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INTRODUCTION TO SOFTWARE ENGINEERING

National Instruments LabVIEW is a complete programming language, suitable for handling the biggest and most
complex applications that engineers and scientists face today. In particular, programmers creating mission-critical
applications — embedded control applications, industrial monitoring applications, and high-performance test
systems — cannot afford to introduce errors or uncertainty into the system. For these kinds of applications, a very
structured, and in some cases externally certified, programming process must be followed to ensure quality and
repeatability of the code developed.

Software engineering typically refers to a regimented and procedural methodology for developing software. As
software has gotten more complex and team sizes have grown, various software engineering process models have
evolved to encourage efficient development that ensures quality, follows timelines, and meets the expectations of
the end-user.

This guide will examine the development life-cycle and explain some of the tools that can improve and automate
common software engineering practices.



SOFTWARE CONFIGURATION MANAGEMENT

Many developers have experienced the frustration of unmanaged environments, where people overwrite each
other’s changes or are unable to track revisions. Managing a large number of files or multiple developers is a
challenge in any language. In fact, it's often a challenge to manage an application even if it’s just one developer
working on a small to medium application. Large development projects rely upon configuration management tools
to satisfy the following goals:

Define a central repository of code

Manage multiple developers

Detection and resolution of code collisions
Tracking behavioral changes

Identification of changes are who made them
Ensuring everyone has latest copy of code
Backing up old code versions

O NV WNR

Managing all files, not just source code

Perhaps the most important and commonly known SCM tool is source code control (SCC). However, in addition to
many third party SCC tools, we'll see that there are a number of additional tools available in the LabVIEW
development environment that is designed to help with these goals.

Establishing guidelines for storing and managing files requires foresight into how the application will be structured,
how functionality will be divided, and the types of files beyond source code that will be important to keep track of.
Devote time to making decisions about how functionality will be divided among code and to working with
developers on file storage locations and the additional files or resources they will need to function properly.



TRACKING CHANGES TO VIs USING SOURCE CODE CONTROL

GOAL

We want to be able to download, track and manage our source code using a third-party source code control tool.
For this example, we will be using TortoiseSVN as our source code control client.

SCENARIO

We are developing a LabVIEW application with the help of a team of developers. In preparation for a code review,
we want to compare our most recent changes with the previous version.

DESCRIPTION

We are going to download the most recent code and be able to compare changes we make with previous versions
using the graphical differencing feature of LabVIEW. After making undesirable changes and saving them, we will
be able to revert to a previous version.

CONCEPTS COVERED

e The Project Explorer

e Tracking changes with source code control

e  Graphical differencing from outside the development environment
e  Reverting to a previous version

e Ensure that LabVIEW and TortoiseSVN are installed
e [f using LabVIEW 2009, enter ‘skipSVNFolders=true’ into LabVIEW.ini token (does not apply to 2010)
e Make sure TortoiseSVN is calling LVCompare.exe for graphical differencing

o Rightclick in Windows Explorer

o Select TortoiseSVN > Settings

o Select Advanced and enter the following for a .vi file type (this can also be used for a .ctl)

"C:\Program Files\National Instruments\Shared\LabVIEW Compare\LVCompare.exe" %mine %base -nobdcosm -nobdpos

-4 General E, Diff Viewer
b Context Menu
L4 Dialogs1

Configure the program used for camparing different revisions of fies

;4% Dialags 2 @ TortoiseMerge () Excternal
“.¥ Colors
1n Revision Graph
¥ colors e
&) Icon Overlays Click on "Advanced” to specify alternate diff q;
T Teon St programs based on file extension et s
/89 Network
A, External Programs
{.@, Diff Viewer
.Y Merge Tool @ TortoiseMerge () External
L@, Unified Diff Viewer
-95p Saved Data
{1 Log Caching
[ Cached Repositories
7' Hook Scripts Convert files when diffing against BASE
@ lssue Tracker Integration
-\ TortoiseBlame

Configure the program used for comparing different revisions of properties

ok ][ cancel Apply Help




1.

Introduce the TortoiseSVN interface and download the latest version of the LabVIEW project from the
source code control repository.
a. Open the folder where you would like to download the application
b. Right-click in a blank explorer window and select TortoiseSVN > Repo-browser from the right-
click menu

View 3
Sort by 3
Group by 3
Refresh

Customize this folder...

Paste
Paste shortcut

Undo Delete Cirl+Z
Share with r
@] SVN Checkout...
W TortoiseSVN €@, Repo-browser )
New b | B Export.
Properties [T Create repository here

Import...

Al

#¥  Settings
?  Help
W

About

c. Type the location of the Subversion repository in the dialog that appears. Note, for a local
location, use the following syntax: ‘file:///C:/SVN Database/’

3* URL [ = |

URL: file: /ffC: /SVN Repository -

d. The dialog that appears will allow you to navigate and view the contents of the Subversion
repository. By default, the browser will show you the most recent revision (also referred to as
‘head’ revision).

437 filey///C:/SUN Database - Repository Browser o (0. S|
URL:  fle:/j/C:/SVN Database Software Valiation Demo - Revision: | HEAD.
4 ). fles/jjc:/sVN Datebase Fie X Extension Revision  Author Sze Date Lod
4°J. Software Vadation Demo
Code Reviews Unit Tests 3 ekerry 1/31/2011 7:57:01 AM
Custom Controls Sample Data 3 ekerry 1/31/2011 2:57:01AM
Documentation Resuits 1 ekerry 1/30/2011 11:26:50 PM
Main Demo. Requirements Documents 3 ekerry 1/31/20117:57:01 AM
Requirements Documents Main Demo. 3 ekerry 1/31/2011 7:57:01 AM
Resuits Documentation 1 ekerry 1/30/2011 11:26:40 PM
Sample Data Custom Controls 3 ekerry 1/31/2011 7:57:01 AM
Unit Tests Code Reviews 3 ekerry 1/31/2011 2:57:01AM
& software Valation Demo.lvproj ivproj 3 ekemy  I88KB  1/31/20117:5701AM
|_|Software Validation Demo.Ivips dvips 3 ekerry 83bytes 1/31/20117:57:01AM
__|Software Validation Demo.alisses aliases 2 ekerry d6bytes  1/31/20117:54:35 AM
[ Main.vi i 3 ekemy  115KB  1/31/20117:57:014M
S HML report.html +hitml 3 ekerry  422KB  1/31/2011 7:57:01AM
‘ i '
Hint: Press F5 to refresh the selected subtree and Ctrl-F5 to load al children too

e. Right-click on the ‘Software Validation Demo’ folder and select Checkout to download a copy of
the head revision



File: Extension  Revision Author Size Date

... 3oftware jialidation Diema A ekmrry e 131201
&= Show log

A, Revision graph

Documents e
[ @) Checkout...
&—Befresh

n Demo

+  Create folder...
Al Addfile..
Al Add folder...

& Rename
X Delete...

Copy to working copy...

Copy to...

f. Clicking OK in the checkout dialog will download the most recent version of the code to the
folder you right-clicked in
2. View the history of revisions
a. Rightclick on the root folder and select TortoiseSVN > Show Log

Name Date modified Type Size
% Basic Calculator 1A2MINEAS DR File folder

Open

Open in new window

Add to VLC media player's Playlist

Play with VLC media player

Share with 2
&  Snagit e
& SVN Update Lz Showlog
A SVN Commit... ‘
W TortoiseSVN > i -

Bz Check for modifications

Kl Scan forthreats... B, Revision graph
B Addtoarchive.

b. The window that appears shows a history of revisions and details including developer, time, date
and notes that were entered. We can download any and all of these older versions and compare
them with our current working copy.



4" Log Messages - fileu///C:/SUN Database/Software Validation Demo SRECEC X

Fom: 130011 v To: 1y v 2 Messages, authors and paths
Revision  Actions Author  Date Message
4 J ekemy  7:57:45AM, Monday, January 31, 2011  Removed unused code
3 OR ekerry  7:57:01 AM, Monday, January 31, 2011 _Improved docmentation and deaned up diagrams
2 @ ekerry 7:54:35 AM, Monday, January 31, 2011 Medified search path for recorded patient data
I ekery  11:26:40PM, Sunday, January 30, 2011 Added the files for the source code contral demenstration
podsiziea saaza n path for recex asd pacient data
Action Path Copy frompath  Revision
Modified  [Software Validation DemofCustom Controls/Heart Rate Parameters. cti =
Modified  /Software Validation Demo/Custom Controls/State Contral.ctl
Modfied /Software Validation DemofMain Demo/Calculate Blood Pressure vi
Modified /Software Validation Dema/Main Demo/Compare resuilts. vi 2

Showing 4revision(s), from revision 1 to revision 4 - 1 revision(s) selected.

Hide unrelated changed paths Statistics

[7stop on copyjrename

[C]incude merged revisions
[ Show Al <) [ rextio | [ Refresh

3. Introduce the Application
a. Open Software Validation Demo.lvproj
b. Note that the project contains subVis, test configuration, build specifications and various other
files. Open Main.vi.

3 Project Explorer - Software Validation D [ B e
File Edit View Project Operste Tools Window Help
FEEIEE R

Items | Files

= [ Project: Software Validation Demo.lvproj
& B My Computer
) Requirements Documents
£+ Main Demo
L[l Calculate Blood Pressurevi
i-lwl Compare results.vi
L[l Find Blocd Pressure_ms.vi
i-lml Initialize BPMeaurement.vi
i [ml Peak-Valley-Noisewi
il Process Heartbest Waveform.vi
[ Remove outliars before calculations.vi
=l Reset Display.vi
[l Update cursors.vi
Unit Tests
Sample Data
Custom Controls
Results

Code Reviews

UEBBBEE

Documentation

[
L0

=, Mainvi

- %7 Dependencies
-, Build Specifications

c. This application simulates a device that computes blood pressure based upon input from a
pressure transducer. Instead of connecting hardware, this version will compute the ratio of
diastolic to systolic pressure based upon recorded patient data. In order to compute this value,
the application uses a very simple state machine that includes some basic acquisition (in this
case, from a file), simple filtering and signal processing. Click run.

d. When prompted, select a recorded dataset. (‘BP DATA exp 3 123x76 62 BPM.tdms’ is
recommended, as the front panel defaults are calibrated for this patient).



lame Date modified

5N 1/31/2011 7:57 A
1| BP DATA exp 2116x77 63BPM.tdms 8/28/2010 3:06 &
% 1/31/2011 7:52 A

i) -BP DATA exp 3 123x76 62 BPM.tdms I 8/28/2010 3:06 &
¥i|BP DATA exp 412275 61 BPM.tdms 8/28,/2010 3:06 A
¥.|BP DATA exp 5132:90 68 BPM.tdms 8/28,/2010 3:06 A
Y1 BP DATA exp 6104x55 68 BPM.tdms 8/28/2010 3:06 &

e. Click ‘Take Blood Pressure’ to begin playback of the recorded acquisition.

f.  When ready to move on to the next step, de-select ‘Timming’ Note: this control is intentionally
mis-spelled, as we will detect this in a later analysis step.

g. Thefinal screen should display the results of the analysis, as shown below:

43 Mainwi Front Panel on Software Validation Demo.lvproj/My Computer - - - - = | E |
File Edit View Project Operate Tools Window Help
C\I@|15ptApphcation Font v”!mvnﬁv"&'l o =} W 4

Mean HR 62.19

i Systolic 124.46

Amplitude
o
o
1
w

m

Diastolic 75.74

=
' 1 ' i
60 70 80 90 100 110 120 130
Pressure

Complete

-BP DATA exp 3 123x76 62 BPM.tdms

Software Validation Demo.lvpraj/My Computer] « [ »

4. Make changes and compare them with the previous version.
a. Switch to the block diagram of the application.
a. Make several changes that could introduce bugs, unexpected behavior or even break execution.
Suggested modifications:
1. Change timing parameters (especially hard to find, but can cause significant problems)
2. Add cases to case structures
3. Change block diagram constants
4. Delete and/or move code
b. Save the modifications by selecting File > Save, thereby overwriting the VI on disk.
c. Examine the files on disk and note that Main.vi, which has been modified, has a red exclamation
mark over the icon of the file. This is how Subversion indicates that a file has modifications that
have not been added to the repository.



d.

e.

e

_USTOM _ONTroms
Documentation

Main Demo

Results
Sample Data
Unit Tests

HT kA rgr1nr+ htial

Reguirernents Documents

ﬂ. Main.vi

ation Lemo.aliases

% | Software Validation Demo.lvlps

|H. Software Validation Demo.lvproj

We can compare the changes we’ve made with the latest version in source code control by right
clicking on the modified file and select TortoiseSVN > Diff with previous version

. Results

1/31/2011 7:52 AM  File folder
% Sample Data 173172011 7:56 AM File folder
% Unit Tests 1/31/2011 7:56 AM  File folder
% HTML report.html 1/13/201111:33 AM Chrome HTML Do...
|hl Main i 1/31/2011 10:00 AM  LabVWIEW Instrume...
&l sd  Open 1/31/2011 7:56 AM  ALIASES File
& Sa Open with... 1/13/2011 5:34 PM  LVLPS File
B 5o ¢ svN Update 1/13/2011 534 PM  LabVIEW Project
@A SVN Commit...
W TortoiseSVN 2 Diff
B Scan for threats... Diff with previous version

Send to

Cut
Copy

Delete

Rename

This will launch LVCompare.exe, showing a side-by-side comparison

and the block diagram.

Restore previous versions

Create shortcut

sxsn pRrpeple

Show log
Repo-browser
Check for modifications

Revision graph

Update to revision...
Rename...

Delete

Revert...

of objects on the front panel



T3 Mainvi-revBASE 000 tmgvi Mzwmmi Mainyi Bh:tl)i.g—ami o Eofirare Validation nemh.pm;umcﬂ.m;;:"'
Ede Edit Yiew Project Qperate Tools MWindow Help || B Edit Wiew Progect Operate Jeols Window Help @
[ [@] & n][ ] =] lualm] s [ 150t Application Font |~ |[2a-] ] | @ @[n][§fs] balm or |15t Applcation Font |~ |[fam ][54 [

Main Application Loop Main Application Loop

[ rnahze Ingut Data™ [ rnahze Ingut Data

+ Elock Diagram objects Il Cace Structure: number of cases [ Update

# Block Diagram chjects - = Y
Block Diageam chjects b [ TieLeftand ighe |
Edock Diageam chjects Tibe Up anel Devwn
Front Penel - Nuseic

Front Panel - Waveform Graph

. B ST
L PEETE, PR TR PRS- T

SaMMmc][ Clear ] Show Detasd ] [¥] Circle differences

f. Double clicking on the items in the list will place a check mark next to them, indicating that you
have examined and reviewed every change.

g. Click the ‘X’ in the ‘Differences’ window to close the dialog

2. Revert the VI to the previous version.

a. We can undo the changes to the VI by recalling the last version from source code control. There
are two ways to do this:
1. Revert from inside the LabVIEW development environment Note: requires TortoiseSVN

Plugin from JKI Software jkisoft.com
a. Select Tools > TortoiseSVN > Revert

lodule 4
MNavigate to Requirements Gateway...
OpenG Builder...
OpenG MSI Installer Builder...

Update...
OpenG Package Builder... Commit...
OpenG Tools 4
QuickEdit

SIT Connection Manager...
SignalExpress
Rename...
VI Package Manager... Delete...
VI Tester 3
Vision Assistant... e
Unleck...
Advanced 3 Show Leg...

5A Medule Options...

b. Click OK
c. The unmodified, working version of Main.vi will replace the modified one.
2. Revert from Windows Explorer using the TortoiseSVN interface

10
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a. InWindows Explorer, right-click on Main.vi and select TortoiseSVN > Revert...

wpen
Open with...
Share with 3
SVN Update
SVMN Commit... P
TartaiseSVN v
=Y
Scan for threats... H=
Add to archive... ‘9@
Add to "Calculator.rar” e
Compress and email...
7

Compress to "Calculator.rar” and email

Restore previous versions

Send to

b. Click OK

Diff

Diff with previous version
Show leg

Repo-browser

Check for modifications

Revision graph

Update to revision...

Rename...

¢. The unmodified, working version of Main.vi will replace the modified one.
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TRACKING REQUIREMENTS COVERAGE

Most engineering projects start with high-level specifications, followed by the definition of more detailed
specifications as the project progresses. Specifications contain technical and procedural requirements that guide
the product through each engineering phase. In addition, working documents, such as hardware schematics,
simulation models, software source code, and test specifications and procedures must adhere to and cover the
requirements defined by specifications.

Requirements gathering is important in order to ensure that you and your customer have come to the same
agreement about what the application will do. The granularity of the documents directly depends upon the needs
of your application and the criticality of it. For mission-critical systems, it’s typical to go as far as to define the
requirements for individual modules of code, code units, and even the tests for those units. Part of this process
requires having reached an agreement of what is expected behavior and how the system should perform under
any and all conditions.

Nebulous or vague specifications for a project can lead to a result that does not meet customer expectations.
Consider an example where you are asked to build an automobile, but given no additional information. It's
unlikely that the finished product would resemble what the customer had in mind. They may have expected a
two-door car with a sunroof, but you built a convertible. Even in scenarios where they aren’t required, insisting on
extensive documentation of requirements, complemented by reviews of proof of concepts and prototypes, greatly
increases a project’s likelihood of success.

Prototyping and proof of concepts are a very important step towards developing requirements. It can be very hard
to account for all contingencies and foresee all the ways in which the software will behave. Proof of concepts are
also extremely valuable because they give the end-user or customer a feel for what the product will do, which
helps developers and users come to a consensus. It is largely this principle upon which the Agile development
method was derived, which emphasizes repeated and frequent iterations between development.

One of the biggest challenges of development, in any language, is tracing the implementation to the requirement
or specification it was supposed to fulfill. From a project management standpoint this is important in order to gain
inside into how far into the project you are. When requirements change, it is also valuable to have record of what
other specifications or the implementation covering them may also be affected.

The software industry has a wide variety of tools at their disposal for managing specifications and require ments.
Common tools include Telelogic DOORS and Requisite Pro. National Instruments provides a tool to automate
integration with these products, called NI Requirements Gateway. NI Requirements Gateway facilitates the
tracking of requirements coverage for these three types of documents.

12



EXERCISE: TRACING CODE TO REQUIREMENTS DOCUMENTS

GOAL

Developers who have been given or defined requirements should be able to document when and where the
requirements are covered in their application to show that they have done what they were supposed to do. Our
goal is to track and understand the percentage of the requirements that have been met and where. We also need
to be able to create traceability matrices and other forms of documentation.

SCENARIO

We’ve been given requirements for a simple application — we need to document that we’ve implemented it.

DESCRIPTION

We are going to use NI Requirements Gateway to parse requirements documents written in Microsoft Word and
generate reports. Keep in mind that requirements could also be stored in DOORS, Requisite Pro, Excel, PDF, any
many other standard formats.

CONCEPTS COVERED

e Documenting code and requirements coverage
e Tracking requirements coverage percentage
e  Generate traceability matrices and documentation

13



1. Document a new function in an application as having covered a requirement
a. Open the requirements document, ‘Blood Pressure Requirements — System Level’ in Microsoft
Word. It should be stored on disk within the hierarchy, under the folder ‘Requirements.’
b. Familiarize yourself with this simple requirements document. Note that these requirements are
extremely high-level (and therefore difficult, if not impossible to test against or to ‘cover’ with an

implementation. As a result, it will be necessary to use these high-level requirements to derive
lower-level, more specific requirements.

maonitor.

Intense Emphasis
Strong

Quote
Intense Quote

GENERAL SYSTEM REQUIREMENTS P dete

Intense Reference -
SYSTEMREQI1: MEAA‘URES BLOOD PRESSURE ] Show Preview
The device me systolic and diastolic blood pressures using the oscillometr

[ disable Linked Styles
method,

Options...

r N
J/b_'l\\ H92-0)F Blood Pressure Requirements - System Level.doc [Compatibility Mode] - Microsoft Word E@g
\/ Home Insert Page Layout References Mailings Review View @
= - -t = . 1= - s =|([4 % 4 Find -
B , | v A X B == E[201T]  papoceoc | AaBscc | aosbeco assoceoc AABBC . 2. Replace
= Sae
Paste o+ [B 7 U -abex x Aa-|W-A-||E ||gv | | TNormal | Requirem... | Requirem.. 7WoSpaci. Headingl — E{;;‘ff [§ Select~
Clipboard T Font T Paragraph i Styles T Editing
Styles v X &
Clear All o
Normg] bl
reweneie a3
S — ]
HOME NON-INVASIVE BLOOD PRESSURE (NIBP) MONITOR REqUIEEtTeR T
2 a
SYSTEM LEVEL REQUIREMENT :
Heading 1 a
Heading 2 I3 =
Heading 3 1a
Title fa
INTRODUCTION Sublitie m
. . . . 5 Subtle Emphasis a
This document contains the system level requirements associated wigh the blood pressure Emphasis a
a
a
13
12
a
a

Priority: High
[Covers: UserReq6:Accurate]

SYSTEMREQZ2: MEASURES HEARTRATE

The device should be able ta measure the heart rate of a person, in a range of 30 to 180
beats per minute

Priority: Medium

Page:1of3 | Words: 409 | < | : : EEEE

8

J

c. Select one with your cursor and click on ‘Styles’ in the ribbon to observe that this text has been
selected as a Requirements_ID. This will be used to automate the parsing of this document in
later steps.

d. Return to the folder containing the requirements document and open ‘Detailed Software
Design.docx.” This contains very specific requirements for the implementation and design of the
software, which will actually be covered by the implementation in code. Note that it’s divided
into two main sections: State Implementations and GUI Components

e. Scroll down to the last section, on GUI Component Requirements. In this scenario, we were given
the requirements and asked to implement a Ul component for the BPM Indicator. The
requirement as stated is, “Description: The Ul shall include a light that flashes to coincide with
pulses”

14



i.
j.

Open ‘Software Validation Demo.lvproj’ and open the Front Panel of ‘Main.vi.’ This version of
the code has the required function successfully implemented for the BPM Indicator, we just need
to document it.

To document that this functionality has been implemented, right-click on the border of the
indicator and select ‘Description and Tip.” This is where we will place the appropriate tag such
that we can automatically parse and trace the relationship between this component and the
actual implementation.

In the description field, type “[Covers: UIReq3].” Note that you should also include any other
relevant information in this field.

{8 Description and Tip &J

"Pulse [Pulse]” Description

[Covers: UIREQ3] -
UIREQ3: BPM LED INDICATOR

Description: The Ul shall include a light that flashes to
coincide with pulses

"Pulse [Pulse]" Tip

Beats Per Minute

I 0K I [ Cancel ] I Help ]

L8 4

Close the Description and Tip dialog by clicking OK
Save the VI by pressing [CTRL + S]

2. Create a projectin NI Requirements Gateway

a.
b.

From the Windows Start Menu, launch Requirements Gateway 1.1.

Select ‘File > New’ and save a new Requirements Gateway project in the same folder as the
requirements document named ‘Calculator Requirements Tracking.” Do not save the project on
the deskop, as this is not supported due to windows UAC.

NOTE: A completed version of this project has been included. If time is running out, open the pre-built
copy of ‘NIBP Monitor.rqtf to see a working Requirements Gateway solution.

C.

The Configuration Dialog will appear, follow the steps below to import the Requirements
Document as shown in the image below

1. Click on ‘Add a Document’

2. Place the container for the document in the main window

3.Select the type of document from the drop-down list as ‘Word’ (note, not WordX). Use

this as an opportunity to browse the numerous other types that are supported.
4.Select the location of the requirements document on disk
5. Type a name for this document

15



% Configuration =RICEC X
File Edit Help

GE Project edtor
=HC)Calcuistor Requirements Trac

Project Calculator Reg  Word

(<

Types

i

Snapshots

Filters

Repots

s 5 N 4 |

Exp;ass\nns " -
R || I:m k| &%

Options

L

Details |Modification Du:uments}

Name | —Typeof Analysis | Areor Dreston, [lanor.. [inter.. [Boc.. | Variable Value | -

@ka\cmm Req (\E_I]wm ) (Ca\cu\alnr Requmm% With images

m

b. To add the remaining documents position the folder containing the word documents so that you
can see them and the NI RG Configuration dialog. Select and drag all of them into the display and
arrange as shown below (Note, the Unit Test Requirements will not be used until a later

exercise).
8] gystem Level 8 Hardware
W] Detailed Software Desig
“ n 3

d. Repeat this process to add the LabVIEW Project to the Requirements Gateway Project:
1. Click on ‘Add New Document’
2.Place the container for the LabVIEW Project in the main window
3.Select the type of document from the drop-down list as LabVIEW
4. Locate the LabVIEW Project File on disk (Basic Calculator.lvproj)
5. Create a custom name for this item

Note: If you decide to open the pre-build NI RG solution, be sure that the directory path for the LabVIEW Project is
correct.
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B Configuration E@Eﬁ

File Edit Help

- Project editor
E EHCIDELETE THIS =
Project #)Detailed Software Design  Word

oftware Validation Demo  LabVIEW

Y - |

] Detailed Software Desig

8] Software Unit Tests]

<« (T

Detals |Modification Documents |

lig

\Software Walidation Demo’\Software

ok ][ caca J[ sy |

e. Define the relationship between these two documents. The code covers the requirements
documents, so we need to draw an appropriate link between them. Follow the directions below:
1. Click on ‘Add a Cover’
2. Click on the LabVIEW document to begin drawing the arrow
3. Click on the Requirements document to indicate that it is covered by LabVIEW

Detailed Software Desigr|

3
2
[ Software Validation Demc}(
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f.  Repeat this process until the following relationships have been built:

« = ™
% Configuration EI&M
File Edit Help
E — Project editor
=HOIDELETE THIS -
Project Detailed Software Design  Word
m Hardware Word
Soﬂware Unit Tests  Word
Types System Level Word
ﬁr—._' B User  Word
= [ Software Validation Demo  LabVIEW
Snapshots
L4
Fitters
A
Reports
Re(+
| b=
Expressions
% 18 Software Validation Demd (@] Software Unit Tests
Cptions
< | ] 3
a 0 v @@~ x|
Details |fx'10t|ificat\cn Documents | —m
Name I Type of Analysis I File or Directory |Ignor... Ilrﬂer... |Bloc. . I Variable | Value I Access *~
EQI Detailed Software Design @Ward C:\Software Validation Demo‘\Requiren | [ [ Wihimages [
EQI Hardware @Word C:\Software Validation Demo“Requiren [ - [ Wihimages I
tﬁl oftware Unit Tests I@W&:rﬂl C:\Software Validation Demo'\Requiren [ I [ With images I
L\Q ystem Level @Word C:\Software Validation Demo'\Requiren [ I [ With images I £
(m Lser @Wnrd C\Software Validation Demo\Requiren [ I [ With images I
EQI oftware Validation Demo I3 LabVIEW C:\Software Validation Demo'\Software | [ | Analyze Diagrams [

4 n 3

ok ][ Comesl | ook |

g. Click ‘OK’ to exit the configuration dialog. Press [CTRL + S] to save the Requirements Gateway
project.

h. In the Management View Tab, expand the two documents to verify that Requirements Gateway
has successfully parsed their contents.
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# User Requiements  Word
+ I@]System Software Level Requirements  Word
+ @]De{a\lad Software Design  Word
i Blood Pressure Analysis  LabVIEW
] @.Saﬁware Walidation Demo lvproj
[=1Path: C:\Software Validation Demo'\Software Validatior
] E My Computer
= aMain.\ri
[=1Path: C:\Scftware Validation Demo'\Main.vi
BfRevision: 257
= @From Fanel
{&lBPm
gl Instart BPM
@Signa\ Segmernt
£ Deviation
{1 Systolic
[ Diastolic
) Custom Controls
+{IMain Demo
+ I@]Hardware Requirements  Word
H(HUTF  UTF Test Defintion (LVTEST)
+8UTF Requirements  Word

mm

28|
100%
647

n Der

100%

i. Notice that requirements coverage is less than 100%.

see the list of uncovered requirements.

Click on the ‘Coverage Analysis View’ to

IS M
BB Requirements Gateway - NIBP Monitor [E=RTE =
File Edit View Tools Reports Help
NE A DEd 0O [FHRE R @R R R | 3 | e ~id |
[H Management View L Coverage Analysis View Ig‘@ Impact Analysis View I 3% Graphical Vlawl [ Requirement Detallsl
Upstream Coverage Infomation: Selection Downstream Coverage Information:
=] @Syﬂem Scftware Level Requirements  Word 100% || #+Rule check - = aBluod Pressure Analysis  LabVIEW £4%
=} =] General System Requirsments + 8 Jser Requirements  Word 17 = &) Software Validation Demo vproj
%,)SystemReq1 - Measures Blood Pressure 8 System Software Level Requirements  Word =1 My Computer
4, )SystemReq? - Msasures Hsart Rate —H¥Detailed Softwars Design  Word ] =HIMain Demo
% JSystemReq3 - Simple Use [2 Introduction =8 Process Heartbeat Waveform.vi
I [E) Measurement Fegirements 3 ' {5} itz BPeaurement
%,)SystemReq4 - Resolution of Blood Pressure Measurement #,)SoftwareReq1 - Iitialize |2 Compiare resuits vi
'f‘JSystemHeq& - Resolution of Heart Rate Measurement '_“JSDﬂWareHqu - Idle 1
%,JSystemReq - Systolic: 5010 170 mmHg ¥ SoftwareReq3 - Inflate H
%) SystemReq7 - Diastolic: 50to 170 mmHg B SoftwareReqd - Deflate HE
%JSystemReq8 - Pulse Rate: 30 to 180 BPM %) SoftwareReq’ - Analyze
=1 [=] Safety Function Requirements '_“JSoﬁwareHqu - Resutt
%JSystemReq3 - Rapid Exhaust (Dump) ¥ SoftwareReq? - Abort H
'f‘JSy:temHeqTD - Release system '_“JSoftwareHqu - Main 1
% )SystemReq 11 - Automatic Cuff Deflation [E] Variable Types
'_“JSy:temHeqTZ-Overpressure Limit ++£] Algorithm Requirements
#+=] GUI Component Requirsments L
+ {58 Blood Pressure Analysis  LabVIEW B
##¥Hardware Requirements  Word
+{JUTF UTF Test Definition (LVTEST) 1] <
Texts and Reference Attributes |Attnbutes I Messages |
~ Upstream ~ Selection ~ Dowr
Text: Texd: Text:
Reference Attributes: Reference Aftributes:
| Detailed Software Design Word)State Implementaticns
L

j.
3.
a.

Click on the ‘Graphical View’ to see a graphical relationship between the requirements
Generate documentation showing requirements coverage
In the graphical view, highlight what you want to include in the report. Hold CTRL while selecting

both the requirements document, and the LabVIEW Project.
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Click on ‘Reports > Library Reports > Traceability Matrix’

Ensure that you've selected all the items to include and click ‘Continue’
In the save dialogue that appears, note the different formats that are available. Select PDF and
select the desktop and type ‘Blood Pressure Traceability Matrix’

The traceability matrix will appear

Traceability Matrix

This documan has baan genaraiad by NI Raquramant Gaiway

1. Calculator Req is d by Calculat

Text

Downstream

Tris funchan shall Sccep! 3 num=ncal nputl for Mumber
prassedinatrangss +om 0 10 §, Me cumren value Nt is
being depiayed and Me cursm numbe of decmal
piaces. Tis 1 SNl 3pply 3 decimal and Ingramens Mz

Ad Dign %
Cispay

we azin
.
REQ_DispiayCur | The dispiay shall show 113 numancal vals In daomal | Desplay
rantyaus
REQ_BgM Tris bufion shal have M number g on A and fre an | gt
2yt o Input Sighiwnan prassed
REQ Five Tris bution nal have the mumber B2 on Mand fre an | Fve
2vnt ta Ingut fivawien prassed
REQ_Four This butlon =hal hava Me numbar four an Al and fr= an | Four
2vant o Input four whan prassad
REQNWErs2 | TIiE DUTN SN Nave < 0NN aN0TE 31 aval 1 iversE | Nagae
RSN 0T M2 BE0EYS] MUMDS Wi pEssed
REQ_MamaryCle | Tris bution shall hava'MC' on il andfra an avani 10 caFr | Mamary Claar
a macurant vauz In manary
REQ_NIn2 Tris button shal nave the rumbar ninz on i and fr2 an | Nin
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PERFORMING CODE REVIEWS

Regular and thorough code reviews are an important and common practice for software engineers seeking to
mitigate the risk of unforeseen problems, identify the cause of bugs that are difficult to find, align the styles of
multiple developers, and demonstrate that the code works. These reviews are an opportunity for a team of
qualified individuals to scrutinize the logic of the developer and analyze the performance of the software.

Peer reviews are sometimes referred to as a code ‘walk-through.” The reviewer is typically guided through the
main path of execution through the program by the developer, during which they should be examining the
programming style, checking for adequate documentation, and reviewing questions that can be common
stumbling blocks, such as:

e How easily can new features be added in the future?

e How are errors reported and handled?

e Isthe code modular enough?

e Does the code starve the processor or use a prohibitive amount of memory?
e Isan adequate testing plan in place?

One of the most common reasons for not performing a code review is the amount of time needed to prepare for
and then perform the review. In order to simplify the process, you need to take advantage of tools that can help
automate the code inspection and help identify improvements. One example is the LabVIEW VI Analyzer tool,
which is an add-on for LabVIEW 7 and 7.1 that analyzes any LabVIEW code and then steps the user through the
test failures. You can also generate reports that allow you track code improvements over time, and can be checked
into source code control software along with your Vils.
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EXERCISE: ANALYZING CODE QUALITY

GOAL

We want to analyze our code on a regular basis to identify any potential problems or coding errors that could
cause inappropriate or incorrect behavior.

SCENARIO

We're going to be configuring a series of tests, examining the results, and generating a report to document the
results.

DESCRIPTION

The NI LabVIEW VI Analyzer Toolkit will be used to run 70+ tests on our application hierarchy and generate an
HTML report.

CONCEPTS COVERED

e Loading pre-configured test configuration
e Report generation
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1. Launch, configure and run the analyzer tests
a. From within LabVIEW, select Tools > VI Analyzer > Analyze ViIs...

Convert Build Script...

Source Control »

Show Results Window...

LLB Manager... [
Import 3

b. Select the task labeled ‘Load a previously saved analysis configuration file’ and click Next

[3 V1 Analyzer - Select Tasl
Welcome to the VI Analyzer. Please choose one of the options below and click Next.

Start a new VI Analyzer task

Select the Vls you want to analyze, and select the tests you want to run on those Vs. You can also
exclude certain tests from being run on certain Vis.

Load a previ ‘,%ﬂredamlysisL iguration file
Tf you have already'saved an analyzer configuration (CFG) file, you can load it into the VI Analyzer,
and all of your previous VI and test settings will be used,

Analyze the current VI

I you launched the VI Analyzer from the menubar of a saved VL, you can choose to analyze enly that
VL This option will be grayed out if you did not launch the VI Analyzer from a saved VI's menubar,

Analyze the current project Target

Basic Calculator.lvproj My Computer [+]

¥ you have a LabVIEW Project (vproj) open, you can analyze all the Vis under a particular target in
that project. You also can right-click project items and select Analyze Vis... from the Project Explorer
window.

<Back |[ Net> |[ Save. |[ Close |[ Help

c. VI Analyzer allows us to customize test settings and save the configuration for future use.

Navigate to ‘Software Validation Demo > Code Reviews,” and load the Demo Configuration.cfg
file.

Select VI Anal; ion Fil

Lookin: |, Test Corfiguration - 0 Er i
T= Mame - Date modified Type
[ svn 1/13/2010 846 PM  File folder
RecentPlaces | o y] Analyzer Test Configuration.cfg 1/13/2010 845 PM_ CFG File
Desktop
=
Libraries
LY
Computer
t“, 4 [} ] +
Metwork
Fie niame VI Analyzer Test Configuration -
Fies cftype: V] Analyzer Configuration Fie (*cfg) «] [ Caneel |

d. VI Analyzer will display a list of files that will be analyzed. We can use this window to add or
remove objects. Since all the files we want to analyze have been selected, click Next.
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Select the Vs, LLBs, or directories you want to analyze with the Add Top-level Item button

Ttems to Analyze
£-H My Computer - Add Top-level temn...
£ ) SubVis
). Custom Controls Remove Top-level Item
i -l Memory Options.ctl
i L{l Operation Buttons.ctl Include/Exclude Item(s)
)4 Display Vis
: [l Add Digitto Displayvi Passwords...
¢ ml, Display Overflow Protection.vi
i - Initializevi
.l Remove Digit From Display.vi
Er J} Memory Vs
i sl Button RefMum to Num.vi
¢ ol Get'M' RefNumwi
i .[# Memory Functional Global.vi
i “lml Store History.vi
). Pictures
i /™ LabVIEW.bmp
42 Calculator.ini
- Unit Tests
[ Add Digit to Display.vtest
i), Display Overflow Protection.Ivtest
1l Memory Functional Global.lvtest .

!

« (0 »

<Back ][ Met> ][ Save. ][ Close ][ Help
T

e. Alist of over eighty tests will be displayed. Select a test to view configuration information and set
the priority. Recommendations include:
1. Documentation > User > Spell Check — this can help mitigate the risk of misspelled
words amongst the documentation and most importantly, the user interface
2.General > VI Properties > Driver Usage — when building an application, it can be useful
to know what drivers have been called by the application and should be included in the
installer
3. Complexity Metrics > Cycolmatic Complexity — this industry-standard code metric helps
evaluate the amount of paths through code, which is useful when developing test plans.
4.Block Diagram > Performance > Arrays and Strings in Loops — this is one of several tests
that can point out programming practices that could detract from execution speed.
f.  Click Next
g. We can now save the test configuration, or we can perform the analysis on our Vls. Click Analyze
to begin testing the entire hierarchy of Vls.

Note: The tests should take roughly thirty seconds to complete on a fast computer if you run them on the entire
application hierarchy.

2. Review the VI Analyzer Results and Correct Errors
a. The dialog that appears after running the tests shows the list of VIs that was analyzed. The
number shown in the right column indicates the number of items that require attention and
review. Begin by expanding the items under ‘Calculator.vi.” A total of 17 items should be listed.
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g.

Test Results | Testing Errors | Summary |

||| | pouble-ciick a failure occurrence to highlight the failure bject in the V1. If the VT | I
changed since you performed the analysis, the wrong object may be highlighted.

Results List

‘Add Digit to Displayi
- Button RefNum to Num.vi 5
B Calculatorvi 17

- ! Spell Check 3
T T A I -

i Occurrence2

Occurrence 3
Unused Code
Backwards Wires
Clipped Text
Panel Size and Position
Wires Under Objects
Controls and Indicators
Cyclomatic Complexity
Diagram Count
Diagram Size
Enabled Debugging
Node Count 1 ad

Subitems -

R R e e e e

ow Failures Only @ Sort by VI ! - High Rank Test
. OSortbyTest 1 -LowRank Test
Description
The control "Backspace" contains the misspelled word "Backpace' in its -
boolean text.
Bpot. | | load. | [ Save. | [ Dome | [ Hel

The high importance test failures will be indicated using a red exclamation mark. As an example,
expand the ‘Spell Check’ test and select ‘Occurrence 1.” The description should explain that, ‘The
control “Timing” contains the misspelled word “Timing” in its Boolean text.’

Double-click on Occurrence 1. LabVIEW should highlight the button on the front panel with the
misspelled word.

Select ‘Sort by Test’

Select ‘Wired Terminals in Subdiagrams > Display Overflow Protection.vi > Occurrence 1.’

V1 Analyzer Results Wind
Test Results | Testing Errors | Summary

Deuble-click a failure occurrence to highlight the failure object in the V1. If the VI
changed since you performed the analysis, the wrong object may be highlighted.

Resuts List
1 Error Cluster Wired
! Error Style
1 Spell Check
! Unused Code
Calculatori
1 Wired Terminals in Subdiagrams
E1-:_Display Overflow Protection vi L4
L Ocurencel | ]
- Qccurrence2
Gl Memory Functional Global.vi
Backwards Wires
Clipped Text
Comment Usage
Connector Pane Pattern
Panel Size and Position
Wires Under Objects
i Control Alignment
i_Control Terminal Wirina
Show Failures Only © Sort by VI
@ Sort by Test

ubitemns. ~

B
2
2
3
T L
1
2
2

i -
T - High Rank Test
i -LowRankTest

Description
The control terminal *Display Before” does not resicle on the top-level -
diagram. In order to avoid unnecessary memory copies, control and

indicator terminals that are wired an the connector pane should be placed on
the top-level diagram

Bport. | [ Loed.. | [ Save. | [ Done | [ Hep

Double-click ‘Occurrence 1.” The controls ‘Heart Rate Params,” are inside the case structure,
which violates proper style-guidelines and potentially creates unnecessary copies in memory.
Moving them outside of the case structure will correct this error.

Explore the remaining results and consult the description for details on how to correct the error.

3. Generate an HTML report

a.
b.

Click ‘Export’ in the VI Analyzer Results Window.

Change the location to the ‘Analyzer Results’ folder in the project and type in the name of the file
you wish to save it as.

From the drop-down, select HTML.

Click Export

Click Done on the VI Analyzer Results Window. Click No to dismiss the save dialog.
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f.  When prompted to return to VI Analyzer, click No
g. From within the Project Explorer, expand the ‘Analyzer Results’ folder

h. Double-click the new html document to see the results in a browser. Note that this dialog
includes links to tests for navigation.

Failed Tests (sorted by VI)

Memory Options.ctl (C:\Users\ekerry AMER Desktop'Software Engmeering Hands-On'Source Code Control Basic Calculator'\Calculator'SubVIs\Custom
Controls\Memory Options. ctl)

Test

Failure Message

'VI Documentation|| This VT has no VI Description.
Dialog Controls

The control labeled "Memory Options” is not a dialog-style control. Because of this, its appearance will not be platform-specific.

Operation Buttons.ctl (C:\Users'ekerry AMER 'Desktop'Software Engmeering Hands-On\Source Code Control Basic Calculator'Calculator' SubVIs\Custom
Controls\Operation Buttons.ctl)

Test

Failure Message

VI Documentation|| This VI has no VI Description.
Dialog Controls

The control labeled "Operation Button" is not a dialog-style control. Because of this, its appearance will not be platform-specific.

Add Digit to Display.vi (C:\Users'\ekerry AMER'Desktop'Software Engineering Hands-On'Source Code Control Basic Calculator\Calculator' SubVIs'Display VIs\A
to Display vi)
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ADVANCED DEBUGGING AND DYNAMIC CODE ANALYSIS

Identifying the source and fixing the cause of unexpected or undesirable behavior in software can be a tedious,
time-consuming and expensive task for developers. Even code that is syntactically correct and functionally
complete is often still contaminated with problems such as memory leaks or daemon tasks that can impact
performance or lead to incorrect behavior. These oversights can be difficult to reproduce and even more difficult
to locate, especially in large, complex applications.

With the NI LabVIEW Desktop Execution Trace Toolkit, we can trace the execution of LabVIEW VIs on a Windows
target during run-time to detect and locate problems in code that could impact performance or cause unexpected
behavior. This will be helpful when struggling to locate the source of difficult to find, or difficult to reproduce
issues. The Desktop Execution Trace Toolkit provides a chronological view of system events, queue operations,
reference leaks, memory allocation, un-handled errors, and the execution of subVIls. Users can also
programmatically generate user-defined events from the block diagram of a LabVIEW application.

Dynamic code analysis refers to the ability to understand what software is doing ‘under-the-hood’ during
execution. In other words, it provides details about events and the context in which they occur in order to give
developers a bigger picture and more information that can help solve problems.

Dynamic code analysis has a number of different use-cases throughout the software development life-cycle,
including:

¢  Detecting memory and reference leaks

* Isolating the source of a specific event or undesired behavior

e  Screening applications for areas where performance can be improved

* |dentifying the last call before an error

*  Ensuring the execution of an application is the same on different targets

Problems such as memory leaks can have costly consequences for systems that are required to sustain operation
for extended periods of time or for software that has been released to a customer. If software that needs
debugging has been deployed and the LabVIEW development environment is not installed on the current machine,
it may be beneficial to perform dynamic analysis of the code with the Desktop Execution Trace Toolkit over the
network. For deployed systems, even if the development environment is available, it may be impractical or
difficult to locally troubleshoot or profile the execution of a running system.
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DEBUGGING UNEXPECTED BEHAVIOR

GOAL

We want to profile the execution of a LabVIEW application we’ve developed to find the source of un-desirable
behavior.

SCENARIO

Consider that you have software in use that appears to work fine, but it eventually begins to get slower and less
responsive, or eventually quits unexpectedly. You suspect a memory leak, but the application is very large and it
could take an extremely long time to track down the source of this problem.

DESCRIPTION

We’'re going to use the Desktop Execution Trace Toolkit to monitor the execution of our suspect application and
see if we can find the source of these problematic behaviors.

CONCEPTS COVERED

e How to setup and configure a trace
e How to filter the information

e User-defined trace data

e Finding the source of an event

e |dentifying memory leaks

e Discovering un-handled errors

FIRST STEPS

e Make sure that LabVIEW and the Desktop Execution Trace Toolkit are installed.

e Make sure that a firewall is not preventing communication between the tool and LabVIEW

e In LabVIEW, go to Tools >> Options and select the ‘Block Diagram’ category. De-select Enable Automatic
Error Handling in new Vls and de-select ‘Enable Automatic Error handling dialogs.

i3 Options (sl

Category - Block Diagram

MNew and Changed for LabVIEW {

Paths [ Bpable automatic error handling in new VIs
Front Pnel [7] Bnable autematic error handling dialegs
Block Diagram)|

Enable automatic wire routing

Block Diagram: Cleanup
Alignment Grid
Controls/Functions Palettes 4

7] Enable aute wiring Minimum distance Maximum distance
32
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TRACE AN EXAMPLE IN THE DEVELOPMENT ENVIRONMENT

1.

2.

Demonstrate that application does not appear to have any obvious defects and show how custom trace

data has been programmed into the application

a.

In the Project Explorer, open the VI entitled Main.vi. As has been demonstrated in prior steps,
the application works correctly and does not have any obvious bugs; however, errors have been
intentionally coded into this application for the sake of demonstration, including a memory leak
that will degrade performance over time.

In the Project Explorer, expand the folder ‘Main Demo’ and open the VI ‘Send Debug Info to
DETT.vi.” This VI uses the ‘Generate User-Defined Trace Event’ primitive to stream data to the
Desktop Execution Trace, which is extremely helpful when trying to debug code that quickly
iterates through a large amount of data. The desktop execution trace toolkit will allow us to see
all of the values in each iteration.

e - -
{3 send Debug Info to DETTvi Block Diagram on Software Validation Demall... E@Iﬂ_hj
Eile Edit View Project Operate Tools Window Help “@‘\

L{>1@1 @h‘ﬂﬁl |15ptApp|icatiUn Font |« ||$1_—_|{ ..Q I‘? debus
~
== = = = W= = W=l = W=l = = W=l = = W=l = N= A== A==

Pulse
=B g

e
:

Slope:

Slope
G

1
[ronnf

L Last Slope:
Last Slope
g E
[}
Heart Rate Timer:

f I Qutput: }"""

bk
00000000000 000000000000

Software Validation Demo.lvproj/My Computer < [ +

m

Generate User-
Defined Trace Event

Setup the Trace

a.

Launch the Desktop Execution Trace Toolkit from the start menu by navigating to National
Instruments > LabVIEW Desktop Execution Trace Toolkit

Select ‘New Trace’ from the toolbar at the top. In the dialog that appears, we could chose to
trace a deployed executable or shared library over a network, as well as a remote development
environment. To get started, select Local Application Instance.

Eile

= Start @ Stop

Edit View Tools Hel

s
"o . Mew Trace..,

Configure.., E Split Display -

C.

In this menu, you should see the name of the current Project listed. Select it.
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- ~
New Trace Connection

@ Local application instances

Main Appli
Software Vali

(2) Remote application instances
IP address VI Server port

3363

(Z) Application or Shared Library
IP address VI Server port

- 3363

Application name

0K ] [ Cancel ] [ Help

d. Click OK
3. Configure the Trace
a. Select Configure from the toolbar at the top. We can capture a lot of information from this tool,
and we’ll see later on how to setup filters to help us parse the information, but for now we can
actually configure what data we want to record

File Edit Vjew Tools Help
mp Start (O Stop | Y. MNew Trace. £ &3 Configure. ) 5 Split Display ~

b. Explain that we suspect a memory leak, so start by turning on Memory Allocations.

c. By default, the threshold is set to 0 bytes. As aresult, we’re going to see a memory allocation for
a lot of little things that the LabVIEW compiler does. Up this threshold to eliminate some of the
noise to roughly 300 Bytes

d. Setthe rest of the checkboxes as shown in the image below
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-
Configure Trace Sessicn

Application Instance - Configure Trace Session
Software Validation Deme

["] Event Structure

4| Timeout

[ Queues and Motifiers
User-Defined Trace Events
[T W1 Execution

[T Reference Leaks

Errors

Memory Allocations

Memaory Threshold: | 300 Bytes

[ ok || cancel || Help

e. Click OK
4. Begin tracing execution
a. Select Start from the toolbar

File Edit View Tools Help

Stop | }'_'i._. Mew Trace... EE Configure... | E Split Display -

b. Switch back to the front panel of Main.vi

c. Position the front panel and the Desktop Execution Trace Toolkit on the screen so that both can
be seen simultaneously
Run the VI and when prompted, select the same sample data as last time
Note that you should see data appear in the trace as shown below after selecting the dataset.
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9 Desktop Execution Trace Toolkit 6.

fle it View ook Hep
> surt @ Stop | s NewTrace—
[TaceDats e %
Teacncy Saftware Validation Demo.vproj/My Computer: 1/31/2011 - 1544:18.728527 BER|
3 Software Validation Demo vpeoy/My Ce < |
¥ 13172011 - 1511:41 338186 o Tes v Event Theeac CPUL Detaile
< 1/31/2011 - 1512:09.208441 Memory Resize.
152902127123 ;
15:32:46.625139

201

Handie: 040SCIEC; New Size: 668; Old Size 660; Change:&
Handie: 0u059640; New Size 655; Old Size: 660; Change §
Handie: 0s4058044; New Size: 201788; Old Size: 201785; Change: 0
Hendie: O0SCIEC: New Size: 676; Old Size 668; Change &
Handie: 0n4058640; New Size:676; O1d Size 668; Change:8
Handie: 0s4058084; New Size: 201788; O Size: 201788; Change: 0

Memory Resize:

Memory Resaze

Memory Resize

Memory Resize

Memory Resize

15:4428.5%6368 Memory Resize

154428837141 Memory Resize

Handie; 0058640; New Sze T24; Od Size T16; Change 8
Handie: 0i05044; New Size: 1788; Old Size 201788; Change:0

Memory Resize
@ Handie: OWUSCIEC; New Sze: 32, Old Size 724; Change &

154429137174

Memory Resize:

Memory Resize

Memory Resize

Memory Resize:

Memory Resize

Handie: 00SCIEC; New Size: 772: Old Size 764; Change: §

Handie: 0s059640; New Size: 772; Old Size: 764; Change §

Handie: 0s4058044; New Size: 201788; Old Size: 201788; Change: 0

Handie: G404A254; New Size: 1028; Od Size: 772; Change: 256

Handie: Ol0SCIEC; New Size: 780; Old Size: 772; Change & 5

Memory Resize

[ERE R B2 R FEREEERPEEEREEEEE-EEEE-E LR AR SR ER R
B B R R e
CeossamENOOCCOCAARECO AL NOOOANAOOEOOOONAES

f.  The screen will continue to populate with ‘Memory Resize’ as we have code in our application
that has a leak in it.

g. Return to the application and click Take Blood Pressure. As a result, we should now see some
user-generated data and an error message

B4 Desktop Execution Trace Toakit

File Edit View Tools Help
NewTrace.. &2 Configure... | ] Spit Display ~
S x|

" Viewo %
Software Validation Demo.vproj/My Computer: 1/31/2011 - 20:24:27.880292 : (Fittered)

are Validation Demo.vprajfMy Cc
/2011 - 20:24:27.33009)]

= Time v Event Threac CPUIc Details
115134 20:24:34884982  Send DebugInfo to DETT User Defined 7 4 Pulse No Slope: -0.002502 Last Slope: -0.002457 Heart Rate Ti

5.

h.

115172 20:24:34 885031

115153 20:4:34885009  Send DebugInfo to DETT User Defined

Send Debug Infoto DETT User Defined

115101 20:4:34885051  Send DebugInfo to DETT User Defined
115210 20:24:34 885067
115228 20:24:34 885082
115246 20:24:34 885096
115264 20:24:34 885111
115282 20:24:34885128
115200 20:24:34 885143
115318 20:24:34 885158
115336 20:24:34 885173
115254 20:24:34 885187
115272 20:24:34 885201
115390 20:24:34 885216
115408 20:24:34885231
115426 20:24:34 885245
115444 20:24:34 885250
115462 20:24:34 885273

Send Debug Info to DETT  User Defined
Send Debug Infoto DETT User Defined
Send Debug Info to DETT User Defined
Send Debug Infoto DETT User Defined
Send Debug Infoto DETT User Defined
Send Debug Info to DETT User Defined
Send Debug Infoto DETT User Defined
Send Debug Info to DETT User Defined
Send Debug Infoto DETT User Defined
Send Debug Info to DETT User Defined
Send Debug Info to DETT User Defined
Send Debug Info to DETT User Defined
Send Debug Info to DETT User Defined
Send Debug Infoto DETT User Defined
Send Debug Info to DETT User Defined

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

Pulse: No Slope: -0.002501 Last Slope: -0.002502 Heart Rate Ti
Pulse: No Slope: -0.002591 Last Slope: -0.002531 Heart Rate Ti

Pulse: No Slope: -0.002725 Last Slope: -0.002531 Heart Rate Ti

Pulse: No Slope: -0.002949 Last Slope: -0.002725 Heart Rate Ti
Pulse: No Slope: -0.002393 Last Slope: -0.002949 Heart Rate Tj
Pulse; No Slope: -0.003217 Last Slope: -0.002993 Heart Rate Ti
Pulse: No Slope: -0.003261 Last Slope: -0.003217 Heart Rate Ti
Pulse: No Slope: -0.003217 Last Slope: -0.003261 Heart Rate Ti
Pulse: No Slope: -0.003306 Last Slope: -0.003217 Heart Rate Ti
Pulse: No Slope: -0.003395 Last Slope: -0.003306 Heart Rate Ti
Pulse: No Slope: -0.003261 Last Slope: -0.003395 Heart Rate Tj
Pulse: No Slope: -0.003217 Last Slope: -0.003261 Heart Rate Ti
Pulse: No Slope: -0.003351 Last Slope: -0.003217 Heart Rate Ti
Pulse: No Slope: -0.003351 Last Slope: -0.003351 Heart Rate Ti
Pulse; No Slope: -0.003261 Last Slope: -0.003351 Heart Rate Ti
Pulse: No Slope: -0.003038 Last Slope: -0.003261 Heart Rate Tj
Pulse: No Slope: -0.002904 Last Slope: -0.003038 Heart Rate Ti
Pulse: No Slope: -0.002993 Last Slope: -0.002004 Heart Rate Ti

Event Details: Size: 192; Handle: 04244834
Call Chain: Main.vi> > Compare results.vi

Path: C\Software Validation Demo\Main Demo\Compare results.vi
Thread Id: 0 - cpulD: 1

Stop the trace

Understanding the Data

a.

b.

Before we try to find our memory leak, we should stop and examine the data we’re getting to

see what it means.

We get several columns of data back, including the VI it occurred in, the description of the event,

and other informat

ion such as the timestamp

Highlight an event by clicking on it, such as a memory allocation.
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DETT Demonstrations.ivproj/My Computer : 2/1/2009 - 01:12:21.9407393 @ X E

# Time VI Event Th Details -
01:12:23.601953 | *on RefNum to Num.vi | Memory Allocate |0 | Handle: (:3ECOCIC; Size: 126 v

Ewvent Details: Size: 126; Handle: 13ECAC1C .
Call Chain: Calculator.vi» > Button Refum to Mum.vi Tlmestamp

Path: C:\Users\ekerny\Desktop \DETT Example\wtorﬁub‘ﬂs\wlemory VIs\Button RefMum to Mum.vi

Thread Id: 0 - cpulD: 1 ‘\

Thread CPU core Call Chain Amount of memory allocated

d. Highlight the items shown in the image above
6. Finding the un-handled error
a. The trace data from the main.vi should have yielded an un-handled error, which will be
highlighted in red. We had no inclination of this happening when our program ran, but the
Desktop Execution Trace Toolkit has pointed out a potential problem that could be impacting the
behavior of our code.

b. Clicking on it will give you the details of the event.

c. Double-clicking on the trace identifies the property node by bringing up the block diagram and
highlighting it.

d. The property node is throwing an error because you’re trying to write the SyncDisp property,
which cannot be set during run-time.
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TESTING AND VALIDATION

The idea behind unit testing is elegant and simple, but can be expanded to enable sophisticated series of tests for
code validation and regression testing. A unit test is strictly something that ‘exercises’ or runs the code under test.
Many developers manually perform unit testing on a regular basis in the course of working on a segment of code.
In other words, it can be as simple as, ‘I know the code should perform this task when | supply this input; I'll try it
and see what happens.” If it doesn’t behave as expected, the developer would likely modify the code and repeat
this iterative process until it works.

The problem with doing this manually is that it can easily overlook large ranges of values or different combinations
of inputs and it offers no insight into how much of the code was actually executed during testing. Additionally, it
does not help us with the important task of proving to someone else that it worked and that it worked correctly.
The cost and time required is compounded by the reality that one round of testing is rarely enough; besides fixing
bugs, any changes that are made to code later in the development process may require additional investment of
time and resources to ensure it’s working properly.

Large projects typically augment manual procedures with tools such as the NI LabVIEW Unit Test Framework
Toolkit to automate and improve this process. Automation reduces the risk of undetected errors, saves costs by
detecting problems early in the development lifecycle, and saves time by keeping developers focused on the task
of writing the software, instead of performing the tests themselves.
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UNIT TESTING AND VALIDATION OF CODE

GOAL

We want to automate the process of testing Vls in order to make sure they exhibit correct behavior.

SCENARIO

Consider that you’ve been given requirements for implementing a subroutine and you want to make sure it works
as expected. Automating the tests makes it possible to re-run them on a regular basis and thereby mitigate the
risk of making a change that could introduce a problem. We can also generate reports and get additional
information about our code that can help further improve the quality and reliability of the application.

DESCRIPTION

We’re going to use the NI LabVIEW Unit Test Framework Toolkit to generate a test case for a simple VI, examine
the results, and generate a report.

CONCEPTS COVERED

e  Creating a unit test

e Defining test cases

e  Tracking tests in the Project Explorer

e Importing test parameters from the front panel
e  Executing tests

e Interpreting the test results dialog

e Report generation

FIRST STEPS

e Ensure that LabVIEW and the Unit Test Framework Toolkit are installed.
e Make sure the UTF Directory is setup properly
o Rightclick on the project file in the Project Explorer and select properties.
o Select ‘Unit Test Framework’
o Scroll down to ‘Test Creation” and make sure that the correct directory is selected

35



1.

Perform a Manual Test

In the Project Explorer, expand SubVIs > Main Demo and open Peak-Valley-Noise.vi. This VI
executes in a loop to identify the peaks and valleys based by comparing the instantaneous slope
with the previous slope.

Review the requirements document to get the test vector.

Peak-Valley-Noise.vi has the following inputs:

a.

b.

Slope — this is the rate at which the pressure is changing between the two most recent
points

Last Slope — this is the rate at which the pressure is changing between the previous two
points

Heart Rate Timer— this corresponds to the number of data-points that have been
analyzed since the previous valley. If the number of samples is less than 300, it should
return ‘Noise’

Pulse — set to True after a Valley and until a Peak

error in (no error) —if an error is passed into this VI, it should return the same error and
zeros for both indicators.

Peak-Valley-Noise.vi has the following outputs:

State — the options are Peak, Valley or Noise
error out — if invalid inputs are received by this VI, it will output an error. It will also
pass any errors that are input to it.

-
T3 peak-Valley-Moisevi ‘ ‘ M
File Edit View Project Operate Tools Window Help -
Y
E=IEI (2]l

Software Validation Demo.vproj/My Computer| <
—

Configure the VI for a manual test

Set Heart Rate Timer to ‘500’
Set Slope to ‘4
Set Last Slope to -9’

Run the VI. The outputs should be:
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i. State should be ‘Valley’
ii. Error Out status should not indicate an error
2. Define a Unit Test for Peak-Valley-Noise.vi
e. Though we’ve manually run the VI to check and make sure it works, there are numerous
conditions that we want to make sure this VI can properly handle. Several tests have already
been created for this VI, but we’re going to start by creating a new test for positive values. Right-
click on the VI and select ‘Unit Tests > New Test.’

-
I3 Project Explorer - Software Validation Demo.lvpraj " - _

File Edit View Project Q_perate Tools Window Help
EE IR ECIE Y M |
Items | Files

=3 iT_:;l Project: Software Validation Demo.lvproj
B § My Computer

@+ [J Requirements Documents

£ @ Main Demo
i;g, Calculate Blood Pressure.vi
i;g, Compare results.vi
i;g, Find Blood Pressure_ms.vi
i;g, Initialize BPMeaurement.vi
- |ml, Logging Slopewi
“ - |l Process Hearth
- [m] Remove outlial
-] Reset Display.v
i;g, Send DebugIni  print...
i;g, Update cursors
[ (@ Unit Tests Run
[ [@ Sample Data
- [@ Customn Controls
[E
£
[E

Open
Explore...
Show in Files View Ctrl+E

Find »

i [ Results
£ ﬁ Code Reviews
i [ Documentation i

i;g Main.vi Unit Tests I Mew Test
==} B ’ & ’

B Dependencies —
[ Build Specificatiof Yo New User-Defined Test
Add Test from File
Rename... F2
Run
Find
Properties

a. LabVIEW will generate a new file on disk with an .lvtest extension. The test will be created next
to the VI under test by default, though we can specify a separate location or move the test on
disk from within the ‘Files’ tab. Double-click on the unit test in the Project Explorer to open the
Test Properties dialog.

b. The first category shows the basic configuration of the unit test. The information displayed
includes the following:

i. VI Under Test — this will automatically be configured, but we can change it at a later
date if we move or rename a VI under test outside of the LabVIEW Project Explorer.

ii. Test Priority — this number can be used to group tests and test results based upon
importance. As an example, you can tell the Unit Test Framework to only run tests that
are at least a certain priority.
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iii. Requirements ID — this ID can be read by NI Requirements Gateway for the sake of
automated traceability to requirements documents.

b. Enter the requirement ID: SwTestReq1l into the RequirementsID field

c. Selectthe ‘Test Cases’ category. Note that one unit test can contain multiple test cases.
Test Case|1 =3
d. The right side of the ‘Test Cases’ dialog will display the inputs and outputs of the VI Under Test.
From this dialog we can configure the following:
i. Theinputs to set
ii. Theinputvalues
iii. The excepted outputs
iv. The outputs to compare
v. The comparisons to be made between the actual results and the expected results
e. Only the controls and indicators connected to the connector pane will be shown in the Test Case
dialog by default, but we can adjust the settings from the Advanced category to use any and all
controls and indicators. Tests can be created for any data-type in LabVIEW, including arrays and
clusters. For complex datasets, it may be better to define values in the .Ivtest file, via the front
panel or a setup VI.
' ™y
{3 Test Properties : Peak-Valley-Noise.lvtest .' .@Elﬂj
Configuration
down Test Case |1 lz‘ [ New ] [ Duplicate ] [ Update ] [ Delete ]
;:St Vec:ms Input Name Data Type Input Value -
vance Setup VI
= VI Under Test
. Slope Double Float
T S —
. [¥] Pulse Boolean FALSE
Heart Rate Timer B2 500 N
= error in (no error) Cluster N
status Boolean FALSE :
code B2 0
source String :
Qutput Name Data Type Comparison Expected Value -
= 1u"IUnder'I'est
S S N 72—
=] . error out Cluster
status Boolean FALSE i
code B2 0
source String
Teardown VI
I
]
Export Values to VI ] [Import‘u’aluasfrom\"l]
[ ok |[ Cancel |[ Help |||

f.

Define the input values for the values as shown below:
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Input Mame
Setup VI
= ‘u’IUnderTest

Data Type

Input Value

T

. [¥] Last Slope

[¥] Pulse
Heart Rate Timer

= error in (no error)
status
code
[] source

Double Float

Boolean

B2
Cluster
Boolea
32
String

n
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500
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g. Define the output string as ‘Valley’

h. Feel free to define additional test cases from this dialog by clicking New at the top.
i. Click OK

j.  Rightclick on the test in the Project Explorer and select Run

Logging Slope.wvi

Peak-Valley-Moise.vi

Process Heartbeat Waveform.vi

Remove outliars before calculations.vi

Reset Display.vi

Send Debug Info to DETT.vi

Update cursors.vi
nit Tests

Calculate Blood Pressure - Range Exceeded. vtest

Calculate Blood Pressure - Valid Inputs.vtest

Peak-Valley-Moise - Peak Detection.vtest
P
Sample Explore...
Custom

Results M
Code Ri- —
ol I >
Mainwvi| —

Find VI
Depend _
% Build Sg Find Vectors

m
sﬁs

I

FREE DEEEEEE

Show in Files View Ctrl+E

LEUBEBE

*

e
4

Rename...

[

k. The test should pass, which will be indicated by a green icon that is overlaid on the test in the
Project tree. A dialog will also appear explaining the results.

13 Unit Test Framework Results o= S |
Summary | Test Results | Test Errors | Code Coverage |
Test Results Test Errors. I
l Passed 1 Itest File o
Failed 0 VIUnder Test o
Skipped 0 Setup VI o
Error 0 Teardown VI a
Total 1 Test Execution 0
Total 0
Timing Statistics VIs
Vs Passed 1
Totsl Time 00013
Vis Failed 0
Total 1
seve Leed

I.  Click Done
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3.

Running multiple tests and troubleshooting test failures

a.

Expand the folder titled ‘Unit Tests’ in the Project tree to see the pre-defined tests for Vis in this
Project.

Right-click on the folder entitled Unit Tests and select Unit Tests > Run. In addition to running all
the tests in a folder, we could also run all the tests for just a particular VI, all of the tests in the
Project Explorer, or we could run tests programmatically using the documented API and VI
palette.

When the test is complete, notice that the icon in the Project Explorer for Add Digit to Display —
Negative Values.lvtest now has a red dot next to it, which indicates that the test failed.
Additionally, the Test Results dialog has appeared which indicates that one of the tests has failed.
Click on the Test Results tab to find out what went wrong.

' '
3 Unit Test Framework Results — e
Summary | TestResults | TestErrors | Code Coverage |
Double-click an item to highlight the indicator of the VI where a test failed.
Results Details Pass/Fail -
- X Software Validation Demo.lvproj Failed
= % My Computer Failed
= X Unit Tests Failed
= X Peak-Valley-Moise - Peak Detection. vtest Failed
= X Test Casel Failed
E| VI Under Test
L error out/status
=} X Test Case2 Failed
=) VI Under Test
- R
|
[T Show failures only () Display by VIname @ Display by test name |
Description
Value comparison failed. -~ ’
Detail: = | [
Control Label: State ‘=| |
Operation: = B i
Resulting Value: Peak |
Expected Value: Valley 2 )
Save ] [ Load ] [ Expand Tree 0K ] ’ Help ] L
L A
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4. View the traceability in Requirements Gateway
a. Launch the completed NI Requirements Gateway project
b. Switch to the traceability view
c. Show that the requirement for Peak-Valley-Noise is now covered by this unit test that was just
implemented
5. Turn on Report Generation
a. Inthe Project Explorer, right click on the project file and select properties

43 Project Explorer - UTF Dema.vproj [E=n(EoR =<
Ele Edit View Project Operate Tools Window Help
B IR IEC YR
Hems | Files
=& [Fie
SRy New »
BH Bplore..
E'rg’ Show in Files View Ctrl+E
Save s Ivtest
Save As. ut.hvtest
Save All {this Project) Ivtest

Mass Compile...

View »
Find ftems with No Callers

Find Missing Items
Tmport »

Expand All
Collapse All

Rename. F2

b. The properties dialog contains various settings and preferences for the Unit Test Framework,
including test filters and the default location for new tests
c. Select Unit Test: Report Details and check everything

I3 Project Properties ==
Coe i
Project
Conditional Disable Symbols Report Contents
Source Control
Unit Test: Filters Summary data
Unit Test: Generate Reports 7] Failed tests
Unit Test: Generate Log Files [IInclude details
Unit Test: Test Creation i

Unit Test: VI Passwords
[IInclude details

Skipped tests
Errors

Display By

© Test name
© Viname

-

d. Select Unit Test: Generate Reports and select Generate HTML Report and View Report after
Execution
e. Click ontheicon in the toolbar to Run Unit Tests

ndow Help

e IE K |

a. After the tests are complete, the HTML report should display in your browser.
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MORE INFORMATION

ONLINE RESOURCES

e ni.com/largeapps — find best practices, online examples and a community of LabVIEW users
e ni.com/softwareengineering — download evaluation software and read more about the tools in this guide

CUSTOMER EDUCATION CLASSES

e  Managing Software Engineering with LabVIEW
o Learn to manage the development of a LabVIEW project from definition to deployment
o Select and use appropriate tools and techniques to manage the development of a LabVIEW
application
o Recommended preparation for Certified LabVIEW Architect exam
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