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Ensuring Software Quality and Reliability

Goals ;
| youNeed 10 Prove:
1. Deliver a working product
2. Prove it works right ;
.l . . ‘\. ectatlons
3. Mitigate risk of failure |/ satisfies customer &P
4. Avoid last-minute changes
ﬁ 7/ Meets safety requirements
Why?
\ . __vianis reliable
1. More complex software 7/ The application!s re
2. Mission-critical applications |
3. Team size is growing racefully
4. Increased scrutiny | v FErrorsare handled 8
5. Decreasedtime |
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Software Engineering V-Model

. Requirements Review and Test X :
Prototyping Gathering Deployment Service

Application Integration
Architecture Testing

Module

Architecture Unit Testing

Development
& Debugging
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The Software Engineering Process

Requirements Application » Development » Debugging & Deployment

Gathering Architecture Testing

* Process is independent of programming language

« Demonstrate a particular process for certification

« Automate this process for LabVIEW with toolkits and add-ons
« SCMis applied throughout process
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The Software Engineering Process

Requirements Application » Debugging &

Deployment

Gathering Architecture Testing

Software Engineering Tools and Best Practices

Requirements Design Patterns Dataflow VI Analyzer Application
Gateway Builder
Object MathScript Real Time
Orientation Execution Trace Real Time
Statechart
Multicore Desktop FPGA
Simulation Execution Trace
Embedded
Express Unit Test
Framework

INSTRUMENTS

}7 NATIONAL



The Software Engineering Process

Requirements Application

Architecture

Gathering

Software Engineering Tools and Best Practic

Requirements Design Patterns
Gateway
Object
Orientation
Multicore

Dataflow

MathScript
Statechart
Simulation

Express

D
w

Debugging &
Testing

VI Analyzer

Real Time
Execution Trace

Desktop
Execution Trace

Unit Test
Framework

Deployment

Application
Builder

Real Time
FPGA

Embedded
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Tools for Debugging and Testing . g

3 Unit Test Functional Validation
Pl 2 Framework of Code
=l S
o B
g— <
o Desktop Real Time Dynamic Code Analysis
QC) Execution Trace || Execution Trace
O
w©
RS
aQ VI Analyzer Static Code Analysis
= Toolkit

Low Risk

Application Criticality

High Risk
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Tools for Debugging and Testing -

3 Unit Test Functional Validation
Pl 2 Framework of Code
= Bk
o =
g— <
(@) Desktop Real Time Dynamic Code Analysis
QC) Execution Trace Execution Trace
O
©
O
=3 VI Analyzer Static Code Analysis
= Toolkit

Low Risk

Application Criticality

High Risk
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Goals of Dynamic Code Analysis:

 What is consuming system memory?

« Am | capturing all the errors in my application?
 What was the last event to occur before...?
 What was the call-chain that led us to...?

« What thread is it executing in?

 Am | actually entering a specific event-case?

« What happened inside a structure?

 What order to these events occur in?

* |s a daemon process running in the background?
« Does the code behave different in an executable?
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Desktop Execution Trace Toolkit

Trace During Run-Time:

 Event Structures

« Memory Allocation

* Queues / Notifiers
 Reference Leaks

« Thread ID
 Unhandled Errors

« Dynamic / Static SubVls
e Custom User Strings
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Desktop Execution Trace Toolkit

Trace During Run-Time:
—— . Event Structures
e «  Memory Allocation
== « Queues / Notifiers
7 - rence Leaks

-1 9 1S

!

Skrip Chark Subv. i Memory Resize Handle: 0x25CA3CE; Old: 142; Mew: 118
Strip Chark Suby, i Mermory Allocate Handle: 0x25CA3CE; Size: 142
Strip Chark Sub. i Memory Resize

Handle: 0x25CA3CE; Old: 142; Mew: 118

zenerake Trace Events.vi User Defined My Teskd)
Generakte Trace Events. vi Cbkain Queue My Teskd - Ox66200002 : Created
zenerakte Trace Events. vi Ernqueue Element 7 My TestQ) - O=e6200002 ; Mo Wait
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Dynamic Code Analysis of LabVIEW VIs

DEMO
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Trace Production Systems Remotely

LabVIEW Desktop Execution Trace Toolkit

T I' LR RCR
Network

SAL ML W W)

VlIs and Debuggable Executables

Run-Time Execution Information

N Y
( . . .
— . LabVIEW Real-Time Execution Trace Toolkit
< Network
Run-Time Execution Information Deployed Real-Time Applications
\ Y
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Tools for Debugging and Testing -

3 Unit Test Functional Validation
= = Framework of Code
=l S
O

g— <C

o Desktop Real Time Dynamic Code Analysis
QC) Execution Trace || Execution Trace

O

©

O

aQ VI Analyzer Static Code Analysis
= Toolkit

Low Risk

Application Criticality

High Risk
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LabVIEW Unit Test Framework

5 e Input Values ] Output ,_::,——
l

Chr

Unit Test

Test vector = Input value(s) + Expected output(s)

Expected Output Automated

¢ NATIONAL

p¥ INSTRUMENTS



LabVIEW Unit Test Framework

e TR |nPutVaIues_ /

Expected Output

Test vector = Input value(s) + Expected output(s)
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LabVIEW Unit Test Framework

e TR |nPutVaIues_ /

Expected Output

Test vector = Input value(s) + Expected output(s)
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Creating Test Vectors with the LabVIEW Unit Test Framework

DEMO
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LabVIEW Unit Test Framework

Actual Output

Expected Output
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Code Coverage Example

Enurn

Boolean

T T, |" 1"_| DEFaUIt | "" o
4 1", Defaul

o Murneric 3

||3|| [ ] E

Murneric

Murmeric 2

2 Edges and 1 Path. 6 Possible Routes. 50% Code Coverage

e O
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Code Coverage Example

15T Test Vector:
2 Edges and 1 Path. 6 Possible Routes. (2 + 1) /6 =50% Code Coverage

K —

2"d Test Vector (aggregates covered code from 15t pass)
4 Edges and 1 Path. 6 Possible Routes. (4 + 1) /6 =83.33% Code Coverage

K S—
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Code Coverage Example

15T Test Vector:
2 Edges and 1 Path. 6 Possible Routes. (2 + 1) /6 =50% Code Coverage

T S

2"d Test Vector (aggregates covered code from 15t pass)
4 Edges and 1 Path. 6 Possible Routes. (4 + 1) /6 =83.33% Code Coverage

\ Uncovered Case A
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Programmatic Unit Testing

« Programmatically invoke | =Stetfer =)
testing and report Unit Test Framework
generation E

Use the Unit Test Framework Vs to execute
tests programmatically.

The VWle Aan thic nalett can return genera|

Unit Test Framework or specific Unit Test
1 I Ck Search l oo View™ =
=d help 18

W B BR r

Run from Pr...  Run from File Open Results... Create Repor...
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System Level
Requirements

Test
Requirements

Software

Requirements =

Module
Requirements

Test
Requirements

Test

Unit Test
Requirements Requirements e (

A

Implementation

‘/_/

Implementation

/

Implementation

INSTRUMENTS
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Integration with Requirements Gateway

Software
Requirements

Unit Tests

E¥ Specification  Text

| Ef Test Definition  UTF

=

&) V|_SUB_REQ1

= Z] 2 Error Checking

Functional Requirg

=) VI_MUL_REQ1 - I
#JvI_DIV_REQ1 - Di

=] VI_DIV_REQ2 - DiZ

= £p NI Requirements G4

%) Divide by Zero.Ivtg)
%) Divide.vtest
EF) Multiply.Ivtest

Ff| Subtract vtest

% Configuration

File  Edit

(5

Project

=

Types
b
LI'} 'H

Snapshots

R

Options

Help
— Project editor

f=lE =]

/& Basic Functions

»

m

[:¥ Specification

[ﬂlmplementaﬁon]

[[E Test Deﬁnition] [':Q]Test Result]

L L

|
|~ | %]

< i G

Detailsl_';_-:-':_--_:-'::_.~-=_"._'-| [
Name I Type of Analysis I File or Directory Ilgnor... Ilrrter... IBloc... I Variat +

E@ pecification m‘Text Specification bd [ - - =

':Ql Implementation mLabVIEW &Proj Dir [~ [ [ Analyze Dia—

':ﬂl est Definition [EUTF Test Defintion (L$ProjDir [~ [ [ Withimages -

1]

(1]}

| [

ok | [ cancal | Apply

Implementation

E# iImplementation  Lat
= gp NI Requirements Ga

= 2 Divide.i
E # Front Panel
Bl result
BB Multiplyvi
BB Subtractvi

([(ATestResult UTF Re

E My Computer
= 5] Folder 1

=] Divide by Zero.vte

) Divide.lvtest
=] Folder 2
= subtract.vtest
B A Folder 3

2 Multiply vtest

Test Results
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Requirements Traceabllity Solution from NI

E & 9 =

Dedicated Interfaces

T Traceability

Requirements l
NI Requirements Gateway
l Navigation

Capture T

Dedicated Interfaces

X1
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The Software Engineering Process

Requirements Application

Architecture

Gathering

Software Engineering Tools and Best Practic

Requirements Design Patterns
Gateway
Object
Orientation
Multicore

Dataflow

MathScript
Statechart
Simulation

Express

D
w

Debugging &
Testing

VI Analyzer

Real Time
Execution Trace

Desktop
Execution Trace

Unit Test
Framework

Deployment

Application
Builder

Real Time
FPGA

Embedded
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Software Engineering Best-Practices

Software Engineering Best Practices and Guidelines

Software Engineering with LabVIEW

View extensive documentation that provides
procedural guidelines and recommendaticns across
all phases of development for 1arge software
applicaticns written in Naticnal Instrument's
LabVIEW. Topics Include:

« Configuration Management and Source Control

« Requirements Gathering

» Application Architecture and Design
« Code Re-Use

= Debugaging and Optimization

« Testing and Verification

« Application Deployment

Information about additional tocls from National Instruments and third-party providers related to
software engineering practices with LabVIEW is available an the LabVIEW Tools Network.

Click here for more about LabVIEW Software Engineering Tools.

ni.com/largeapps




LabVIEW Learning Paths

LabVIEW Advanced I: Large LabVIEW Object-Oriented
Advar|ced

0 Application Development Programming System Design
g
Intermediate | LabVIEW Intermediate | and |l ]
LabVIEW CompactRIO RF LabVIEW LabVIEW
Real-Time Fundamentals LabVIEW Fundamentals Machine DAQ and
Splecjalty Application and LabVIEW Instrument and RF Vision and Signal

Development FPGA Control Application Conditioning

Foyndation [ LabVIEW Basics | and Il ]
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