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1 Introduction 
Code coverage is a measure used in software testing. It describes the degree to which the source code of a 
program has been tested. 

There are a number of coverage criteria, the main ones being:  

·  Statement coverage - Has each line of the source code been executed? 

·  Decision coverage (also known as Branch coverage) - Has each control structure (such as an if 
statement) evaluated both to true and false? 

·  Condition coverage - Has each boolean sub-expression evaluated both to true and false (this does not 
necessarily imply decision coverage)? 

Code coverage helps you find areas of a program not exercised by a set of test cases, create additional test cases 
to increase coverage and identify redundant test cases that do not increase coverage. 

Code coverage is an indirect quantitative measure of quality. 

Code coverage is also helpful to find code that is never executed. This “dead code” represents undesired 
overhead when assigning  memory resources and also a potential hazard. 

Code coverage measurement is a requirement for certification according to standard DO-178B SOFTWARE 
CONSIDERATIONS IN AIRBORNE SYSTEMS AND EQUIPMENT CERTIFICATION. Other standards 
regulating life critical applications point directly or indirectly to code coverage to improve quality, two among 
these are ISO13485:2003 (Medical) and SC45A (Nuclear). If developing a device that will be used in aerospace, 
defense, medical, nuclear, railway signaling, mining, oil, safety, etc chances are that measuring code coverage is 
a must.  

2 Basics 
iSYSTEM tools measures code coverage by recording all addresses being executed. Result are displayed by 
correlating binary low level data to high level code.  

In iSYSTEM nomenclature code coverage is called execution coverage in contrast to data or access coverage. 

iSYSTEM tools can be used to comply to different standards. It has already been used successfully by many 
customers in the aerospace market (DO-178B, in different projects requiring certification to level C, B and A) 
and also medical device manufacturers. 

It is possible to access all code coverage features of iSYSTEM tools using practically any programming 
language: C++, C#, Python, Perl, TCL, Visual Basic, VBScript, etc. For more information refer to the 
iSYSTEM.Connect documentation and the iSYSTEM winIDEA automation interface documentation. 

iSYSTEM tools have two different operation modes for acquiring code coverage information: off-line and real-
time. 

Off-line execution coverage 

When in off-line execution coverage operation mode, the program execution is recorded and then analyzed. This 
analysis of the code allows greater flexibility and more information can be generated. In addition to statement 
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coverage, information about the way branches were followed is also extracted to obtain condition coverage. 
Decision coverage is then also available by correlating this lower level information with the source code.  

Off-line execution coverage is limited to the amount of data that can be recorded by the tool used.  In order to 
extend this limit, higher end tools have more memory and the top of the range tools even have the possibility to 
start uploading data to the host PC and analyzing it on the fly while still sampling, extending the time that an off-
line coverage session can be run greatly. In ideal conditions, when there are no bottlenecks on the system, off-
line coverage can run indefinitely. 

The amount of run-time of a program that can be tested depends on the target CPU speed and the trace buffer 
size. Upload time to the PC depends on the trace buffer size and the iC3000 unit. In case of iTRACE GT or 
Active GT development platform with 1GB or more trace buffer, it is recommended to use ic3000 GT unit which 
offers a high-speed trace upload to the PC. Off-line execution coverage trace buffer size is configurable in the 
‘Hardware/Analyzer Setup’ dialog (1, 10 or 100%). 

Off-line execution coverage analysis produces the following information: 

·  Statement Coverage: each processor instruction is marked as executed or not executed. By correlating 
this information upwards to the high level language source code, executed and not executed lines of 
source code are identified. 

·  Decision Coverage: conditional branch instructions are additionally analyzed to identify if the branch 
was taken or not each time the instruction was executed. By cumulatively merging the information for 
each branch four different states are possible:  

·  the branch was never executed,  

·  it was executed and taken (one or many times),  

·  it was never taken (one or many times),  

·  it was taken at least once and also not taken at least once. 

Off-line execution coverage has its advantages and disadvantages: 

·  It can be implemented on all development systems featuring program trace. It features also decision 
coverage, not available on real-time execution coverage.  

·  The execution time of the off-line execution coverage is limited by the trace buffer size and this can be 
too restrictive if low end tools are used. By using better tools this limit rises and even disappear with 
upload-while-sampling. 

When performing unit testing, off-line execution coverage is the preferred method. The time limitation imposed 
by the hardware is seldom reached and more information is available. 

Real-time Execution Coverage 

Real-time execution coverage is based on a hardware logic on the tool, which in real-time monitors all executed 
program addresses and updates internal records.  

Because no history information is available while operating in this mode, branch coverage is not available. A 
major advantage of the real-time execution coverage is that it can run indefinitely , which does not apply for the 
off-line coverage. 

Real-time execution coverage is available for all in-circuit emulation systems with bus trace (including 
V850ES/Fx3 ActivePRO POD, which has a different trace port type) and on-chip debug emulation systems with 
trace port, where iSYSTEM's proprietary RTR (Real-time reconstruction) technology is implemented (MPC55xx 
except for MPC551x, MPC56x, ARM ETM) 
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3 Display 
Code coverage information is displayed in the execution coverage window, the source window and the 
disassembly window. 

The Source window 

The source window shows the application code. When code   

 

 

Executed source code lines are marked with a red box. Fully executed lines 
are marked with a green box while partially executed functions are marked 
with a red frame. 

Red and green arrows in the source window display decision coverage 
information if it is available. 

Decision coverage works on an object level and therefore the results are 
exact for the CPU instructions, which are displayed in the disassembly 

window. Source lines consist of more instructions and therefore decision coverage information from many 
instructions is merged into a single source window information mark, which can no longer display the details 
available in the disassembly window.  



Ó iSYSTEM, June 2009  4/16 

Disassembly window 

Looking in the disassembly window, the customer can identify a state of all conditional branches: taken, not 
taken, taken in both directions and not executed.  

 

Code coverage window 

Decision column in the execution coverage window provides information on how many “branch” instructions 
are not executed (ne), taken in one direction (t), not taken (nt) or taken in both directions (b) within a source line. 

 

Note that in case of multiple download files, the execution coverage window displays results in respect to the 
symbols separately for every individual download file. 

Execution coverage results and projects settings can be saved in a file (.ccv) and can be open any time later. This 
allows analyzing and sharing execution coverage results without the emulator being hooked up.  
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4 Export Files 
Execution coverage results can be saved in an html format for report and presentation purposes.  

·  HTML: HTML reports present the information available on the code coverage window in cross linked 
tables in a single HTML file. 

·  Text: Text reports contain the information of the code coverage window in a back compatible format 
for the original code coverage present in previous versions of winIDEA. 

·  CSV: The hierarchical tree of the statistics pane of the code coverage window. 

·  XML: A stable format XML format file with the information of the code coverage window statistics 
pane. 

·  Review (HTML): HTML formated code with coverage information. Ideal for manual code reviews. 

·  Review (Text): code with coverage information in a single text file. Also for manual code reviews. 

 

An HTML report 

 

5 Code Coverage Window 
The code coverage window presents execution coverage information, provides access to configuration, run 
control and export functionality.  

There are three different views that make the code coverage window: 

·   The statistics view: Presents in hierarchical tree coverage statistics for the configured modules, 
functions, source code lines, assembler instructions and binary address ranges. 

·   The map view: The contents of processor memory are presented as an array of squares, colored 
according to their execution coverage status: gray not configured, green executed, red not executed. 

·   The Images view: This view lists the binary image files that were used to collect the execution 
coverage information. 

5.1 The code coverage window toolbar 

 The code coverage window toolbar gives access to code coverage actions and commands. It is divided in five 
parts: 
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·   Configuration 

·   Run control 

·   Export 

·   Views 

·   Search and Information 

 

 

In the following subsections the toolbar buttons are described in order from the left to the right. 

5.1.1 Coverage configuration 
Execution coverage can be configured to collect information for all downloaded code, the entire memory or 
particular program areas (ranges). 

Display of Statement and Decision coverage can be individually enabled/disabled. Per default both are enabled. 
Note that decision coverage is available for off-line execution coverage only. 

Execution coverage can be started manually on request or automatically as soon as the program is run. 

Results can be automatically updated every time the program is stopped or on request by stopping the execution 
coverage. 
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5.1.2 Configure rangeset 
Program areas analyzed by execution coverage can be configured through ‘Coverage configuration’ toolbar or 
‘Configure rangeset’ toolbar or as a mixture of both. At the beginning, a symbol or a range is added and 
activated in the ‘Coverage configuration’ tab. This already defined range could be later quickly configured from 
the ‘Configure rangeset’ tab. Every newly covered area can be seen in the Symbols and Ranges tree structure in 
the execution coverage window. 

         

 

 

 

 

 

 

 

Rangeset definition/activation tab       Rangeset configuration tab 

Available rangeset options can be seen on the picture below. 

 

 

 

 

 

 

 

 

 

 
 

·  Add all downloaded code 

This configures execution coverage for all downloaded code. This is the most recommended configuration and 
works fine as long as there are no areas to be tested, which are not part of the download file and as long as the 
download file contains correct information. In case of any doubts, use other configuration choices. 

·  Add Entire memory  

This configures execution coverage on the entire memory level with or without exclusions, which could be 
selected through particular folders, modules (files), functions and items. It yields a complete CPU address space 
for off-line execution coverage while for the real-time execution coverage working address space is limited by 
the hardware and covers first 8MBytes (MPC5500 Nexus RTR) of the CPU address space. 
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·  Add Regions  

Regions can be defined as an individual range item defined via address (as seen bellow on the left) or through 
the symbol table.   

 

 

5.1.3 Begin 
Starts the execution coverage session. All previous data will be lost. Code coverage can be started only if 
winIDEA is connected to the target. 

5.1.4 Continue 
Continues an execution coverage session. Execution coverage can be run and results added in addition to the 
previous session or even to an old session being loaded into the current workspace. 

5.1.5 Stop 
Stops the execution coverage session. 

5.1.6 Export 
Saves results in HTML, TXT, CSV, XML, HTML Review and Text Review formats. 
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5.1.7 The Images View 

Click the images view button to show or hide the Images View. The images view lists the binary files used to 
start the coverage session.  

 

5.1.8 The Stat View 
The statistics view button shows and hides the toolbar covers different settings related to the displaying the 
coverage information. 

 

Symbols - Show or hide from the view a particular type of symbol: folders, modules, functions, lines, assembler 
instructions. 

Columns -  Show or hide columns from the view: lines, sizes, branches. 

Sort - Symbols and ranges can be sorted by different type and ordering. Clicking the column name (e.g. Lines, 
Sizes,…) in the execution coverage window performs sorting too. 

Filter  - When selected, square boxes become displayed next to the results displayed in the tree structure. By 
clicking in the box a tick is displayed or removed for individual coverage result. Filter acts on collected 
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execution coverage results and has nothing to do with the initial coverage configuration, where regions/objects to 
be tested are defined.  

 

Track source - Jumps to the source of the selected symbol. The same functionality is available by double 
clicking on the symbol item. 

Toggle percentages - Toggle the way percentages are calculated, between percentage being an indicator of 
coverage done or remaining. 

HEX mode - Displays numbers in a hexadecimal format instead of a default decimal. 

Relative paths - Displays relative paths next to the symbol names instead of absolute paths. 

Show not exec only - When selected, it displays only not executed parts of the code, all completely covered 
symbols are not shown. 

Recursive folders - When the source code is located in many different nested folders, you can choose to display 
these folders hierarchically on the tree or in a single level. 

Orphan functions - Shows or hides functions that don't belong to any module. The compiler classifies many 
times library functions that don't have detailed symbolic information as orphaned. 

Non coding lines - Displays lines that don't generate any code, this includes comments, preprocessor directives, 
definitions, declarations, etc. This makes the tree and reports easily readable. 

Empty modules - When enabled modules that don't have any sub items are displayed, this includes, depending 
on the compiler, header files, special compiler information, special code sections, etc 

Line policy - here you can select how source code lines are going to be computed, when they translate to many 
instructions, and these instructions where some executed and some not executed. 

·  All (binary): when some instructions of a source code line are not executed all the source code lines is 
considered not executed. 

·  Partial (mixed): the actual status of the source line is displayed, fully executed, partially executed or 
completely not executed. 

·  Any (source): if at least some instruction of the source code line has been executed the whole line is 
considered executed. 

 

 

 



Ó iSYSTEM, June 2009  11/16 

5.1.9 The Map View 

By clicking the images view button you can show and hide the map view. 

 

You can use the menu to zoom in or out, go to a specific address an choose the type of information displayed in 
the view. The same commands can be accessed with the pointing device or via the keyboard. 

 

·  Zoom in: 

·  Keyboard: + (plus sign) 

·  Mouse: Ctrl + Wheel up 

·  Zoom out: 

·  Keyboard: - (minus sign) 

·  Mouse: Ctrl + Wheel down 

·  Scroll up: 

·  Keyboard: key up 

·  Mouse: Wheel up 

·  Scroll down: 

·  Keyboard: key down 

·  Mouse: Wheel down 
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5.1.10 Search 
Search can be used to find a symbol in the results. 

 

The search can be case insensitive or case sensitive. The first partial match inside the statistics tree is displayed, 
selected and highlighted as you type. 

5.1.11 Information 
The user can enter tester name, test ID, time, date, environment information and comments as part of the 
execution coverage session to keep better track of the testing process. 
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6 Hardware Configuration 
Real-time or off-line coverage is selected in the ‘Hardware/Analyzer Setup’ dialog. Availability of one or the 
other operation modes is dependent on the combination of target hardware and tool used. Real-time execution 
coverage is not available for all CPU architectures accessed by on-chip debug trace.  

To choose the off-line operation mode for execution coverage, in winIDEA go to the ‘Hardware’ menu and 
select the ‘Analyzer Setup...’ item. In the ‘Analyzer Setup’ dialog select ‘Off-line’ from the ‘Execution Coverage 
Operation mode’ combo-box. You may have to change the ‘Trace Operation Mode’ to a mode that supports off-
line operation. You can proceed similarly for real-time coverage. See below for specific cases. 

   

·  Freescale MPC5500 

Real-time execution coverage is configured by the trace operation mode set to ‘Nexus RTR’. This setting sets 
default ‘Real time’ execution coverage operation mode.  

Off-line execution coverage is configured by the trace operation mode set to ‘Nexus’, which defaults to off-line 
execution coverage operation mode. 

Note: Nexus RTR trace operation mode is implemented on iTRACE GT development system only and for the 
devices using default Power ISA instruction set only.  Hence, real-time execution coverage is not available for 
MPC551x & MPC56xx microcontrollers, which feature VLE instruction set beside the default Power ISA 
instruction set.  
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·  ARM ETM 

Real-time execution coverage is configured by the trace operation mode set to ‘ETM RTR’. This setting sets 
default ‘Real time’ execution coverage operation mode.  

Off-line execution coverage is configured by the trace operation mode set to ‘ETM’, which defaults to off-line 
execution coverage operation mode. 

 

·  NEC V850ES/Fx3 Active PRO/GT POD 

Real-time execution coverage is configured by the trace operation mode set to ‘RTR Execution’. This setting sets 
default ‘Real time’ execution coverage operation mode.  

Off-line execution coverage is configured by the trace operation mode set to ‘OCT/On-Chip, which defaults to 
off-line execution coverage operation mode. 
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·  TMS470Pxx Standard ActivePRO POD 

Real-time execution coverage is configured by the trace 
operation mode set to ‘ETM RTR’. This setting sets 
default ‘Real time’ execution coverage operation mode.  

Off-line execution coverage is configured by the trace 
operation mode set to ‘ETM’, which defaults to off-line 
execution coverage operation mode. 

 

 

 

 

 

 

 

·  Active PRO/GT PODs (in-circuit emulators with bus trace) 

Trace operation mode is set to ‘Active’. 

Execution coverage type is configured by selecting ‘Real-time’ or 
‘Off-line’ execution coverage operation mode. Off-line operation 
is supported on HCS12 Active and S12X Active PRO/GT PODs 
only. 
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7 Getting Started 
The following is a quick start guide to use the iSYSTEM execution coverage feature. See the next chapters for 
details. To begin: 

1. Configure real-time or off-line execution coverage in “Hardware/Analyzer Setup”. 

2. Open the execution coverage window either from “View/Execution Coverage” or from 
“File/New/Execution Coverage File (.ccv)” 

3. Configure the areas to be measured. By default all downloaded code is covered. Program areas covered 
by execution coverage can be configured through “Coverage configuration” or “Configure rangeset” or 
as a mixture of both.  

4. Once the areas are configured, perform a download (“debug/download”). 

5. Start execution coverage. 

6. Run the application.  

7. Stop the application or execution coverage to view the results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Disclaimer: iSYSTEM assumes no responsibility for any errors which may appear in this document, reserves the 
right to change devices or specifications detailed herein at any time without notice, and does not make any 
commitment to update the information herein. 

��� �  iSYSTEM. All rights reserved. 


