -1 1 NO Check 0.00034ms

Also check the coverage results which should now be 100% for CO coverage.

(Ref) To display the MPU simulator running in the background

As mentioned before, the MPU simulator window is not displayed when using the automatic
execution mode. If the MPU simulator running in the background does not close automatically due
to an error or an infinite loop, the simulator can be accessed by performing the following operations:

1.
2.
3.

Click the fLoicon on the Windows task tray.
Select Display from the pop-up menu.
Select File -> Quit in the LiX window to quit.

11:42

2013/03/08

(Ref) Application Module Structure and Result File Location

This is a review of the unit test execution flow and test results output location. The unit test

execution flow is as follows:

PwdE

Start a unit test by pressing the Start Simulator button from SSTManager.
The MPU simulator (window name: SystemSimulator) starts up.
Unit test simulator (window name: WinAMS) starts up.

MPU simulator starts unit test execution.

- When using automatic mode: (Automatically starts)
- When using manual mode: Select Execution -> Go
The test cases are loaded and the target function is executed.

iStart

Si

Resul

t
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6. The test results are output to a CSV file.
7. The coverage report file (txt/html) is created.

8. Quit the MPU simulator.
- When using automatic mode: (Automatically quits)
- When using manual mode: Select File -> Exit

9. The test results can be viewed from SSTManager.

Test Target Startup E
Object File Command i
/ File ;

- Input CSV File : 'TestCsv’ folder
[ - : B | 3 T

SSTManager

MPU Simulator

Output CSV File : !
'Qut2012-01-22(14'19°41)° Folder
1 F) 3 1 s Te
WinAMS icomanre, '

baw M
T —e— == :
l Coverage Report: '
5 '0ut2012-01-22(14'19'41) 1

After quitting SystemSimulator, test : - |
results (CSV file and coverage report) ! e - ¥TestCoVerLog' folderi
can be viewed using SSTManager i =

1
Unit Test Simulator

txt or html format

The input/output file location is as follows:

Input CSV File: [Test project folder]¥TestCSV

Result CSV File: [Test project folder]¥Out[Creation Date][Creation Time]
Coverage Report: [Test project folder]¥Out[Creation Date][Creation
Time]¥TestCoverlLog

Exercise 1 Conclusion

Wedve now completed our first test with CoverageMaster winAMS. In this exercise we learned the
fundamentals of using CoverageMaster winAMS such as creating CSV files, inputting test data,
running the simulation, and viewing the test results / coverage.
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Exercise 2: Unit Testing a Function with Pointers

For our next practice exercise, we will simulate a function that includes pointers.

Pointers are often used to hold an address for an object that resides outside of the function. Also
pointers are commonly used to hold the address of a data table (array) used throughout the entire
application. However, when unit testing functions it is more efficient to input data directly to the
function rather than using a data table.

For this exercise we will use CoverageMaster winAMS®& Automatic Allocation feature for pointers,
and then input the necessary test data.

func2() Sample Code

For this exercise we will be testing func2() located in the sample file main.c. This function uses
pointers frequently, but before worrying about that first let& identify the input and output variables.

char *gb_port1; //i/o port input case 2:
int *gb_data_out; // result *gb_data_out = *data_in * 100;
break;
I* case 3:
(Exercise 2) Function Sample with Pointer Variable if( *data_in > 100 )
"mode" : Operation mode *gb_data_out = 10000;
"*data_in" : Input data else
return value : "*data_out" *gb_data_out = *data_in*100;
*/ B break;
void func2( int mode, int *data_in ) default:
*gb_data_out = -1,
if(*gb_portl & 0x00000001 ) // When the least sign ) }
{
switch( mode ) else
case 0: gb_data_out = 0;
*gb_data_out = *data_in; }
reak; }
case 1:
*gb_data_out = *data_in * 10;
break;

The following three variables are referenced in the function:

char *gb_portl (global pointer variable),
int mode (function parameter), int *data_in (function parameter)

Two out of the three are pointers that point to individual variables.
For the output the following variable is used to hold the result:
int *gb_data_out (global pointer variable)

Now we can use this information in the CSV file creation.
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Address Values and Test Cases Required for Pointer Variables

As an example, the following settings are required to use the pointer variable fthar *gb_portla

Stepl: Set the address value to the pointer variable gb_port1.
Step2: Set test cases to the memory referred by gb_port1.

The address value may be given before func2() is called when the actual application is executed,
however it must be specified by the user before executing the func2() unit test. There are two
methods to give an address value to a pointer when using CoverageMaster winAMS.

Set address value to the pointer directly

In order to directly set an address value to a pointer, specify the pointer name in the CSV file as
an input variable. In case of fthar *gb_portlg enter fgb_portldin the CSV cell, and enter the
address value in hexadecimal (begin with fOx9 as the test case value.

When using this method, the user must manage the address allocation according to the MPU&
memory map. If the MPU type or memory map changes, the address value may need to be
changed. After setting the pointer address, enter the pointer entity figbh_port1[0]oto the next cell to
enter test cases.

Step1l: Specify pointer
variables directly Step2: Specify entity by subscript

B | (]

, /mod
, | #COMMENT ortl_ gb_porti[0]_
3 (- '0x10000000- J0x1[s

4 ~funci __- ~ 0x04

address value or /
/ test data

symbol name

Use the automatic allocation feature

CoverageMaster winAMS has an automatic pointer allocation feature for executing unit tests. This
can be an easier method because the user does not need to manage the address value assigned
to the pointer manually.

In order to automatically allocate memory to a pointer, add &din front of the pointer name when
entering it in the CSV cell. In case of fithar *gb_port1qg enter filgb_port1oin the CSV cell, and
then enter the number of objects to allocate area for as the value. If the pointer is an array® start
address, the number of array items should be entered for the number of objects. If zero is entered,
the pointer will be NULL. After setting the pointer address, enter the pointer entity fgb_port1[0]0
to the next cell to enter test cases.

Stepl: $ mark Y ar .

(There is a function to automatically

assign the pointer to the simulator)  Step2: Specify the entity with subscripts
\ \,

I A B C
', mod \funcz
|, #COMMENT M gb_port1[0]
| 3 | ’1\‘ (’ Ox1[,
4 R Y ~0x0L’

S~

number of objects / test data
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Create a CSV File with Pointer Auto Allocation

Now let& create the CSV file for Exercise 2 using the same method we learned in Exercise 1.

1. Click the Create CSV button towards the top of SSTManager.
2. Select Unit Test CSV and click OK.
3. Inthe Unit Test CSV Creation dialog enter func2_data for the filename.
4, Select func2 as the function.
_\ Unit Test CSV Settings
@ ey Filename: | func2_data Test Description:
Select CSV File Type X Function: | func2
[ﬁ, [Cusing test driver Measure coverage for function:
O startjEnd Symbol Test CSV [ smation time bt | 1 b: Base Time
(O start/End Address Test CSV = Startup Command Fie: |
(O sequence Test CSV Help Poooooooooooooooosooooooososo e oo
All Variables  Register Maps Defined Symbols e

(O Automated Test CSV

First add char *gb_portl to the INPUT list. Since this is a pointer we must also allocate memory
for it.

5.  Expand g in the variable list, then select gb_port1.

6. Click the INPUT list& Add (I) -> button.

- The Pointer Settings dialog opens.
. Input . ;
All Variables Register Maps Defined Symbols [Foa |
le: E
Variable: I b_porti ‘ Find .
Add
-.M8 gb_input A E
& gb_out 1 i
@ b output Pointer Settings X ] E

Variable Name: | gb_port1 | | oK | Cl ::-- <----
Selection Painter Settings Cancel i
Pointer Variable [ address = '
- . [] allocate Memory P | E
. gb_valC ;
..[@ gb_valD Pointer Object Settings E
% ._] ; DNurnber,FCharacber E
50 [Jrointer with Index pe |
4 [@T Index: O to Edi ;
e |
i--[] Static Local Variables - - - Add E
-] Function Parameter [

Using char *gb_portl as our example each setting functions as follows:

will be added).

($gb_port1 will be added).

Allocate memory: Use this setting when you wish to allocate memory for the pointer

to enter the entire array data into a cell. (*gb_port1 will be added).

pointer (gb_port1[0],&é , will be added).

Address: Use this setting when specifying an address to the pointer variable (gb_portl

Number / Character: Use this setting when the pointer points to an array and you wish

Pointer with index: Use this setting when you want to specify objects pointed to by the

35
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Allocate Memory and add gb_portl as Pointer with Index options.

7. Check both Allocate Memory and Pointer with Index (leave the index at 0 to 0), click
OK.
8. $gb_portl and gb_port1[0] will be added to the INPUT list.

Next add the other input variables in a similar manner.

@mode (function parameter): since it is of type int, it may be added to the INPUT list by
simply selecting it and clicking the INPUT list& Add (I) -> button.

@data_in (function parameter): since it is a pointer, add with Allocate Memory and
Pointer with Index (leave the index at 0 to 0) settings (same as gb_portl above).

All Variables Register Maps Defined Symbols

Variable: |
gb_port1 | Find
- @8 gb_output ~
L. gb_port1
+- |§ gb_result \ Pointer Settings Set X
® gb_unused1
-8 gb_unused2 Variable Name: | gb_port1 ‘ o )
& gb_valA
Pointer Settin:
- gb_valB |n:“|1,ndd a8 Cancel
& gb_valD [+] Allocate Memary
o —] ; Pointer Object Settings
HI':]] T [ Number / Character
el
N Pointer with Index
B _
(] Static Loy Index: E to |0
=~ Func
func2@mode | Add (O e s TR IO
™. func2@data_in Up
] Function Return
o Down
Pointer Settings x
) N !
Variable Name: | func2@data_in J OK r ! H
Delete
Pointer Settings e Sgo_port1 '
[[Jaddress gb_port1[0] Edit |« :
o ons =
Pointer Object Settings y $@data_in »
[Inumber / Character @data_in[0]
[IPointer with Index Down
Index: El to |0

Next wede going to add our output int *gb_data_out to the OUTPUT list. But since this variable is
a pointer we must first allocate memory for it in the INPUT list.

9. Expand g in the variable list, then select gb_data_out.
10. Click the INPUT list& Add (I) -> button.
11. Check Allocate Memory and click OK.
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i 8 gb_unused1
... gb_unused?2
- gb_valA
i gb_valB
i@ gb_valC
L. gb_valD
w0
-1
m-ET
=
[ Static Local Variables

-1 Function Parameter

Input
All Variables i f =
Register Maps Defined Symbols pr—
Variable:

Ma [ gb_data_out | Find gb_port1[0]
r Add (D> T @mode
. ab d ~ ) s@data_in
| Egb_data_out adata. ]
- gb_input

L gb_out .Sgb_data_out
- gb_output \
i"La gb_port1

#-"B gb_result

gb_data_out

Refresh

Delete
Edit =
Add I/O
Up
Down

Clear

Pointer Settings
["] Address

Pointer Object Settings
[ number / Character
[JPointer with Index

Index: 0

Pointer Settings *
S
Variable Name: m

Cancel

Help

12. Expand g in the variable list, then select gb_data_out.
13. Click the OUTPUT list& Add (O) -> button.
14. Check Pointer with Index (leave the index at O to 0) and click OK.

P

Now wede going to add gb_data_out to the OUTPUT list so we can check the results and give it
expected values.

All Variables Register Maps Defined Symbol

Variable:
nabie gb_data_out

-8 gb_input
® gb_out
-..d8 gb_output
‘L. gb_port1
@-"B gb_result
& gb_unusedi
- il gb_unused2
& gb_valA
& gb_valB
& gb_valC
i & gb_valD
-0 i
-1
=T

-5

p

Pointer Settings

x

Variable Name: \ gb_data_out

Pointer Settings
|:| Address

Allocate Memory

Pointer Object Settings
[ Mumber / Character

Pointer with Index

Index: El to E

OK

Cncel

Set

Output

G-

Delete
Edit |~v
Add Ijo

Now that we&e completed the I/O variable settings click OK to create the CSV file.
Next wede going to enter test data.

Run CSV File Test Description Function Type
[T funcl_data.csv funct unit test func1 mod
[ func?_data.csv func2 mod

15. Go to the fiTest Settingso window of SSTManager.
16. Double-clickonthe i f un c 2 _ d aliheaa open EXCEL and set the test data.

- 37 -
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expected value

10

A B C D E F G H

1 'mod func2 6 1

2 (#COMMENT  $gb_portl gb_portl[0] @mode $@data_in @data_in[0] $gb_data_out gb_data_out[0]
3 1 0 0 1 10 1 0
4 1 0 0 1 10 1 0
5 1 1 0 1 10 1 10
6 1 1 1 1 10 1 100
7 1 1 2 1 10 1 1000
8 1 1 3 1 10 1 1000
9 1 1 3 1 200 1 10000

N

Variables with $
Number of entities

Because the pointers used in func2() are pointers to individual objects (as opposed to arrays), a
d6should be entered for the columns that begin with a dollar 6% dsign. These columns indicate the
number of objects to allocate memory for, in func2()& case only 1 is needed.

The data enclosed by the green box is the expected value of fgb_data_out[0]oto be evaluated. All
are correct expectations.

Unit Testing using the Pointer Memory Auto Allocation Feature

Wede now ready to test func2() using CoverageMaster winAMS®& pointer memory auto allocation
feature.

On the Test Settings screen, check the Run box next to fifunc2_data.csvo (uncheck all other
files). The check boxforfi f un c 1 _ d ashoald e OFFO

1. Inthe Pointer Area Allocation Settings section, check the Set Area box.

Specify the address for automatic allocation. Since Coverage Master winAMS is executed using
a microcomputer simulator, the memory area to be allocated also uses the address area of the
actual microcomputer. Specify an unused area (an area to which no code/variables/stacks,
peripherals, etc. are assigned) of the microcontroller to be used as the area for automatic
allocation.

2. Specify unused area addresses Start Address (0x...) to End Address (0x...) in Set
Area.

This will create a pointer variable ent iHowevei,n t he
the tool automatically determines which address within this area will be assigned when the test is
executed.
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CSVList Function List Class Test CSV List

: Open
Function: l Find
Delete
Run  CSVFile Test Description Functior Check
[T funci_data.csv func1 unit test funct Uncheck
I [V func2 data.csv func2
Edit Data...
< >
- Edit1/0...
Test Description: |
Test Results Folder: | C:¥winAMS_CM 1¥UnitTest¥0ut2025-01-31(13'18'03)
[ ¥ ]
Coverage Settings Pointer Area Allocation Settings
[ output Coverage Advanced... []5et Area Show Area
[ Coverage data for each test case Start Address: | w500 l
C1Coverage MC/DC
I:l Function Coverage Call Coverage  Select Target... End Address: | 0xa00|
M e om0

Now let® start the test. The procedure is the same as in Exercise 1.

3. Press the Start Simulator button at the top of SSTManager.

Start Simulator

Once the simulation has been completed, the Test Results screen will be displayed.

Test Results List

SV File Test Description Function Result
func2_data.csv funcz oK

4. Double-click on func2_data.csv to view the test results.

A B o D E F G H I ]
1 'mod func2 6 1 CPP
2 #COMMENT $gb_portl gh_portl[0] @mode $@data_in @data_in[0] $gh_data_out gh_data_out[0]
3 1 0 0 1 10 1 0JOK | 0.0003ms
4 1 0 0 1 10 1 0JOK | 0.0003ms
5 1 1 0 1 10 1 10JOK § 0.00032ms
6 1 1 1 1 10 1 100§JOK § 0.00036ms
7 1 1 2 1 10 1 1000§0OK | 0.00036ms
8 1 1 3 1 10 1 1000§0K | 0.00042ms
9 1 1 3 1 200 1 10000JOK §| 0.00035ms
10 1 1 4 1 10 1 -1JOK | 0.00034ms

Since the correct expected values were entered the results should all appear as OK.

This concludes Exercise 2: unit testing with pointers.
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(Ref) How to Input Array Data into the CSV File

This section explains how to input data for an array into the CSV file. For a character array (string)
the variable name begins with an asterisk 6* 6if declared as a pointer, and an ampersand 0& 6if
declared as an array. Such character arrays (strings) may be entered by selecting the Number /
Character option in the Pointer Settings selection dialog shown in Exercise 2.

Character array (string) data must be enclosed within single-quotation marks ( 6).
Example: @bcdefgd

2 A | B | ¢ | D | B |7
Character  Array Data 1 |mod String Test 2 1
Zhar outstr{64]; 2 #COMMENT &outStr @limit &outStr
' 3 ‘GAIQ TECHNCOLOGY 4°GAIT N Check
void StringTest( int 4 ‘GAID TECHNCOLOGY 6 GAICT N Check
limit ) B ‘GAIO TECHNOLOGY 8'GaAlo TEC NO Check
- & ‘GAIO TECHNCOLOGY 10°GAIC TECHN' MO Check
outStr[limit] = - v
' ¥05 4 4 v W StingTest / [< Sl
}

For number arrays, each value should be separated by a 6| 6mark as shown in the image below.

int ArrayTable[10];

_ _ A B | ¢ b 5] F | D |
y0|d ArrayTest( int | 1 |med ArrayTest ™1 7
'(”dex) | 2 [#COMMENT &ArrayTable @index |[tArrayTable

inti; | 3 | 1123l Bl 2|[ 1111111 , |AmEyTakie

if( index>10) | 4 | 1l2I314[5|6 7 8|10 N >l olol3]4]5]6]718]8
ndex=20  icindex: | 5 | 1jz2[3l4/5la 7|31 1 IR olojolofslal7IBh o
++) (=0 ' 6 1zl31l5l617 8|12 SILLLLLLLT < alojolololo|7]11

AnyTablel] = W4 » whArravTet / < g2l olojojojojojojoft 2
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Exercise 3: Using Stub Functions
In our next exercise wedie going to test a function that includes a call to another function.

What are Stub Functions?

Many functions include calls to other functions to perform various tasks. For example, say we have
a function named func() that calls another function named sub() as represented visually below.

STUB()
/

func() —25—  sub()

func() func()
{ STUB()
switch( sub() ) switch( suts—
{ {
case 1: » case 1:
} }
} }

In the example above, the result of function func() is dependent upon the data return by the called
function sub(). Therefore, if you wish to test func() as is, you will first have to find the appropriate
input conditions for sub() in order to obtain the desired return value to be used in func(). In addition,
because the two functions are dependent upon one another, both functions would need to be re-
tested whenever either one changes. This is too complex and inefficient of a method.

In such cases when called functions exist, a stub function may be configured and used instead of
the actual called function. In the example above, the function STUB() takes places of the function
sub() allowing us to control the return value and focus on testing one function at a time.

CoverageMaster winAMS® Stub Feature

CoverageMaster winAMS includes features for using stub functions, including:

Creating stub functions, and configuring them to interface with the test function.
Replacing the called function with the stub function during testing.

The ability to substitute called functions with stub functions is an important feature in
CoverageMaster winAMS. Using this feature the stub function may be called without having to
modify the source code of the test function or the functions called by it.

Stub functions created with CoverageMaster winAMS will be contained in one source file. Because
the stub function will be executed by the MPU simulator, it is necessary for the stub function to be
compiled and linked.

Now let& begin the exercise and learn how to create and configure stub functions.
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Confirmation of stub target function

In Exercise 3 wedl be testing func3() found in the sample code. The I/O variables are as follows:

Input Variables: enable, mode (function parameters)
Output Variables: gb_result.data, gb_result.ret_code (also a global structure member)

Within this function there is a call to another function, func3_sub_read_io(). The return value of
the called function is temporarily stored in the local variable retval that is then used as a switch
statement condition. In order to get 100% CO coverage for func3(), the return value must be
modified to enter each case of the switch statement.

For this exercise, we will create a stub function for this calling function func3_sub_read_io() and design the
stub function so that the return value can be set in the input CSV file in order to freely change the return
value during testing.

int func3_sub_read_io( int index )

) void func3( int enable , int mode )
/I Return value depends on data é {
if( data_table[index]>0x7f) int retval:

return data_table[index]; .
} if(  enable )
else {
{ /I Create a stub function an é
return - data_table[index]; retval  =func3_sub_read_io( mode );

} <

/I Branching with return value
switch(  retval )

{

case 0:
gb_result.data =0;
break;

case 1:
gb_result.data =50;
break;

case 2:
gb_result.data =100;
break;

default:
gb_result.data = -1;

}
gb_result.ret_code = TRUE;
}

else

{
gb_result.data =0;

gb_result.ret_code = FALSE;

Stub Function Creation and Settings

Now to create a stub function for func3_sub_read _io() using CoverageMaster winAMS®& stub
feature.

1. Click the Stub Settings button in SSTManager.
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Stub Function Prefix: | AMSTB_ . Set [ select file to indude in stub  Settings
b=t Converter [[JDon't output #ifdef WINAMS_STUB Make all access spedifiers within the stub source file public
k! Settings Stub Function File: | C:¥winAMS_CM 1¥UnitTest¥AMSTB_SrcFile.c }
Refresh Limit results to source file: | |
) | Target Settings
Global Stub Function Local Stub Function i
B 1 Create Stub
1 Stub Settings
c Fi
STUB g q Function Name: \ ind Create Stub with 1/0
G . C - I dit Stub bon File
1_':"] Test Settings ..  SourceFile Function Stub Function wit.. UseC.. Dot
TEST B | mainc func3 Enable Stub
- main.c func3_sub_calc Disable Stub
5, rethents e Lroinc—lfunca b resdio | —
T main.c func4
<
—| Frrverans

First let& discuss the settings. The Stub Function Prefix at the very top is the name that will
appear before the stub function. For this exercise we will use the default of AMSTB__ as the prefix
so the stub function name will be AMSTB_func3_sub_read _io().

The Stub Function Source File specifies the filename the stub function will be saved in. If the
path doesnd match the image shown above, click the é button and change the path to
C:¥winAMS_CM1¥UnitTest. The stub function source file AMSTB_SrcFile.c will now be saved
in that directory.

Now let& create the stub function.
2. Selectfunc3_sub_read_io() and click the Create Stub with 1/O button.

A stub function template for the function selected will be created with the specified name and then
opened for editing.

This stub function is automatically generated as a stub declaring variables usable with INPUT /
OUTPUT of CSV file.

[ SrcViewer - [AMSTB_SrcFile) - [m] x

[ File Edit View Window Help - [&]x

= B ?e
fifdef WINAMS_STUB ~

#ifdef o |usp | us

extern

fendif

/% WINAMS_VAR_EXT[unsigned char *data_table] */
extern unsigned char *data_table;

/% WINAMS
/X

y fu b_read_io = ub */
int AMSTB_func3_sub_read_io(Jint index)

UBLmain.c:fun

ub_read_io: AMSTB_func3_sub_read_io: inout::: 1x/

— O <D 00~ DD U £ O N =

13 static int volatile AMIN_return;
14 static int volatile AMOUT_index;
15 AMOUT_index = index;

16 : return AMIN_return;

17

19 [#ifdef _celusplus
}

21 |fendif
22 |endif /% WINAMS_STUB x/

C:¥winAMS_CM1¥UnitTest¥AMSTB_SrcFile.c Line:18

Later we will add the static variable defined in the stub function (AMIN_return) to the INPUT list
SO0 we can enter test data values for it.

Only variables that have their addresses defined prior to the function& execution may be entered
in CoverageMaster winAMS CSYV files. This is why we defined the variable as static, to force the
linker to allocate an address for the variable.
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Compile the Stub Function

Now, incorporate this stub function, build with your compiler (development environment), and
create an executable object file.

~ AVISTB SrcFilec

e

ySampl e Sour

y Source files with built-in stub functions —> @

AMSTB_SrcFile.c has a compile switch
(WINAMS_STUB), so please specify the following

(example) compile options. Compiler

(e.g.) -DWINAMS_STUB @

~ AMSTB SrcFileo

v

Linker

yExecutable object file @

Stub functions are built in.
Debugging information must be included. SAMP1.out

The object file ASAMP1l1. outd has now been created

Create func3() Test Data

Next let® create a CSV file and enter test data for func3() like we did for the previous exercises.
First identify the input and output variables.

Input: int enable, int mode, AMIN_return
Output: gb_result.data, gb_result.ret_code

Click the Create CSV button toward the top of SSTManager.
Select Unit Test CSV and click OK.

Filename: func3_data, Function: func3.

Add the 1/O to the INPUT & OUTPUT lists as shown below.

PR
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All Variables Register Maps Defined Symbols

Variable:

Find

gb_result

® gb_result.data

® gb resultret code
& gb_unused]

]

® gb_unused?2
= gb valA

£

[t
e
£
=11 Static Local Variables

=1 AMSTB_func3_sub_read_io

i® AMSTB_SrcFile.c/AMSTR/func3_sub_read_io@ AMOUT _index
=1 Function Parameter

8] Function Return

v

5.
6.

Aol (1=

Click the OK button to create the CSV file.
Switch to the Test Settings view and open func3_data.csv in EXCEL.

Delete

Edit -
AMSTB_SrcFile.c/AMSTB_func3_sub_read_io@AMIN_return
Add /0
up
Down
Clear
Check for Missing
Output
gb_result.data Delete
gb_result.ret_code "
Edit -
Add /O
up
Down

The 3 variable, AMSTB_SrcFile.c/AMSTB_func3_sub_read io@AMIN_return, is the stub
functions return value we setup. Using this variable, we can choose what values will be returned

by the subfunction.

The function parameter @mode in the original function is used to pass data to the called
function. However, since we replaced the called function with a stub function, this function
parameter will not actually be used and thus is optional for this test example.

d116is entered as the value for test data cells that have no impact on the result of the test. The
actual value does not matter and was chosen arbitrarily.

As you become more familiar with unit testing youdl learn to differentiate between test data that
impacts the result and those that do not. This will lead to the ability to create efficient test routines
that require fewer sets of test data to obtain 100% coverage.

A B © D E F

1 |mod func3 3 2

2 |#COMMENT  @enable @mode AMSTB SrcFile.c/AMSTB_func3_sub_read io@AMIN_return gh_result.data gh_resultret_code
3 0 111 111

4 1 111 0

5 1 111 1

6 1 111 2

7 1 111 3
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Testing using Stub Functions

Now to test func3() using the stub function and test data we created first we must tell
CoverageMaster winAMS to use the stub function to replace the subfunction.

Go to the Stub Settings screen of SSTManager.

Check the Replace box for stub function func3_sub_read _io.

Got to the Test Settings screen of SSTManager.

Select func3_data.csv. (Selection of func2_data.csv must be OFF)

PR

Start the test.

5. Click the Start Simulator button.

e 3 Source Function Stub Function o SSTManager SyStem SImUIator
IV funcd sub read io | AMSTE funcd sub read io

main.c main S ESystem Simulator
= g.c HAMDLER_IRGT Start Simulator])
P menc _Iwed b cobo File Edit View Program
P, e - @aspas-0
< > /V
Go Button T4 IEa - 7
(If not using the Auto = 3
Start/Quit settinas) T

| == SAMP10~1.XLO

Sl Source Files

| 1 AMSTR_SrrFila r

Once the testing has been successfully completed click the Coverage button to go to the
coverage screen.

AMSTB_func3_sub_read_io should appear in the Subfunction List portion of the function list.
The subfunction list displays subfunctions and/or stub functions called by the test function. This is
a convenient way for confirming that the stub function was properly called.

Other Functions co

AMSTB_func3_sub_read_io 100%

Function co
func3 100%

Now switching to the Test Results screen, opening the test results CSV file should reveal the
following results:

A B C D E F G

1 |mod func3 3 2

2 #COMMENT @enable @mode AMSTB_SrcFile.c/AMSTB_func3_sub_read_io@AMIN_return gh_result.data gb_result.ret_code

3 0 111 111 0 0 NO Check
4 1 111 0 0 1 NO Check
5 1 111 1 50 1 NO Check
6 1 111 2 100 1 NO Check
7 1 111 3 -1 1 NO Check

This concludes Exercise 3, using stub functions.
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C1/MCDC Coverage - Test Data Creation Feature

Exercise 4

In the previously 3 exercises we began by identifying the input and output variables, and then
created test data for the unit test ourselves. In this exercise we will discuss a method to
automatically create the test data.

When testing to see that the source code matches with the function& specifications, test data
should be created by looking at the function& specifications rather than the code itself. This method
is referred to as fblack boxdsince you create test data without looking at the code inside fthe boxa
fWhite boxoon the other hand refers to creating test data while looking at the source code.

Thorough unit testing should also include testing for robustness such that errors are not caused by
exceptional conditions. In addition, coverage testing is important to help detect filead coded not
actually necessary for the application. These verification factors are all important in finding latent
bugs and improving software quality.

Black Box (test for White Box(test for bugs in
accurate functionality) the code) Coverage

base(int a, int b, int c) base(int a, int b, int c) Detect dead code
{ { PP '
fla==1) ifa==1) paths, infinite loops,
{ etc.

if (b==1)
{

if(b==1)
{
idx=0;  Jl data[0] idx=0; i data[0]
c==1) if(c==1)
pos=0; /I data0].str[0] pos = 0 " Robustness

data[0].str[0]

Function
Design

K No divisions by 0,
overflows, or
other defects.

CoverageMaster winAMS can be linked with GAIO& CasePlayer2 analysis tool to add the
following functionalities:

A Automatically identify test input / output variables
By analyzing the target function with CasePlayer2, the I/O variables may be
automatically detected. This is a particularly useful feature for projects with a large
number and variety of variables.

A Create test data to satisfy C1 Coverage
Through the use of CasePlayer2 the test data to satisfy the C1 coverage test can be
automatically generated. By using CasePlayer2& analysis data, CoverageMaster
WIinAMS can automatically detect the conditional statements (if, switch, etc.) for the
function, then create test data to execute each condition of the conditional statements
(including nests).

A Create test data to satisfy MCDC Coverage

Similar to C1 coverage above, CasePlayer2 can also be used to create test data to
satisfy MCDC coverage.

This type of testing is best suited for testing for dead code, unnecessary conditionals, and bugs in
the C source file.
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Linking with CasePlayer2

CasePlayer2 is a reverse CASE tool that can make flowcharts, module structure charts, and a
variety of other specification documents by means of a source code analyzer. CasePlayer2 can
also be used to create lists of global variables accessed by the function, look up variable references
and assignments, and more when linked with CoverageMaster winAMS.

The CasePlayer2 to CoverageMaster winAMS linked relationship is outlined below.

input.csy

I

Variable
Analysis
Results

Create Test

= b adh s i Create a variety Data for
- £ of charts C1/MCDC
Flowchart = - u coverage.

(created by

CasePlayer2) CoverageMaster winAMS

= 5 (SSTManager)

In Exercise 4 we@e going to make use of CasePlayer2& capabilities to create C1 test data for the
target function.
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Exercise 4: Auto Generate Test Data with CasePlayer2

In this exercise, wedl discuss how to automatically create test data for a CO/C1 coverage test with
the help of GAIO& CasePlayer2. Wedl be testing func4() (shown below), with our goal being to
obtain 100% CO/C1 coverage.

As you can see in the code below, func4() includes definitions for many global variables. Using
CasePlayer2, first wedl identify only the global variables actually used in the function.

{
int return_value=FALSE;
inti;
iftgb_a>10)

if(gb_b>20&&gbh_c>30)
{

int gb_input;
int gb_output; case 2:
int gb_valA; gb_out =2;
int gb_valB; break;
int gb_valC; case 3:
int gb_valD; gb_out=3;
int gb_a, gb_b, gb_c, gb_d, gb_out; break;
char gb_unused1, gb_unused?; default:
gb out= -1,
int func4( int code ) break;

return_value = FALSE;

}

/ When there are dynamically changing
/I When  the static analysis function of
if(gb_d ==gb_out)

{

gb_out = 0; gb_out = 4;
} }
else else
{ {
gbh_out= -1, gb_out =5;
}
return_value = FALSE;
} return return_value;

else }

switch( code )

case 1:

gb_out=1;
break;

CasePlayer2 Function Analysis

We must first create a CasePlayer2 project in order to analyze the source code.

1. Launch CasePlayer2 by selecting: Windows Start -> GAIO CasePlayer2 ->
CaseViewer.exe
2. Create a project by selecting: File -> New -> Project
Project Name: dCP2Projectq Save Location: cC:¥winAMS_CM1qg Language
Settings -> C Source: ANSI-C
3. Since we wond be using any of the other settings at this time you may leave them at
their default values.
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New Project X

Praject Name: |CF>2PVUJ"3'3t | | oK |

Save Location: | ChwinAMS_ChA1

| Browse... Cancel
Additional Infa: | | Help
Froject Type Language Settings
(@) Create documents only Ciefize

@aNsC | OcHU-c (Oca
Source File Extension:

Header File Extension:

() Copy comments to source files

Sawe original source files

In addition, select the MPU and compiler type used.

4. Select MPU and Compiler in the MPU and Compiler Specific Setting View.
The settings should be the same as the MPU and Compiler settings in the Create
New Project dialog of the Coverage Master winAMS.

Coverage Master winAMS settings

Create New Project X

_ Set up the same
Prn_]e:t‘ UnitTest ‘

Location: ‘ C:¥winAMS_CM1

Import Settings...

| MPU: ~

CasePlayer2 settings

Simulator Engine: (C) Standard (System-G)
@ High Speed (5X)

tMFU and Compiler Specific Setting

I Compiler: &

R Y= v

Endian  Big Endian iV

“| Compiler:

Option:

MPU Detailed Selection: General ~

CasePlayer2 Project File:

oK Cancel Help

These settings are used for setting MPU and compiler specific analysis settings. CasePlayer2
cannot analyze compiler specific descriptions and will result in an analysis error if the proper
analysis settings have not been set. For this purpose, CasePlayer2 has a C source code analysis
customization feature called fiC option parametersa By selecting the MPU and compiler type,
common fC option parametersosettings used by that device will be automatically set.

This setting is not required when testing the tutorial sample code. However, this setting is
recommended when testing user code so the feature is introduced here.

[NOTE] For more information, refer to the fiC Option Parameterosection further down in this chapter.
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Next select the source code to be analyzed. Since all test functions are included in main.c for these
exercises we only need to select that file.

5. Click the right mouse button on CP2Project in the project tree.
6. Select Add Source File to Project i > by Fileé

CaseViewer R9.1
File View Project Tools Help
= o | | | B Bl | | | T @

Add Source File to Project > by File...
Add Source as Header File > by Folder..

Search within Project... ‘

7. Select main.c (C:¥winAMS_CMZ1¥target¥main.c) and click the Open button to add the
source file to the CasePlayer2 project.

CaseViewer R9.1 - [main.c] - O X
C File Edit View Project Tools Window Help -8 %
%ﬁn‘ @|§E% ‘ | é|m ‘ |?@ | Sort by: Hame 84
=-=2 CP2Project Name —-;j* ‘ A
1 Entire project 2 Coverage Master winAMS
121 Source File 3 Tutorial v6.1.0
b 4 Not used in practice
, 5
&5 Documents 6|  Copyright(c) GAIO TECHNOLOGY GO.., LTD
21 MISRA-C Report 7 |/
.1 External File 8
g .r'j.r'j
10 tdefTine TRUE 1
11 #define FALSE 0

CasePlayer2 Setting #1: Analysis Settings

Before performing a static analysis of the target function func4(), let& check the CasePlayer2
settings.

First, confirm the basic settings to use with CoverageMaster winAMS.

1. Inthe CasePlayer2 Settings tab double-click Analysis Settings.
2. Enable the following options in the Advanced Mode settings group.

Enable advanced mode
#define List
Create WinAMS analysis data

These three options must be enabled to use with CoverageMaster winAMS. Other options are
settings for program document creation and can be enabled as needed. In order to create the
global variable reference information for the Module Specification document mentioned later, add
to enable the following options enclosed by the dashed line.

Reference Global Variable List
Assignment Global Variable List

5

5
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Local Variable List
Sub Routine List

5

3. Press OK to close the dialog.

Advanced Mode
CaseViewer R9.1 - [main.c] I Enable acvanced mode I
) . - - Generate only the necessary information with
C File Edit View Project Tools Win .
! DwmAMS

== | 35 % B

Generate List Seftings
Il C Option Parameters ~ I [] #define List I

| ASM Instruction Definition - -
Analysis Settings \ Global Wariable Reference List

<l Preprocessor ‘\ Function Reference List

< KANJI Code Structure Reference List

< Module Structure Diagram M bt Fef i
= Resource Customization e MIETIDE! HEIErENEE LISt

- Table of Contents Customizatior Dutput #defines, types, external variables
-l Print Documents within pre-include files ta lists

- Page Layout —————____.I
 Template Customization I Additional Info in Module Specification

- Cover Page I Feference Glabal Variable List I
_J:I :-’I‘I‘I\:*l:ffz\frrcsllf: 9 I [] Assignment Global Variable List |
< > Laocal Variakle List |
B File & Settings I [v] Sub Routine List

e — — — — — — — —

Advanced analysis for option products
[ ] Generate syntax tree data
[ ]Run Anakysis for MBT Option

I Create WinAMS analysis data I

CasePlayer2 Setting #2: Preprocessor

Next, let& confirm the preprocessor settings to handle header files and #define parameters.

1. Double-click on fPreprocessoroin the CasePlayer2 Settings tab.

Preprocessor Settings X

[ Create documents after preprocessor work []Dan't output preprocessor statements to flowcharts (ex #if #elss)

[C] Output preprocessor results to afile
=l C Option Parameters ~
Il ASM Instruction Definition [ Expand #if Nor-campile Sections as Control Structures

_I| Analysis Settings #define (symbol [=value]) System Include Path [ Deskiop
View @ OneDrive -
_ Preprocessor \ e

E
E:
|l KANJI Code Up E iThisPC
= Module Structure Diagram SiEmeE (- Libraries
=
e
=

=l Resource Customization Eon) Delete ¥ Metwork
-l Table of Contents Customizatior T 8l Control Panel
| Print Documents UserInclude Path
| Page Layout View
-l Template Customization Prednclude File Up o
=l Cover Page Add 9
Down

4 HTML Conversion Delete

v Browrse,

#undsf (symbly

8

Add

A B-BE-B

Il \Weard Canuarcinn

Import Export Save as Default
B Fie & Settings
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In order to analyze source code that includes header files, preprocessor settings configured
in the IDE must be set in CasePlayer2 as well. These includes #define definitions and include
path information.

#define (symbol [=value])
Define macros should be specified here. After entering an item click the Add button or press
CTRL + ENTER in order to go to a new line to add additional items.

#undef (Symbol)
Existing #define macros may be undefined by entering them here.

Pre-Include File

Enter a header file here in order to include it before other source files. A pre-include file that
describes implicit definitions may be entered in order to avoid CasePlayer2 analysis errors when
the cross compiler has implicit key words or definitions.

System Include Path / User Include Path

Enter system include paths or user include paths in these fields. The paths may be selected
using the tree view to the right then clicking the Add button. Since Subfolders are not included,
each folder must be specified individually.

CasePlayer2 Setting #3: C Option Parameters

C-option parameters may need to be set in order to avoid analysis errors caused by
incompatibilities in the code with the ANSI-C standard. CasePlayer2 analyzes C source code
according to the selected language mode (ANSI-C / GNU-C / C99). However, CasePlayer2 does
not recognize (reports as error) cross compiler specific code such as #pragma or language
extensions.

By setting analysis methods to the C option parameter, incompatible descriptions in the code can
be analyzed without source code modification.

Commonly used keywords will be automatically set in the C Option Parameter settings by selecting
the MPU and compiler type when creating the CasePlayer2 project. Additional settings can be
added manually as follows:

1. Double-click on C Option Parameters in the Settings tab.
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(Ref) C Option Parameter Manual Setting
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Example #1: int near pl;
Usi ngl MPhEeAd ITafsosr nelbkee y wot Dl mceakrsgwor ds t o
be analyzed as a type instruction modi fi e

KeywordCl agPEATT, Postfix Notati on: [ ** 1

Example #2: direct int array[100];
Usi ngSTtRhreGEa § 8r di héey wart Ol calugkeftiver d
tbeanal yased storiawgd rawlcasson modi fier.
Keywor d:CldaisrsETRRGEt position[stattamenbl anl

Exampl e_ & (). fi
UsingAStl\hIeassr_t_laekmayww'rtil causekmyhweor d t o
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Execute code analysis and program document creation

Next perform the code analysis / program document creation.

1. Select Project -> Create documents from the CasePlayer2 (CaseViewer) menu.
The following will appear in the message view at the bottom of the CaseViewer

window.
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Now that the analysis and program document creation has been completed, let& view some of the
program documents that were created.

2. Click the File tab (lower-left part of the screen) to return to the CP2Project tree.
3.  From the Documents folder select Flowchart.
4.  From the list of flowcharts that appear to the right, double-click on func4.

C| File Edit View Project Tools Window Help
IzH S @ ER \
= 2% CP2Project I MName Source
+--_] Entire project B8 funcl main.
- .__] Source File B func2 main.
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+-_1 HeaderFile B8 func3_sub_c... main.
-J-_1 Documents Bfund_suh_r.‘. main.
] -8 Flowchart B funcd main.q
x Module Specification B main —
FE Module Structure Diagra
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- Medule List
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[ #define List
%E Include Relation Diagran ,,
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@ Fie & Settings < >

B Flowchart Viewer - [func4&0007.vcht - funcd]
I8 File Edit View Tools Window Help
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| caze 1:

gk_cut = 1: |

The flowchart displayed is for func4(), the target function for this exercise. Flowcharts are
particularly useful for visualizing condition statements (included nests) of the code. Flowcharts are
but one of the numerous types of specification documents creatable using CasePlayer2.

Next let® take a look at a Module Specification.

5. From the Documents folder select Module Specification.
6. From the list of module specifications that appear to the right, double-click on func4.

The Module Specification displayed contains information obtained by CasePlayer2 about func4().
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specific - [Module specification - funcd] E@

u File Edit View Tool Window Help

-y =] &0 <%

Module Specification

Type herm Class

MName |funcd
Marmal extern

‘ Defining Paint |mam.|: Line 164

m

Outling

Feturn

Type Cormment

int

Argument

MNarne Type Comrnent

code int

Feterence Global Variable List

Wariable Definition File Line

gh_h main.c 180 -
Ready NUM Read only

A list of global variables referenced and assigned within func4() is included in the module
specification (as shown below). Now we can use this information for our test conditions in
CoverageMaster winAMS. If the reference information is not be displayed, go back to Analysis
Settings and check the necessary options.

Feferenced Global Yariahles

“ariakle Definition File Line
gb_b rain.c 140
ghb_c rnain.c 180
gb_d main.c 180
gh_out main.c 180
gh_a main.c 180

Assigned Global Variables

Yariakle Definition File Line

ghb_out rain.c 140
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CasePlayer2 linked to Coverage Master winAMS

Now let® return to SSTManager (CoverageMaster winAMS) and make C1 test data for func4().
The analysis data should have already been imported from CasePlayer2. First let& verify the
analysis data file is configured correctly.

1. From the SSTManager menu select: File -> Project Settings.

2.  From the Test Project Settings dialog that is displayed, check that the CasePlayer2
Project File is set to: C:¥winAMS_CM1¥CP2Project¥CP2Project.vproj
(if not, click the € button and select the file located in the above path).

3. Click the OK button.

After confirming that the appropriate file has been selected we are now ready to use the
CasePlayer2 analysis data.

Test Project Settings X

MPU: v
8 sSTManager R9.1 - [UnitTest.amsy]
Simulator Engine: () Standard (System-G)

¥ | File Edit View Build Tools Window Help @ High peed (5)

E | New Project Ctrl+N
Open Project... Ctrl+0 Compiler: | [Jc++ code included
. Close Project
Endian ~
1 UnitTestamsy
2 UnitTestamsy
3 UnitTestamsy Option
4 UnitTest.amsy
Project Setings —
Import / Export > MPU Detailed Selection: 2
Convert to New C++ Project
Brelste (a0 P CaseFlayer2 Project File
Exit | ‘C‘¥v-/mAM5_CM1¥CPZP?’DJECt¥CPZPrDJECt.vprD]

Select Variables from the Analysis Results

* Preparation
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Please carry out below settings before creating Test CSV file.
In order to use the "ATD Editor" in this tutorial the following setting is required.

To use the "ATD editor", in the SST Manager go to [Tools] --> [Test Data Analysis Editor Settings]
and uncheck the "Use the test data analysis editor for unit test CSV file data entry" checkbox in
the "Test Data Analysis editor settings window.

Test Data Analysis Editor Settings x
d Tools Window Help

Options. [ ] Use the test data analysis editor for unit test CSV file data entry

Inp
art Set Variable Min/Max Values...
a

Auto Create Subfunction Analysis Data

Use variable max/min values in data creatior

Test Data Editor Seamless Test Settings... h -
5 5 . Create MC/DC combinations Create minimal test data combinations
Test Data Analysis Editor Settings... . (do not automatically set base values)
5 Use all logical expressions - !
Test Data Generator Settings... Use blocks CSV specific base combination:
Use subfunctions Restrict to combinations for coverage

*% *kkkkkkkhkhhhhhkhkrikx *kkkkkkkhhkk *kkkkk *kkkkkk *% * *% * *% * * *

Now we are ready to create the test CSV file for func4(). The method for creation is the same as
the previous exercises.
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1. From SSTManager click the Create CSV button, select Unit Test CSV.
2. Filename: func4_data, Function: func4, Test Description: (optional)
3. From the variable list select the Detected Variables tab.

The Detected Variables tab is only available when CasePlayer2 analysis data is present. Using

the data collected during the CasePlayer2 analysis this tab contains a list of variables referenced
or assigned by func4().

| A1 Variableis |} Detected Vaniables || F{Jgister Maps | Defined Symbols |

Variable: Find

=[] Input Variables

<- Global variables
referenced by func4().

] <- Global variables

assigned by func4().
bles

=[] Function Parameter
i LA funcd@code
£+ Function Retum

L/ d funci@@

In order to test function func4(), it is necessary to input values into the global variables referenced
by func4(). In order to do so, we will add the variables shown in the Input Variables folder to the
INPUT list. Likewise add the Output Variables and Function Return to the OUTPUT list.

In the previous exercises, since the test functions did not contain very many variables we simply
selected the appropriate ones ourselves. For functions with a large number of variables detection
of variables using CasePlayer2 analysis information can be very useful.

Now let& add the variables to the INPUT & OUTPUT lists. Starting with the INPUT list:

4. From the Function Parameter folder add func4@code to the INPUT list.

5. From the Input Variables folder add the 5 variables: gb_a, gb_b, gb_c, gb_d, gb_out
to the INPUT list.

Input

All Variables Detected Variables Register Maps Defined Symbols @code ——
gb_o Edit |~
Variable: |func4@code| | Find gb_b !
gb_c Add /O
=2 Input Variables gb_d
; = up
Down
Clear
L gb_out
=1 Output Variabl
D_il ot variables Check for Missing
L gb_out
-1 Static Local Variables
5 } Output
=+ Function Parametey,
.l func4@code Delete
B {1 Function Return -
~lde func4@@
Add [D)=> |~ Add /O

Now for the OUTPUT list.

6. From the Output Variables folder add gb_out to the OUTPUT list.
7. From the Function Return folder add func4@@ to the OUTPUT list.
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Variable:

All Variables Detected Variables Register Maps Defined Symbols

func4@@

Find

Input

@code
gb_a
gb_b

=1 Input Variables
® gb a

- gb_b

@ gb_c

L ®gbd

L. gb_out

-1 Qutput Variables

- Function Parameter
“-\d funcd@code
B {3 Function Return

.. @ gb_out
(2 Static Local Variables

Addi=> |=  |gb_c
gb_d

Output

Check for Missing

\ gh_out

e fUNc4@@

Add (Q)> |+

. [ UNCAE@

Delete
Edit |~
Add /O
up

Down

Clear

Wede now finished setting up the INPUT & OUTPUT lists for func4(). Notice that we added gb_out
to both the INPUT and the OUTPUT list. Using a CasePlayer2 search feature let& check how this
variable is being used in the source code.

8. Right-click on gb_out in the INPUT list and select Open Source Code [Variable] from
the right-click menu.

The source file will be opened in the CasePlayer2 editor and go to the first line where gb_out is

used.
N Input
All Variables Detected Variables Register Maps Defined Symbols @code —
gb_a " -
Variable: funcd@@ Find ob_b i
Add (D> |~ gb_c Add /O
-1 Input Variables b d
T Up
*® gb b Open Document Browser [Variable]
® gb_c Open Document Browser [Member]
® gb_d I Open Source Code [Variable] I
® gb_out Open Sol Code [Member]
CaseViewer R9.1 - [main.c] e
C File Edit View Project Tools Window Help - & x
AW EX L EE B R B|7 @ & |60 M st by: [Nene »
1 ~
=-1 Documents ~ Name Source file] 204 )
B# Flowchart = funci main.c 205 if( gb_b > 20 && gb_c > 30 )
-x Module Specification x func2 main.c 206 { .
-F§ Module Structure Diagn « func3 main.c gb_OUt = 1 '
o Structure Specification x func3_sub... main.c %88 |
<[ Module List x func3_sub.. main.c else
[T Structure List . 210
) . = funcd main.c .
-[d Global Variable List funcs ain, 211 gb_out = -1;
-[@ typedef List " o 212
[ #define List » e e ey 13 return_value = FALSE;
-7& Include Relation Diagra =] m
: The cursor 14
Global Variable Referen 15 else
Function Reference List moves to the 16
Structure Reference L_is‘[ appr.opnate 1 7 SW | tCh ( code )
Member Reference List + line. 18
. > 19 case 1: .
8 File A Settings < > ” A - N
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Checking the usage of gb_out variables in order from this position down, there is a process that
save constant values (Figure A below) inside if and switch statements. In the subsequent if

statement i i f (

gb _d

=(Eigue B betow)t it is)referenced for comparison with the other

external variable gb_d. This is why gb_out appears in both input and output variables in the

analysis results of CasePlaye

Efl CaseViewer R9.1 - [main.c] - O X
52
C File Edit View Project Tools Window Help - 8 x
Ae=E| (B3 % % 3 M| B @ | =K BB 5 ? € 4|00 st by: Hans @
=-C1 Documents ~ Name Source file %812 ~
B3 Flowchart u funcl main.c .
u Module Specification u func2 main.c 203 I f ( gb—a > 10 )
--F8 Module Structure Diagr: u func3 main.c 204 { .
~'u Structure Specification x func3_sub.. mainc 205 if( gb_b > 20 && gb_C > 30)
[ Module List u func3_sub.. mainc 206 { -
-[5] Structure List = func4_ maine 207 gbft}ut =1; :
[ Global Variable List s in 208 !
def List . :
5 ;y[?:ﬁ; L:; u func_med.. mainc %?g € l se :— - S
. P 1
& Include Relation Diagra ujmain main. 211 gb_out = -1; ! '
Global Variable Referen 212 . |
--[& Function Reference List 213 return_va lue = FALSE; :
--[&] Structure Reference List 2‘] 4 } 1
. Member Reference Lis)t v 215 else !
216
A File & Settings < >l
4
CaseViewer R9.1 - [main.c] ' ] X
1
C File Edit View Project Tools Window Help : -
35 d| EE L EEL |2 =@ BB L% @ |00t by: Heae ] -
1
(=152 CP2Project Name Source file] 216 [ . : ”
-1 Entire project = funct main.c 217 switch( code ) '
(=1 Source File u func2 main.c 218 . 1
|€] mainc u func3 main.c 219 case |: o :
-1 Header File = func3_sub.. mainc 220 gb_out = 17 vt
- ¢ L . 1 1
-1 Documents  func3 sub.. mainc 221 break; h |
- B8 Flowchart £ . : 222 case 2: P
—— u funcd main.c _ . 1 1
= Module Specification funcs mainc 223 gb,out = 2 ' 1 1
“E Module Structure Diagram " o 224 b reak ) : :
o Structure Specification = func_med... mainc 225 case 3 . [
[ Module List = main main.c 226 gb_OUt = 3: ':'_
-[D] Structure List 227 break: :
Global Variable List 228 default: |
. Lo
typedef List 229 gb_out = -1; |
-.[E #define List 230 b r‘eak .
-8 Include Relation Diagram 231 ]
o Globa_l Variable Refe_rence 232 return_va | ue = FALSE :
- Function Reference List 233 ]
Structure Reference List 234
Member Reference List
£ MISRALC Report 235 // When there
& Extemal File 236 // When the static
2317 if( gh_d == gb_out
238
< > 239 gh_out = 4;
nAN A
3 File & Settings < >l < >

Although the variable gb_out is an external variable, there is no need to add it to the test input
condition because its value is determined by the processing within func4(). This time, gb_out is
excluded from the input condition. (Even for variables determined inside a function, some test
guidelines may require that an initial value always be provided to ensure that there is no execution
path with no value set).

9.

Select gb_out from the INPUT list and click the Delete button.

(gb_out will be removed from the INPUT list only).
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Input

All Variables Detected Variables Register Maps Defined Symbols @code
gb_a )
Variable: gb_out Find gbb Edit |~
Add (I=> v |abc Add YO
=21 Input Variables
& gb b Down
& gb c
= gb_d Clear
; CJob_out
=40 Output Variables ——

& gb_out

Wed@e now finished setting up the input / output variables. Next we@e going to make test data for
the C1 coverage test.

10. Click the Enter Data button lined up on the bottom row.

Upon clicking the Enter Data button the Unassigned I/O dialog will be displayed. This dialog
appears as a confirmation when input/output variables detected have not been added to the INPUT
or OUTPUT list. In this case it is warning us that gb_out has not been added (the item we recently
removed). In order to prevent the dialog from appearing you may check Ignore box next to the
variable.

11. Check Ignore for gb_out in the Unassigned I/O dialog.
12. Click the OK button to create the CSV file.

All Variables Detected Variables Register Maps Defined Symbols ——
gb_a )
Variable: gb_out | Find gb_b 22
Add (IF> (= gbe Add /O
=+ Input Variables gb_d v
- gh_a P
Unassigned I/0 X EUW"
Check.
X E\ear
™ gb_out \&gnore Type Variable
=+ Output Variables = Input Vari... gh_out
L& gb_out
(1 Static Local Variables
=+ Function Parameter
Lk funcd@code E‘-"‘-‘t‘-‘
=+ Function Return Ei |+
|da fuNc4@@ b
gd yo
< > | fue
List Options ] EUWH
] Show subfunction variables " e =) LT H9|p ‘
ear

] Hide unused struct members

[ ] Show "const” data Check for Missing

[ Check for missing before creating file

Initial Values Stub Settings Enter Data Cancel Help

Press the AX0 button @TDEditbreandcanfim thadthe CiS\Afile hasbeer | 0 s e
created.

On the next page, open ATDEditor again and design test data to meet C1 coverage.
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Exit ATDEditor by

pressing the
Bt . | Ui o R e o
o R || [0 ATDEditor - func4 data.cviv — O X
] File Edit View Build Tool§ il -
% T 1ename: U File Edit View Tools Window Help
=| ‘ Functon:
E o Startsimul o s; ] Edit CSV Data
Using te:
~ | BE e cBREEE S B E S
Stul [ simulation|
, P— ] g 5
Startup Comrj
)UMMEN‘ 1 2 3 4 5 3 7
st b I !
Al Variablg| | COKHENT
i T2 Editt Test Data = X
[ -
o Variable: | =] =N Eu s R ) C1 Mode
[ Reset Settil Disconnect = Create test data for
R &8 inpg | eset seings i U cubfunctions
concon | | e[
R || Condition | Line | Status |Expression | Test Data [ ['A
Eif ( gh_a>10) 203 Al
| TR
| FALSE
(|| |5 if(gb_b>2088gb c>30) 205 All
1| -True 5 gb_e=31
v sir FALSE ab c=31 © J
—
< > | A 7
|| | variable Name TestData  JO Base Value  Independ... | St Data Seftings
& @code Input Variable: | ab_b | ype: [imt
® gb_a Input
| ST T R N voue: | |[wvae v -
| - gh Input
List Optioj : QEJ . [an‘ut‘ Comment:
gb_ou utpu
Show &
O I & fnciee Output Set  Value Aftri.. Base.. C. Add
[JHide ui 20 Bou.. T e
I [ con.. I
| Oshow C 19 Bou.. 7 o
Ready 4 [ [T Bou.. [0
. O 24746 Mini. T Clear Data
! T 2147483 Maxi... [
b — — Sot Raca Valia
||Ready

B ssTManager R9.1 - [UnitTest.amsy] — O X
¥ | File Edit View Build Tools Window Help - & x
Iz i=2R7e
o =y C Output commands to
m OMF Convert Start Simulator E Create CSV | CasePlayer2 | D me_:'sage view
[ eagyiname Fat vt At ~
[[Jnclude SubfoldersCJle\t results to source e
o Converter
I Setti
=2 EHILE Refresh
Target Settings CSV List Function List Class Test CSV List
Open
Function: Find
Delete
-‘!S:F_UB Stub Settings Run CSVFile Test Description Function Type 2 Check
T func2_data.csv func2 mod Uncheck
i I func3_data.csv func3 mod e
= it Data...
fesy  Test Settings Il func4_data.csv v
Edit J/O...
Ql Test Results Test Description: \
— — CsVfile created
Test Results Cr¥wilimmo_umis v esir wuteuzo ui-a1 10 1o u3)
Coverage
[ 3 ]
Coverage Settings Pointer Area Allocation Settings
% Output Coverage Advanced...
D;,}:‘,, Other Settings p! g Set Area Show Area
Coverage data for each test case Start Address: [ gx000
D C1 Coverage MC/DC
[ P ol e | End Address: | Oxa00 h
Ready
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Set Data for C1 Coverage

Next, use the automatic generation feature to generate test cases that satisfy C1 coverage in the
created CSV file.

1. Selectfunc4_data.csv in the CSV List in the Test Setting screen.

CSV List | Function List I Class Test CSV L|5t|
Function: Bl Open
Run  CS5V File Test Description Function Type
T funcl_datacsv func1 unit test funci mod
[T func2 datacsv func2 mod ﬂ
T func3_detacsv func3 mod
@ funcd_datacsv funcd mod _‘kx
B

The ATDEditor opens. This is an editor that after designing test data for each variable, generates
a combination of data for each variable and outputs the test data to the CSV test input file. There
are several windows in the ATDEditor, but we will use the "Edit Test Data" window.

* What to do if the ATDEditor does not open and the Test Data Analysis Editor opens instead:

From t he @ T elect"Tesdt DateAnalysis Eglitor Settings€é 6. I n t he ATest Dat
Edi tor Setti ndUsethe testdataharatydis editbr éor unit test CSV file data entry"

check box, then re-create the test CSV. For details on the Test Data Analysis Editor, refer to
f{Application] Creating Test Cases by Test Data Analysis0 | ocat ed | ater in this

Test Data Analysis Editor Settings X

d | Tools  Window Help
se the test data analysis editor for unit test CSV file data entry

. Ny
Options... NN\
art Set Variable Min/Max Values. o Auto Create Subfunction Analysis Data
a Use variable max/min values in data creatior

’— Test Data Editor Seamless Test Settings...

Create MC/DC combinations Create minimal test data combinations

Test Data Analysis Editor Settings...
Test Data Generator Settings...

. (do not automatically set base values)
Use all logical expressions !

Use blocks CSV specific base combination:

Use subfunctions Restrict to combinations for coverage

2. Start the test data editor (ATDEditor) by clicking the Edit Dataé button on the right
side of the screen.

3. From ATDEditor® menu click Window -> Edit Test Data.
(If the Edit Test Data window is not in the list, make sure that Edit Test Data Window is
checked in the View menu).

[a ATDEditor - func4_data.cviv

File Edit View Tools Window Help

7~  ~ Toolbar

% ~ Status Bar

A | Edit Test Data Window | B

~ Edit CSV Data Window
Edit Waveform Window

+~ Header Information Window
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[—{j ATDEditor - func4_data.cviv — O X
File Edit View Tools Window Help
==z
T ot est oo (=
H-00daE =R < C1lMode  ~
Reset Settings Disconnect = Create test data for
< i Dsubfunctmns
Condition | ‘ Line Humn: l:l
Condition Line Status | Expression Test Data A
EFif (gh_a>10) 203 All
-~ TRUE gb_a=11
- FALSE gb_a=10
EFif ( gb_b>208&fgh_c>30 ) 205 All gb_c=30
-~ TRUE gb_b=21; gh_c=31
"~ FALSE gb_b=20; gb_c=31
El switch ( code ) 217 All =
i~ case 1: @code=1
i~ case 2: @code=2
- case 3: @code=3
“ default: @code=4
Eif ( gb_d==gb_out ) 237
. ~TRUE
- FALSE v
~
Variable Name TestD... IO Base V... Indep... Test Data Settings
& acode Input Variable: Type:
® gb a Input
1 - b c Input
- b d Tnput Comment:
= gb_out Out...
& funcie@ Out... Set  Value Aftri... Base.. C. ‘ Add v
Ready

There are 4 modes in the ATDEditor that can be selected from the pull-down menu in the upper-
right portion of the screen.

=8|
[Cl Mode v]

" Manual Mode

Single Line Mode
____ MC/DC Mode

The 4 modes are as follows:

A C1 Mode: for creating C1 (branch) coverage data.
0  Using CasePlayer2 analysis data automatically create test data to fulfill C1
coverage.
0  Automatically create test data for each conditional statement.
U0  For maximum efficiency the minimum number of required test data sets will be

generated.
A MC/DC Mode: for creating MC/DC (modified condition/decision coverage) data.
U  Same as C1 mode but for MC/DC testing.
A Manual Mode: for manually creating data coverage data.

U  Does not require CasePlayer2.

0  Manually set the data for each variable.

0  Data combinationséfbase valuesdare assigned based on a fdecision tablea The
decision table will be explained later in this document.
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A Single Line Mode: for creating 1 line worth of CSV test data.
0  Assigning 1 value to each variable.
U  Can simply create 1 set of test data without having to worry about combinations.

The mode may be changed in order to create test data using different modes if desired, but for this
exercise we will only use the C1 mode.

4. From the pull-down menu in the upper-right change the mode to C1 Mode.

Condition Line Status Expression Test Data
E-if { gb_a=10) 203 All
; gh_a=11
gh_a=10
205 All gb_c=30

gh_b=21; gb_c=31
gh_b=20; gb_c=31

217 All --

@code=1

@code=2
~case 3 @code=3
- default: @code=4

E-if ( gb_d==gb_out ) 237

~TRUE
""" FALSE
Other

In this view the branches of the condition statements for func4() are listed. C1 coverage requires
that each branch of every condition statement be executed. For example, for an if statement both
T/F must be executed, and for a switch statement each case must be executed.

This view includes each condition statement shown independently regardless of its nested status
(hierarchy) for ease of visibility and usage. For example, the 2" condition statement, if(gb_b>20
&&gb_c>30) ,is actually nested in the True case of the first condition statement, if(gb_a >10)

Check the Auto Generated Test Data

The first thing we want to confirm is the auto generated test data. When test data values were
detected for all branches @All6will appear in the condition& Status column. In this exercise All6
should appear in the status column for the top 3 conditions.

The last condition, fif(gb_d == gb_out)o, is blank because since the value of gb_out is determined
during runtime, test values were not auto generated.

Condition Line Status Expression Test Data

E-if ( gb_a>10) F2p= - a - - - T ====== I
~TRUE | gh_a=11 I
----- FALSE gh_a=10

=Hif ( gh_b>20&&gh_c>30 ) I 205 All gh_c=30 I
~TRUE | gh_b=21; gh_c=31 I
----- FALSE gh_b=20 ; gh_c=31

= switch ( code ) I 27 All |
-~ case 1 @code=1
-case 2: Test data auto generated | @code=2 I
- case 3 @code=3 |
----- default: Il R el e e

£-if ( gb_d==gb_out ) F 37 |
~TRUE | |
ARk I Test data not generated
Other I
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Manual Settings

Now wede going to specify the data for the last conditional statement, fiif(gb_d ==gb_out )o. This
conditional statement is comparing the global variables gb_d and gb_out. gb_out is assigned a
value from within the function so we need to input values for gb_d that will fulfill C1 coverage
requirements.

The values for gb_out in the switch statement are as follows: ficase 1. gb_out=10, ficase 2:
gb_out=20, etc. Therefore, if we simply set gb_d to 1, case 1 of the switch statement will result as
true, and case 2 will result as false thereby fulfilling the C1 coverage requirements.

Now let& set gb_d to be constantly 1.

1. Select the fiif( gb_d == gb_out )0 conditional statement. (Figure A below)

2. Select gb_d from the variable list. (Figure B below)

3. Inthe Test Data Settings region click the Add button, then input a 1 into the Value
box. (Figure C below)
-You can now typeinthe i Va | and ® C o mme fields) and a line will be added to the list.

4. Check the Value box for the recently add 1 value. (Figure D below)
5. Check the Set Base Value box for the recently add 1 value. (Figure E below)
Condition |if[gb7d::gb70ut] | Line Num: | 237
Condition Line Status | Expression Test Data
Blif ( gb_a>10) 203 All gb_a=10,11
Eif ( gb_b>208&&gh_c>30 ) 205 All gb_b=20,21 ; gb_c=30,31
- switch ( code ) 217 All - @code=3,2,1,4

Variable Name TestData  I/O Base Value Indepe.. | est Data Seftings
& eaode Input Variable: |Qb_d | Type: |"’1t |
® gb_a Input
® gb b Input Value: ¥~ | Value ~ | | DEC W
- gb c Input
o d T pe— |
= qb_out Output
& funciee Output Set  Value Attri... Base...
o con.. & oelet
elete
I 214748, Mini.. T
I 2147483, Maxi.. E—
I -214748...  Mini..
[T 2147483... = Clear Data E
v -
up

Wede now completed the settings for the conditional statements.
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(Ref) Decision Tables and Base Values

Step 7 above (where we checked the base value box) is a part of the method for creating data
combinations using a decision table. When creating combinations consisting of multiple elements,
a decision table is used as a method for creating only the combinations that are necessary, rather
than every possible combination.

For example, suppose a function contains the variables a, b, ¢ and we assign the following test
values: a=29, 10, 11; b =19, 20, 21; c= 30, 31. Using these values we will input data combinations
into the CSV file for unit testing. But if we enter every combination possible there will be 3 x 3 x 2
or 18 test data patterns (a relatively small number compared to many programs).

If the variables a, b, ¢ are independent of one another, it is not necessary that we input data for
every combination possible. It is however necessary that we enter each possible value for the
variables at least once. But since the variables are independent of one another the values of b and
c are irrelevant when testing variable a (with values 9, 10, 11).

To start with wedl define at least one value as the base value. Using the same example variables
wedve selected the values in brackets ¢]6as the base values.

aa 9 [10] 11 b: 19 [20] 21 c: [30] 31

Using the decision table combinations will be created as follows:
U Forvariable a& data (9, 10, 11) the values for b and c will be the base values.
U For variable b& data (19, 20, 21) the values for a and c will be the base values.
U For variable c®& data (30, 31) the values for a and b will be the base values.

The resulting test data combinations will be as follows:

a: 910 11 10 10 10 10 10
b: 202020 19 20 21 20 20
c : 303030 303030 30 31

Red is the Variable test values
Black is the Variable® Base Values

In Exercise 4 since we only specified one value (1) for the variable gb_d, this value will be used as
the base value.

Create Test Data Combinations

Now wede going to create test data (a CSV file) using the above settings we made.

When making the settings above for the conditional statements we did not pay attention to the
nested (hierarchy) status of the statements, but rather each as an individual condition statement.
But some of the statements are nested, for example the second if statement, if( gb_b>20 &&
gb_c>30) , requires that the proceeding if statement, if( gb_a >10) , to be true for it to be
tested. Thus, we need to create a test combination that satisfies these requirements.

CoverageMaster winAMS uses the nest structure information provided by CasePlayer2 to
automatically create test combinations to fulfill these requirements. For the above four conditional
statements the following number of test data combinations must be created:

2 (paths) x 2 (paths) x 4 (paths) x 1 (path)
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Making a total of 16 paths to make test data combinations for. Using this information
CoverageMaster winAMS will automatically create the minimal number of test data sets required
to satisfy the C1 coverage.

Now let®& output the test data combinations.

1. From the ATDEditor menu select Edit -> Configure and Output Test Data
Combinations.

[} ATDEditor - funcd_data.cviv *
File View Tools Window Help

Configure and Qutput Test Data Combinatiens L}
Output Test Data Combinations

Auto Set Base Values

2. Check Dond create duplicate test data.
3. Check Output test data comments.
4. Click the OK button.

Test Data Combination Cutput Settings IEI
Don't create duplicate test data
[ set expected values as min to max
D Use seamless test settings | Settings. ..

COutput test data comments

Add comment to data rows:

The test data combinations will be generated and output to the CSV file as shown in the Edit CSV
Data window.

EE Edit CSV Data =N E=m [~
WIEIEES B G| ¥ | | Rl
Value: [ V]l ']
COMMENT 1 2 3 1 5 6 7 =
COMMENT
NAME |Comnment | ®code gh_a gh_b gh_c gb_d gh_out | funcis®
1 if ( gh_a»10 )
2 TRUE
3 1 11 |21 [31 [1 | \ |
4 FALSE
5 1 |10 |21 [a1 [1 | ‘
6 if ( gh_b>20&&gh_c>30 )
7 TRUE
8 | | |
3 FALSE L
10 1 11 |20 [31 [1 | ‘
11 Other value
12 1 11 B [EL 1 | |
13 =witch { code )
14 case 1:
r S N TS ECS R S
16 case 2
17 E |10 B [ 1 | |
18 case 3:
19 3 |10 |21 [31 [1 | \
20 default
21 4 |10 |21 [31 [1 | ‘
22 if ( gh_d==gh_cut )
23 Other valus
2 S N S S R R
25 Other Combination -
1 1, L

Row:1-Row:Row:25
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The test data combinations generated include seven test patterns. Also because we chose to
output comments, we can see which condition statement and result the test data corresponds to.

The green lines indicate comment lines. If you look at line #8 youdl notice it is the same data as
line #3. These duplicate test data combinations are commented out because of the settings we
made in the Test Data Combination Output Settings dialog.

C1 Coverage Test using the Generated Test Data
Now let& save the CSV file and run the test.

1. From the Edit CSV Data window click File -> Save.
2. Click File -> Exit to close the ATDEditor.

3. From the Save Prompt click OK to save the editor setting file (func4_data.cviv).

Now wedl return to the Test Settings screen of SSTManager and prepare for testing.

4. From the Test Settings screen of SSTManager check func4_data.csv (other CSV

files should be unchecked).

Under the Coverage Settings section of the Test Settings screen check Output C1
Coverage.

6. Click the Start Simulator button to start the simulation.

5.

S ! tuncZ_data.cav tuncZ mod uncneck
1"‘_1 Test Settings func3_data.cev func3 mod Edit Data...
TEST M  funcd_datacsv funcd mod -

S Edit 1/O...

—
Result Test Resuits Test Description:
Test Results Folder: C:WINAMS_CM 1\UnitTest\Out2014-01-08(01'19'24) E]
Coverage
[ ¥ ]
Coverage Settings Pointer Area Allocation Settings
ok Other Settings [Zloutput Coverage SetArea
ers
Stage data for epch test case Start Address:  gys0000
C1 Coverage MC/oC
— et ram Call Coverage |Select Target... End Address:  0x&ffff
Create Coverage Log
Log Format: @ Text _JHTML Other Settings

Check the Coverage for func4()

From the Coverage view screen, check that both the CO and C1 coverage rates are at 100%. We

were able to obtain 100% coverage in this exercise simply using the seven automatically created
test data sets.

Function Cco C1

func4 100%% 100%:
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funcd (0 Coverage:100%  C1 Coverage:100% EI@

Run Not-run C1-0K  CING

‘Show Disassembled Code H Show in Flowchart Line Coverage v”AI\ Tests v|

184 74 -

185 7 int return valus=FALSE:

186 int 1

187

1a8

189 [T-F |7 if{ gh_a > 10 )

190 {

191 [T~F |3 if{ gb b > 20 && gb c > 30 )

192 1

193 gh_out = 0:

194 ]

195 else

196 1

197 2 gh_out = -1:

198 x

199 3 return_value = FALSE;

200 ¥

201 else

20z

203 (4.4 |4 switch{ code )

204

205 case 1:

206 1 gh_out = 1:

207 1 break;

208 case 2

209 1 gh_out = 2:

210 1 break:

211 case 3

212 1 gb_out = 3;

213 1 break:

214 default :

215 1 gh_out = -1;

216 break;

217 T

218 4 return_value = FAISE:

219 ¥

220

221 4+ cannot auto set data for this if statement

222 |T-F |7 if{ gh_d == gb_out )

223 {

224 1 gb out = 4;

225 ¥ L

226 else 3

227 i

228 3 gb out = §;

229

230

231 7 return return_valus:

23z 7|k =
4 [
CihwinAMS_CM1\targetimain.c Line: 227

The Coverage view should appear as the image above. Green lines indicate full C1 coverage
results for the highlighted branch. In the column next to the line number column (ex. Line #189)
fAr/Fois displayed to indicate that both true and false were executed for the if statement. If only true
was executed it would be displayed as AT/ g ii/Fofor only false, and i/ ofor neither.

188
189 |T/F |7 if( ¢
190

191 |T-F |3

192 1

193

For switch statements the number of cases executed will be displayed as # executed / total #. In
this example, all 4 cases were executed so M/40is displayed.

Conclusion

This concludes the CoverageMaster winAMS tutorial. In this tutorial we learned:

U  Once wede prepared a test data CSV file, the simulation itself is automated.

We can automatically allocate memory for functions which include pointer variables.

U  When testing functions that include function calls, we can replace and control the
subfunctions using stub functions without having to modify the source code.

0  We can automatically create test data combinations to fulfill C1 coverage through the
help of the CasePlayer2 analysis tool.

:

Thank you for choosing CoverageMaster winAMS. We hope that the fundamentals you have
learned while performing these exercises will be useful to your company& product development.
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(Reference) Technical Support Information for Users

Technical support information for users can be found on the GAIO website. This page provides
information for users of CoverageMaster winAMS/General.

How to Access

Access the following URL using the link below.
(To access the link from Acrobat Reader, hold down the CTRL key and click the link.)

https://www.en.gaio.co.jp/eng/support/user/techpaper.html

Frequently asked questions about how to use this software are included in the FAQ. The page also
includes setup instructions, as well as information on simulator macros (scripts) for advanced users.
This technical support information is available for all users.



https://www.en.gaio.co.jp/eng/support/user/techpaper.html
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[Application] Creating Test Cases by Test Data
Analysis
Introduction

In addition to the Auto Create Test Data feature used in Exercise 4, CoverageMaster winMS (v3.7
or newer) also includes a support feature for creating test cases based on function design
specifications for confirming the features of a function.

In this application manual, you will learn about the feature for efficiently creating specifications-
based test data and performing reviews using the Test Data Analysis Editor.

What Is Unit Test Data Analysis?

GAIO has provided unit testing services for many years. These services consist of test design
based on function design documents or source code supplied by the client, taking black box and
white box into account, and evaluation and delivery of the results obtained from test execution.
When performing this work, an I/O Analysis Table is created. This is a table containing I/O variables
for the input/output of the function and test data values to be assigned to these variables. This is
used to check that no test items are omitted and that the assigned values are suitable before
creating the test cases.

Usually when designing test cases for unit testing, the test elements required for unit testing, such
as boundary values, maximum/minimum values and test values for each equivalence class, are
extracted from the specifications according to predetermined design procedures. These are then
combined when generating the test cases in such a manner that all of these items can be tested
with no omissions.

In Unit Test Data Analysis, our unit testing workflow has been turned into a method for
CoverageMaster winAMS users, based on experience that GAIO has accumulated through its unit
testing services. CoverageMaster winAMS is equipped with Test Data Analysis Editor, a support
feature for efficiently designing test cases using this method and confirming the suitability of test
data designed while referring to function specifications.

Test Data Analysis Table for Reviewing and Cross-Checking Test Designs

When designing unit tests with CoverageMaster winAMS's unit test data analysis method, this
method confirms the suitability of test input data using the Input Data Analysis Table before
creating test cases to assign to the function. The test data assigned to each input variable of each
test item based on the requirement specifications is compiled in a table. After confirming that the
input data is sufficient and performing an evaluation, this data is combined with no omissions and
test cases to be assigned to the function are generated.

Test design for output values is performed using the Output Data Analysis Table. The output values
that need to be acquired when executing the function (expected values) are confirmed and listed
in this table. An evaluation is performed to confirm that the expected values for each of the
designed input test cases are covered by the output values extracted from this Output Data
Analysis Table. This confirms whether the test is sufficient.
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Unit Test Data Analysis

Input Data Analysis Output Data Analysis Test Case Table
Analyze input Analyze output Review generated
conditions to meet conditions to meet test cases. Set
specifications specifications expected values.

Evaluate test data design Evaluatetestcases

Efficient Design and Evaluation of Test Cases while Referring to the Code
Structure and Requirement Specifications

Essentially, specifications-based tests confirm whether a function operates according to defined
function specifications. It is therefore necessary to read and understand the document, extract the
necessary test items from the specifications, and create test cases when designing these tests.
However, this work requires an extremely large number of labor hours, including the procedures
up to the design review.

To make this work more efficient, the Test Data Analysis Editor described in this chapter provides
support with a feature that divides the information into test analysis items based on the code
structure information analyzed in CasePlayer2 and uses these for efficient test design.

>

Create test cases
to verify code
structure with
specifications

o - = 3 Generated Test Case Combinations

User —1 — ] - _'| = -
Specifications s = !

func() ' =

{ Code i i | | | | R
} Structure =

Info .
Test Auto-analyze code ]
Function  strycture to use in test Test Data Analysis Editor

data framework

More Efficient Test Data Design Using Test Analysis Items and Automatic
Extraction of Test Data

The unit test data analysis feature first parses the code structure using CasePlayer2's code
analysis feature and then automatically creates a "Test Analysis Item" field corresponding to the
code structure in the Input Data Analysis Table. The user can evaluate the suitability of the source
code structure by confirming whether the generated "Test Analysis Item" field meets the
reguirement specification items. It is also possible to confirm the source code from the test analysis
items and confirm the structure in the CasePlayer2 linked to the table.

After confirming that the code structure corresponds to the specification items, test data is
configured to confirm detailed requirement specifications for each test analysis item. For branch
structure components, CasePlayer2's code analysis feature is used to analyze variables and
boundary conditions related to the branching conditions and automatically extract values such as
boundary values, maximum and minimum values and singular values as factors for the unit test.
The user evaluates whether it is possible to confirm the test analysis items with the automatically
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extracted test data, and amends the data if it is excessive, insufficient or incorrect. This enables
efficient design of test input data.

This in turn enables efficient execution of black box testing, in which the requirement specifications
are confirmed, and white-box testing, in which the code structure is confirmed.

Code Structure

_ Input Variables '

Flowchart

Automatic Generation of Test Cases from the Input Data Analysis Table

After confirming the suitability and coverage of the input test conditions in the Input Data Analysis
Table, the test data is combined to generate test cases for the function.

One point of concern for test designers is when creating test combinations for code branches. For
example, when testing the case marked as [b] in the flow chart below, the following conditions are
required in order to arrive to this branch: variable fenabled= ATRUEOGfor branch [A] and variable
fmodeo= fil" for branch [B]. If designing this test data manually, the nest structure of the conditions
must be considered in order to arrive at the desired branch.

Test Data Analysis Editor includes a feature that manages conditions based on the nest structure
of the source code and the test data entered in the "Test Analysis Item" to automatically generate
test data combinations. In the example below, the user simply enters "input = 100" as an input
condition for testing block [b] and Test Data Analysis Editor automatically combines the branching
conditions for this block (enable = TRUE, mode = 1) and generates them in the test cases.

This means that the user no longer needs to design complicated combinations of conditions,
enabling the user to quickly design test cases for the condition needed.












































































































































































