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Developer Training

OBJECTIVES

 Introduce you to the OpenTAP Architecture

« Show how the OpenTAP SDK integrates with
Visual Studio

* Provide an overview of OpenTAP Plugin
Development
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Agenda
BASICS OF OPENTAP DEVELOPMENT

* TAP Architecture
» Getting Started in Visual Studio
 Test Steps

* Resources

* Instruments
 DUT

* Result Listeners
* Plugin Packaging
* Results System

* Viewing Results
« Extending TAP
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OpenTAP Architecture

DUT PluginS  mm: User Interfaces
— BSTDUT - .
CLI
=3 e
1 |
1 "4

Result Listeners

"' O0CNTNAO

CSV File \ .
DBStorage

Power Step
1 3 oy
Engine
- .
Instrument Plugins 7
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OpenTAP Architecture

WHAT’S PROVIDED

TAP
KS8400A

TAP
Plugins

TAP SDK
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CL

DB Storage

B

OpenTap.dll
Engine provides logging, executes test plans, and stores load/save settings

Editor.exe
TAP GUI helps the end user construct test plans and control their execution

tap.exe
Simple command line interface can load and execute a test plan

Plugins ...
Plugins provide additional TAP functionality, such as Result Listeners

Templates/Plugin

Templates help developers create custom TAP plugins such as test steps, DUTSs,
and instruments



KEVSIGHT

Setting

Test Plan

Repeat -

Step Settings
Completedin0.00s
‘Welcome to Keysight Test Automation

Hwilllet you quickly and easily automate your tests, view and analyze resuits, and optimize test performance.
With it you can: Getting Started
e the SDK 1o create custom plugins for devices Cli for & step-by-step procedure showing how
under test (DUTS), instruments, and test steps to:
~ Create test plans using supplied test steps, thig- + Create and run test plans
party developed test steps, and your own custom
test steps

Save test plan results to a database

a - View test plan results
* Run test plans, save and view results (Using the
e Results Viewer) Plugin Development
* Analyze and optimize test plan timing (Using the L3
Timing Analyzer) °]
St

\ow welcome screen at startup. (Use Editor
settings to show or hide later)

‘Waings 0

Information 1

Sources ~  Search~  Filter

Auto Scroll
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Getting Started

KSBA00A Test Automatii X

1. Go to http://keysight.com/find/tap s ae |

Notice the resourcesinthe
DocumentLibrary

Industries & Technologies  About Keysight myKeysight

n > Test Automation Platform (TAP) > KS34004 Test Automation on PathWave

KS8400A Test Automation on

» Software > > PathiWave Test Automatior %) Contactan Expert
PathWave e
b o

= View Technical Overview -

Download the Test Automation installer

How to Buy or Rent
© Explore YouTube Videos

3. Run Installer
* (30 days free trial license is available)

@) Visit Technical Support

@ Add to My Watchlist

ooooooo
o ‘ @ Product Support Center

Free Trial Available

- Requesta 30-day free trial of the sofware

Now you are ready to get started!

Current Version:9.1.3

Details & Download

b Previous Versions

- Enables the application en your PC

* Evaluare full-featured version with no functionality restrictions

Training & Events

» 5892-2702EN TAP User eLearning Program ~
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http://keysight.com/find/tap/

Getting Started

RUNNING YOUR STEP

Test Plan Control Step Settings Panel
Add, remove, run and Configure the
stop the test plan selected step

KEYSIGHT

File Settings Tools View Helr

Test Step Panel o e—
VleW the Sequence Of o estPla Repeat ~ Completed in 0.00 s
test StepS that com pl’lse StepName Verdict Duration Flow StepType

the test plan

Log Panel
View messages related
to test plan execution

Log
Sources v Search~  Filter ~ + Auto Scroll

Errors 1 [] warnings 0 [ Inforr n1 [] Debug 151

Resou rce Bar penTAP Test Automat ‘g 64-bit initialize
Configure
Instruments, DUTs
and Result Listeners

DUTs _Filter Instruments  PSU TEMP Results SQLite
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) Opertpgrsshgi-
FILE EDIT  WIEW PROJECT BUILD DEBUG TEAM TOOLS TEST AMNALYVZE WINDOW  HELP

e - PR N < - Debug - AnyCPU < oS- A& n =
g Stepes ® X
g | OpenTapPluginsMyPlugin -/ %5 OpenTap Phugins MyPlugin.Step

1 &// Author: MyName

2 // Copyright: Copyright 2019 Keysight Technologies

3/ You have a royalty-free right to use, modify, reproduce and distribute
4 1 the sample application files (and/or any modified version) in any way
5 /" you find useful, provided that you agree that Keysight Technologies has no
6 1" warranty, obligations or liability for any sample application files.

7 Eusing System;

8 using System.Collections.Generic;

9 using System.Ling;

18 |using System.Text;

11 using System.Componenthodel;

12

13 using OpenTap; /[ Use Platform infrastructure/core components (log,TestStep definition, etc)
14

15 e=namespace OpenTap.Plugins.MyPlugin

16

17 [Display("Step”, Group: "MyPlugin", Description: "Insert description here")]

18 B public class Step : TestStep

19 {

20 & #region Settings

21 // ToDo: Add property here for each parameter the end user should be able to change.
22 #endregion

23

PL I public Step()

25

26 // ToDo: Set default values for properties / settings.

27

28

2 B public override void Run()

30

n // ToDo: Add test case code.

32 RunChildSteps(); //If the step supports child steps.

33

34 // If no verdict is used, the verdict will default to NotSet.

35 // You can change the verdict using UpgradeVerdict() as shown below.

36 // UpgradeVerdict(Verdict.Pass);

37 }

38 ¥

39}

49

Getting Started in Visual Studio
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Using the OpenTAP SDK

- @ stepl)

W & Quick Launch (<)

GE- o-56FB k=
Seach Slusion

51 Solution ‘OpenTap.Pluging MyPlugin' (1 project)

4[] OpenTap.Plugins MyPlugin
b K Propenies
4 o References
F Analyzers
*n MicrosoftCSharp
*& Openlap
8 System

+8 System.Data.DataSetExtensions
o8 System Xml
+8 System XmiLing
&) packagemi
b oo Stepcs

siojde uonnos Jsiojdi weR]  TUBIEHION

10



Getting Started

OPENTAP PROJECT TEMPLATE FOR VISUAL

STUDIO

KEYSIGHT
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w Microsoft Visual Studic (Administrator)

File | Edit View Debug Team Tools  Test

MNew

Open

Close

Close Solution

Save Selected ltems Ctrl+5

Save Selected Items As...
W Saveall

Export Template...

Ctrl+Shift+5

Page Setup...

Print... Ctrl+P
Account Settings...

Recent Files

Recent Projects and Solutions

B Exit Alt+Fd

Analyze  Window  Help

* | {3 Project...

* | @ Web Site..
E

Team Project...

Mew Project
b Recent
4 |nstalled
4 Visual C¥ -
Get Started Eui!
Windows Desktop - -
b Web ;!qi!
NET Core -
NET Standard ﬂ%
Cloud 2
Extensibility
Test @“
WCF .l‘
b | visuslBasic = -
b Visual F# E’qi!
9 SOL Server * -
b JavaScript
b Python
b TypeScript <&

b Other Project Types

b Online @ﬁ

Not finding what you are looking for?

Open Visual Studio Installer

p (NET Framewaork)
Class LibrarngLMNET Standard)
Class Library (NET Framework)
ASP.NET Core W& Application
ASP.NET Web Applgation (.NET Framewark)
Shared Project
Class Library (Legacy fortable)
WCF Service Applicati
Azure Functions

Azure WebJob (MNET

OpenTAP Plugin

Ctrl+Shift+N
Shift+Alt+M

Visual C#

Visual C#

Visual C&

Visual C#

Visual C#

Visual C&

Visual C2

Visual C#

Visual C&

Visual C2

Visual C#

Mame: |OpenTap.Plugins.MyPlugini]

Location: CA\Projects\OpenTAP
Solution name: OpenTap.Plugins.MyPlugini

Framework: NET Framework 482 ~

? ped
Search (Ctrl+E) P -
“ Type: Visual C#
A project for creating OpenTAP plugins
using the Keysight OpenTAP SDK.
-

Browse...

Create directory for solution

[] Create new Git repositary

Cancel




Getting Started

« The OpenTAP SDK class templates provide skeleton implementation.

KEYSIGHT
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Add Mew Itermn - OpenTap.Plugins.MyPlugini

4 |nstalled

Default

4 Visual C# lterns

WPF
Code
Data
Extensibility
General
S0L Server

b Web
Windows Forms

Search Results

2227

OpenTAP DUT

OpenTAP Instrument

OpenTAP ResultListener

OpenTAP Settings

OpenTAP TestStep

Visual C# ltems

Visual CF ltems

Visual CF ltems

Visual C¥ ltems

Visual C# ltems

B Online

Mame: MyTestStepl.cs

OpenTAP

Type: Visual C¥ ltems
A new test step for OpenTAP.

Add

Cancel




Getting Started

FIRST TEST STEPS

Referencesto DLLs
OpenTAPdIl Sicpcs =

@S- -5 ¢ @R ’IEI [ OpenTap.Plugins.MyPluginl ~| #2 OpenTap.Plugins.MyPlug
-1// Author: MyName

search Solution Explorer (Ctrl+;) p- 2 // Copyright: Copyright 2819 Keysight Technologies
m Solution 'OpenTap.Plugins.MyPlugin' (1 project) 3 I You have a royalty-free right to use, modify, reproduce and distribu
4 OpenTap.Plugins.MyPlugin1 4 1 the sample application files (and/or any modified version) in any wa
- 5 1 you find useful, provided that you agree that Keysight Technologi
b K Propetties 6 I t bligati liability f 1 lication fi
4 =B References ; e e warranty, obligations or liability for any sample application file
== T J=EEly
& Analyzers 3 using System.Collections.Generic;
=8 Microsoft.CSharp g9 using System.Ling;
=8 OpenTap 1 using System.Text;
=B System using System.ComponentModel;

=-B System.Core

=B Systemn.Data using OpenTap; // Use Platform infrastructure/core components (log,TestStep definit

=-B System.Data.DataSetExtensions f . .
8 SystemXml 15 —Inamespace OpenTap.Plugins.MyPluginl
' 16
=B System.Xml.Ling . P " T s oo s Lo P .
17 [Display("Step”, Group: "MyPluginl®, Description: "Insert description here”)]
£ packagexml 13 P public class Step : TestStep
4 o Step.cs 19 {
4 St 28 t g5
Template TestStep % Sip i ettingd
. @ Step() 23
Ske|et0n TeStStep IS @ Run(): void ij -] Eubllc step()
2
|nC|uded N hew pro]ect 26 // ToDo: Set default values for properties / settings.
27 1
28
29 = public override void Run()
39 {
31 // ToDo: Add test case code.
32 RunChildSteps(); //If the step supports child steps.
33
34 // If no verdict is used, the verdict will default to NotSet.
35 /{ You can change the verdict using UpgradeVerdict() as shown below.

UpgradeVerdict(Verdict.Pass);

KEYSIGHT
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Getting Started

LOADING THE EDITOR FROM VISUAL STUDIO

Press F5 (or click Start) in Visual Studio to:

1. Compilethe code into a plugin DLL containing your TestStep
2. Move the DLLto the % TAP_PATH% location (defined by installer)

Test Plan led*

3. Start the Editor, where you can use your new plugin B e -

erdict Duration

MyPlugin1 \ Step

AE- o-5SGdBm ,E OpenTap.Plugins.MyPlugin' ~ * OpenTap.Plugins.MyP
- 1 E1// Author: MyName
Search Solution Explorer (Ctrl+; p- 2 // Copyright: Copyright 2019 Keysight Technologies
[l Solution ‘OpenTap Plugins.MyPlugini’ (1 project) 3 1 You have a royalty-free right to use, modify, reproduce and distri
‘OpenTap.Plugins. MyPlugin{ 4 the sample application files (and/or any modified version) in an:
g 5 you find useful, provided that you agree that Keysight Technologi
o— 6 1 warranty, obligations or liability for any sample application
2 g .
Analyzers .
8 Microsoft.CSharp B
=8 OpenTap 18
System 1
System.Core 12
System.Data 13 using OpenTap; // Use Platform infrastructure/core components (log,TestStep defin
System.Data DataSetExtensions “ menTen. Pluming HyPlumin,
. 1s Finamespace OpenTap.Plugins.myPlugin
B System.Xml I :

00 Srmmimng 17 Group: "MyPluginl”, Description: "Insert description here")]
I packageaml BB
4 Step.cs 19
4 *g Step 20 =l
@ Step( 23
® Run(): void 2= public step()
25 {
2 // Tobo: Set default values for properties / settings.
27 }
28
29 H public override void Run()
30
31 // ToDo: Add test case code.
32 RunChildSteps(); //If the step supports child steps.
33 Log
4 verdict is used, the verdict wi t to NotSet.
35 i/ f,;”;fj;ﬁé;th: Ed:diii :;:;(up;i;::f:ﬁt():Z::im belo [ Errors 1 [1 warnings 0 [#] Information 1 [] Debug 134 Sources ~  Search~  Filter ~  Auto Scroll
UpgradeVerdic t.Pass); 16:64:02.543 OpenTAP Test Automati i 1.3+c6196994" 64-bit initiali

DUTs Add New Instruments TEMP Resulis Add New

KEYSIGHT
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Getting Started

VISUAL STUDIO

INTERACTION

KEYSIGHT
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Settings

Engine

+ General
+ Log Panel
— Debug

Editor

Auto Attach Debugger

Show "Break at Line" Feature

Show Property Name/Type in Tooltips

Show Source Code Links v

& €* Helplink.cs
& c* LockDemo.cs

& C# BarProgress.cs

5 C# .

" B_arTracecs 11:01:39.477 TestPlan

€ BinColumn.cs 11:01:39.477 ExLstn

& C* ButtonInSettings.cs | 11:01:39.496 TestPlan

5 c* ConnectionBxample 1179139996 % :
 C# EnabledCheckBoxes| | .

aC* Enabledif.cs 11:01:39.508 TestPlan

DUTs PyDut® PyDuti® Instruments Instr® Instri® Results Log® SQLite® CSVe®

Set the Editor to activate links in the Log
that take you directly to the issue in the
code.

= “z Example.Tap.Plugi

ght: Copyright 2816 Keysight Technologies
You have a royalty-free right to use, modify, reproduce =
the sample application files (and/or any modified wversion
you find useful, provided that you agree that Keysight Te
warranty, obligations or liability for any sample applica

tem;
tem.CompoenentModel;
sight.Tap;

bn 208 v Debug 16
ExLstn Teststep "Deld e B0 .3081 milliseconds

estPlan Completed OnBreakRequested for "ThrowsAbortException" in NotSet [5@ ms]

eysight.Tap.TestSt t s.DoRu ep Step,

"ThrowsAbortException" completed with verdict 'Aborted'.

Search v . Filter v . Auto Scroll

“ThrowsAbortException” started.
TestStep "ThrowsAbortException” started
Stopping TestPlan. I forced abort ?

& C* LogMessages.cs
& 0% MacroPath.cs

& €% NamingAndOrderingAttribu
& €% PublishExamples.cs

+ €* Rangelnput.cs

& C* Settingsintro.cs

& €* SettingsRetrieval.cs

& c* SetVerdict.cs

v W W W VW VW W W W W W W W W W W

P @ ThrowsAbortException.cs

FoUTECrermoes

P aliis

Global Selution History

/ Any exception will result in

100 % -
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DUT Plugins m—r —
— L BSTDUT

PADUT

Test Step Plugins

| 13
Measu re

SUVESICON e

Measure
Power Step

Test Steps

Instrument Plugins

SA

PSU
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.
i 4

User Interfaces

~

——
CLI I
-

I

Result Listeners

PathWave
Automation Engine

ODOﬂTﬂD

W
Text Log I

DB Storage I

Engine

3
CSV File I

Using the OpenTAP SDK 16




Test Steps

SDK SKELETON

« A TestStep is created by inheriting from OpenTap.TestStep or implementing OpenTap.ITestStep.

 TestStep skeleton:

Search...

[Display("Step", Group: “OpenTap Playground", Description: "This is a dummy step.")] » Basic Steps
public class Step : TestStep » Demo
{ i ; Examples
#region Settings » Examples
// ToDo: Add property here for each parameter the end user can change 3 Flow Control
#endregion
» OpenTAP Playground
public Step() Step
{
// ToDo: Set default values here
}
public override void Run()
{
// ToDo: Add test case code here
}

This is a dummy step

KEYSIGHT
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Test Steps

* PrePlanRun: Optionally add any setup code. This method executes before the TestPlan starts.
* Run: Add test case code here. Typical actions:

e Set up DUT

e Set up Instrument

* Perform Measurments

* Publish Results

* Determine and Set Verdict

* PostPlanRun: Optionally add any cleanup code. This method executes after the TestPlan has
finished.

KEYSIGHT
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Test Steps

EXECUTION

Example
Testplan

TestPlan
Execution
Order

KEYSIGHT

TECHNOLOGIES

Untitled *
Step: -+ TestPlan: & [> [ Repeat ~

Step Name Verdict Duration ow Step Type

-:Zjl'jl [¥] stepl Basic Steps \ Delay

() [¥] Step2 Basic Steps \ Delay
() [] step3 Basic Steps \ Delay

Note reverse order:
Execution Order
Call PrePlanRun for every step (1,2,3)
Call Run for every step (1,2,3)
Call PostPlanRun for every step (3,2,1)

Completed in 0.00 5

Purpose
Setup/Initialization
Run (logic)

Cleanup



Test Steps

EXECUTION: HIERARCHIES AND CHILD STEPS

« ATest plan contains a list of test steps. Some test steps can have children.

KEYSIGHT

File Settings

step: |

Step Name

i| [¥] Parentl
D[ childt
O[F childz
() [¥] Parent2

KEYSIGHT
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Tools View

Test Steps with Child Steps

Test Plan: o

Verdict Duwration

Test Plan Execution Order

Help

Order Step Method

1 Parentl PrePlanRun()
2 Child1 PrePlanRun()

3 Child2 PrePlanRun()
4 Parent2 PrePlanRun()

5 Parentl Run()

6 Child1 Run()

7 Child2 Run()

8 Parent2 Run()

9 Parent2 PostPlanRun()
10 Child2 PostPlanRun()
11 Child1 PostPlanRun()
12 Parentl PostPlanRun()




Test Steps

HIERARCHIES AND CHILD STEPS

« A child TestStep is an ordinary step that is allowed to be inserted as a child of another step.
Three attributes enable this:

[AllowAsChildIn()]
Specifies the type of TestStep that can be a
parent to this step.

Add multiples of this attribute to allow the step to
be a child of multiple types of parent TestSteps.

[AllowAnyChild]

Specifies that this step can be a parent to any
ordinary TestStep.

[AllowChildrenOfType()]

Specifies that this step can be a parent only of
TestSteps of a certain type or that implement a
certain interface.

[Display(“MyChildTestStepl®, Group: “Demo”)]
[AllowAsChildIn(typeof(Step))]

public class MyChildTestStepl : TestStep

{

public override void Run()

{
Step = parent = (Step)this.Parent;
int channel = parent.TxChannel;
/] ...

}

« Child TestSteps can access their parent TestStep by using the
TestStep.Parent property or the TestStep.GetParent<>() method.

KEYSIGHT
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Test Steps

SETTINGS

* Public properties are automatically reflected in Editor
« Settings are automatically loaded and saved when the TestPlan is loaded/saved

« Settings can be grouped and ordered
[Display("Step", Group: “OpenTap Playground", Description: "This is a dummy step.")]

public class Step : TestStep

{

[Display("Some Instrument"”, Group: "Instruments", Description: "Dummy instrument.")]
public Instrument SomeInstrument { get; set; }

[Display("Some Integer", Group: "Settings", Order: 2)]
public int SomeInteger { get; set; }

[Display("Magical Numbers", Group: "Settings", Order: 3)]
public int[] MagicalNumberArray { get; set; }

KEYSIGHT

File Settings Tools View Help
Step Settings

» Instruments

Repeat ~ Completed in 0.00 s
Some Instrument ~ SCPI (TCPIP0::156.140.90.174:in

Step: + Test Plan; e

Step Name Verdict Duration Step Type

'ifl' [+] step OpenTAP Playground \ Step Some In.Teger 2

Magical Numbers | 2, 8,10

» Common

KEYSIGHT
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Test Steps

Values Logic

« NotSet (0): No verdict was set  Each TeStStep has a verdict

» Pass (10): Testpassed _
» UpgradeVerdict takes the max

* Inconclusive (20): Testhad an inconclusive result.
of new value and current value

+ Fail (30): Testfailed
- Aborted (40): Test was aborted » TestPlan verdict is the max of

« Error (50): Testfailed due to an exception all TeStStep verdicts

or other procedural error (for example, no instrument/DUT
connection).

Example of Setting Verdict

if(value < minLimit || value > maxLimit)
UpgradeVerdict(Verdict.Fail);

else
UpgradeVerdict(Verdict.Pass);

KEYSIGHT
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Test Steps

* OpenTAP provides logging for severity and timing

Log.Info("Info level messages can be used for progress log messages.");
Log.Debug( "Debug level messages can be used for more intense logging.");
Log.Warning("Warning level messages can be used to indicate issues.");
Log.Error("Error level messages can be used for critical errors.");

Errors 1 [¥] Warnings 1 [#] Information 14  [] Debug 3 Sources *  Search = Filter =  Auto Scroll

Stopwatch sw = Stopwatch.StartNew();
TapThread.Sleep(100);
Log.Info(sw, "Some useful Info.");

sw = Stopwatch.StartNew();
TapThread.Sleep(200);
Log.Debug(sw, "Some useful Debug.");

uUTs Add New Instruments TEMP SCPI Resulis Add New

KEYSIGHT
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Test Steps

TRACEBAR

« Example that shows a simple value versus limits, with limit checking

// Tracebar can be used to show results in the MylLog.

var traceBar = new TraceBar(); Toq

traceBar.LowerLimit = -3.0;

for (var i = -2; i < 11; i++) [+] Errors O [+] Warnings 0 [+] Information 25  [/] Debug 1

{ T
traceBar.UpperLimit =i < 5 ? 3 : 15; T = E
// GetBar returns a string with value, low limit, a dashed line I '; i
// indicating magnitude, the upper limit, and (if failing), a fail indicator. T 1 3
string temp = traceBar.GetBar(i); I = :
Log.Info("MyResult: " + temp); - A :
TapThread.Sleep(200); i 5

} T 6

// Sample output shown below. I ;

// MyResult: 2.00 - 3-----commommaa oo oo 3 T g

//  MyResult: 3.00 - 3--------mommmmemeeeeeo oo | 3 ! e

//  MyResult: 4.00 - 3-----------------------—---—-—--- > 3 Fail -

//  MyResult: 5.00 - 3-----------n -] —--eeoeoe----_-15

// MyResult: 6.00 - 3-----------ooo —| —comoeooeooo - 15

// TraceBar remembers if any results failed, so it can be used for the verdict.
UpgradeVerdict(traceBar.CombinedVerdict);

KEYSIGHT
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Test Steps

[Display("RuleValidation Example", Groups: new[] { "Examples", "Plugin Development", "Step Settings" },
Description: "An example of how validation works.")]

// Validation works for ComponentSettings, Resources (DUTs, Instruments, and ResultlListeners) and Test Steps,

// since they all extend ValidatingObject.

public class RuleValidation : TestStep

{

[Display("Should Be True Property", Description: "This value should be true to pass validation.")]
public bool ShouldBeTrueProp { get; set; }

public int MyIntl { get; set; }
public int MyInt2 { get; set; }

public RuleValidation()

{
// Validation occurs during the constructor. When using the GUI, validation will occur upon
// editing. When using the engine without the GUI, validation occurs upon loading the test plan. Myint 2
// Calls a function that returns a boolean. Myint2 4
Rules.Add(CheckShouldBeTrueFunc, "Must be true to run", "ShouldBeTrueProp"); Should Be True Property []
// Calls an anonymous function that returns a boolean. 3 Common
Rules.Add(() => MyIntl + MyInt2 == 6, "MyIntl + MyInt2 must == 6", "MyIntl", "MyInt2"); . N
// Ensure all rules fail.
ShouldBeTrueProp = false;
MyIntl = 2;
MyInt2 = 2;
}
private bool CheckShouldBeTrueFunc()
{
return ShouldBeTrueProp;
}
KEYSIGHT
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DUT Plugins — —

— m— BSTDUT |

PA DUT \

| Result Listeners

Resources |

| [ [
- A
Instrument Plugins

: CSV File \ —
| DB Storage \

KEYSIGHT Using the OpenTAP SDK
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Resources

ELEMENTS COMMON TO RESOURCES

* Open: Called before the TestPlan execution starts
« Closed: Called when the TestPlan execution ends
* IsConnected: Indicates of connection status (Boolean)

* OnActivity: Raises activity event for use by GUI

* Log: Writes progress, debug, error and timing messages

KEYSIGHT
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Measure
EVM Step

BSTDUT

Measure
Power Step

Using the OpenTAP SDK

CLI

[

Operator

[ 1 [ 1
CSV File

Text Log

DB Storage
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DUT

OVERVIEW

 ADUT is created by either:
 Inheriting from OpenTap.Dut or

* Implementing OpenTap. IDut

KEYSIGHT

TECHNOLOGIES

[Display("ExampleDut", Group: "MyPluginil",

Description: "Example DUT.")]

[ShortName("MyDUT")]
public class ExampleDut : Dut

{

// Initializes a new instance of this DUT class.

Pubtic Bxanplebut( Open() is called before the
// ToDo: Set default values for properties / settings. Testplan execution starts
}

// Opens a connection to the DUT
public override void Open() .
{ Close() is called when the

base.Open(); // Sets IsConnected = true;

} TestPlan execution ends

// Closes the connection to the DUT
public override void Close() 4*
{

}

base.Close(); // Sets IsConnected = false;



DUT

* Properties on the DUT class becomes settings the end user can chanage.

[Display("FourPortDut®,
Groups: new[] { "Examples”, "Plugin Development"}, Profile: | Default
Description: "A four port DUT. ")]
public class FourPortDut : Dut .
{
Four Port DUT
[Display("MyString", Group: "DutExtemsigns")] FourPortDut
publfic string MyString { get; set; } v+ DutExtensions
[Disflay("MyDouble", Group: "DutExtensions")] “ MyDoudle |0
publilc double MyDouble { get; set; } MyString | A String

v Common
1D 1D123456

Comment | Some Comment

» Example Plugin

v Plugin Development
v Connections

Four Port DUT

Cancel

KEYSIGHT
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DUT

USAGE IN TESTSTEP

» Add the DUT to the TestStep class to use the DUT In the step as well as automatic config when the
TestStep is loaded from xml

[Display("TestStepUsingDut", Group: "PluginDevelopment")]
public class TestStepUsingDut : TestStep

{

Profile: | Default

#region Settings

[Display("DUT")] : :
public FourPortDut Dut { get; set; } FourFortbut

#endregion

Four Port DUT

FourPortDut1 v DutExtensions

MyDouble |0
MyString | A String
v Commaon

ID ID123456

Comment | Some Comment

KEYSIGHT

File Settings Tools View Help Example Menu

TestPlan L

Step: | Test Plan: . [ Completed in 0.00 s SimDut FourPortDut

r Siminstrument
Step Name Step Type m v L
" » Common
O [¥] connection Usage Examples \ Plugin Development \ InstrumentsAndDuts \ Connection Us FourPortDut1
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Instruments

OVERVIEW

* An Instrument is created by either:
* Inheriting from OpenTap.Instrument

* Implementing OpenTap.IInstrument

[Display("Simple Instrument”, Profile: | Default il ] A B
Groups: new[] { "Examples", "Plugin Development" })]

public class SimpleInstrument : Instrument

{

Instruments

[VisaAddress]
public string VisaAddress { get; set; }

Simple Instrument

Simplelnst
[Display("Some property")] Some property | SomelnitialValue

bli tri S P t t; t; .
public string SomeProperty { get; set; } Address | TCPIPO::156.140.90.174-inst0-INSTR
public SimpleInstrument()

{
Name = “SimpleInst”;
}
public override void Open()
{
base.Open();
}
public override void Close()
{
base.Close();
}
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Instruments

SCPI INSTRUMENTS

A SCPI-based Instrument (adds scpi functionality
using VISA from Keysight 1O Libraries) is created by:
* Inheriting from OpenTap.ScpiInstrument

KEYSIGHT

TECHNOLOGIES

[Display("Simple Scpi Instrument"”,

Groups: new[] { "Examples", "Plugin Development" })]

public class SimpleScpiInstrument : Scpilnstrument

{

[VisaAddress]
public string VisaAddress { get; set; }

[Display("Some property")]
public string SomeProperty { get; set; }

public SimpleScpiInstrument ()

{

Name = “SimpleScpiInst®;
}
public override void Open()
{

base.Open();
}
public override void Close()
{

base.Close();
}
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Result Listeners

OVERVIEW

* A Result Listener plugin is created by either:
* Inheriting from OpenTap.ResultListener or

* Implementing OpenTap.IResultListener

[Display("MyResultListenerli™)]
public class MyResultlListener : ResultlListener

{

// Add resource open code.
public override void Open() { base.Open(); }

// Add resource close code.
public override void Close() { base.Close(); }

// Add handling code for test plan run start.
public override void OnTestPlanRunStart(TestPlanRun planRun) { }

// Add handling code for test step run start.
public override void OnTestStepRunStart(TestStepRun stepRun) { }

// Add handling code for result data.
public override void OnResultPublished(Guid stepRun, ResultTable

OnActivity();
}

// Add handling code for test step run completed.
public override void OnTestStepRunCompleted(TestStepRun stepRun)

// Add handling for test plan run completed.
public override void OnTestPlanRunCompleted(TestPlanRun planRun,

result)

{13

Stream logStream) { }
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Plugin Packaging

« Each plugin is a .NET class. One .NET assembly (DLL) can contain several plugins.

Customer.Plugins.dll OpenTap.Plugin.Instruments.dll

Customer TestStep - SA

— Customer DUT PSU

 Plugins are distributed in packages (.TapPackage files). These packages can contain one of more
DLLs and other required files (such as waveforms).

Customer.Solution.TapPackage

— - Customer.Plugins.dll _OpenTap.Plugins.Instruments.dll Waveforms

Customer TestSteps + DUT i‘ Customer SA + PSU

.TapPackage files can be opened like zip files when renamed to .zip.
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Plugin Packaging

* OpenTAP Packages are defined in Package.xml.

» Package.xmlis included in projects generated using SDK.

Package
version

<?xml version="1.0" encoding="UTF-8"?>

<Package Name="Demonstration" xmlns="http://opentap.io/schemas/packages" Version=“2.1.3" Configuration="$(GitBranch)">
= <Description>
This is a demonstration plugin package.
<Status>Released</Status>

Package <Organization>Keysight Technologies</Organization>

.t = <Contacts>tap.support@keysight.com</Contacts>

Descri ptlon <Prerequisites>None</Prerequisites>
<Hardware>Emulated PSU</Hardware>
<Links>http://www.keysight.com/find/TAP</Links>
= </Description>

<Files> =
<File Path=“OpenTap.Plugins.Demo.Battery.d11"/>
<File Path=" OpenTap.Plugins.Demo.ResultsAndTiming.d11"/>
<File Path="Samplelog.txt" /> - Included
<File Path="DataGenForResultsViewer.TapPlan"/> Files
<File Path="DataGenForTimingAnalysis.TapPlan"/>

</Files>

</Package> -
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Plugin Packaging

* Packages are installed and removed with Package Manager

KEYSIGHT

Settings

Packages OpenTAP

9.1.3+ce100004 (Installed)
Name Instal

Editor
T Description

OpenTA
OpenTAP contains the core components of the software. It controls test plan (list
of test steps) execution and provides access to functionality offered by the
plugins. This covers logging functionality, result handling (database) and
instrument communication (user-developed hardware drivers, for example).
OpenTAP also includes a CLI and a plugin manager that finds and handles plugins
(test steps, DUT and Instrument interfaces, etc.).

Status
Released

{eysight Fixed Licensing Organisation

ht Floating Lice Keysight Technologies
Packages can also be
managed from the command line using

tap.exe package

MxgExample
PathWaveTestResultLi

PathWaveTest ettings
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OpenTAP Results System

1. End user configures which Result

Listeners to use:
« Text Log

« CSV File

* PostgreSQL

* SQLite Database

* Custom ResultListener Plugin

2. TestStep stores results using generic API

3. ResultListeners receives results

— —
CSV File

DB Storage
KEYSIGHT
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OpenTAP Results System

* OpenTAP provides four ways to publish results

Method Name General Use Scope
Publish<T>(T result) For a type T, publishes all the public scalar properties as a Single Row
single row with N column:

* Names of the properties become the column names

* Values become the row values
Publish<T>(string name, T Similar to the above, but assigns a unique name to the table SingleRow
result) name.
Publish(string name, Publishes a row of data with N column names and N values. SingleRow
List<string> columnNames, The number of columnNames must match the number of size
PublishTable(string name, Publishes N rows of data: N Rows

List<string>columnNames,
params Array[] results)

* The columnNames parameter defines the Column Names.

* The columnData parameter is an array of data, with N
columns and M rows.

Can be called repeatedly to fill up a table.

KEYSIGHT
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OpenTAP Results System

 Publishing results in a TestStep using PublishTable().

KEYSIGHT
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// Generate data/limits to be stored.

int[] xValues = new int[PointCount];

double[] yValues = new double[PointCount];
double[] yLimitHigh = new double[PointCount];
double[] yLimitLow = new double[PointCount];

for (var i = @; i < PointCount; i++)

{
xValues[i] = 10 * i;
yValues[i] = Math.Sin(i * 2 * Math.PI / PointCount);
yLimitHigh[i] = yValues[i] + ©0.1;
yLimitLow[i] = yValues[i] - ©.2;
}

// Store results.
Results.PublishTable("X versus Y",

new List<string> { "X Values", "Y Values", "High Limit"

xValues, yValues,
yLimitHigh, yLimitLow);

, "Low Limit" 1},




OpenTAP Results System

 ResultListeners receive results:

public class MyResultlListener : ResultListener
{
// Called on test plan run start.
public override void OnTestPlanRunStart(TestPlanRun planRun) { }
// Called on a test step is started.
public override void OnTestStepRunStart(TestStepRun stepRun) { }
// Called when a result is received.
public override void OnResultPublished(Guid stepRun, ResultTable result) { }
// Called when a test step is completed. At this point no more result will be sent to
// the result listener for this test step run.
public override void OnTestStepRunCompleted(TestStepRun stepRun) { }
// Called when test plan finishes.
public override void OnTestPlanRunCompleted(TestPlanRun planRun, Stream logStream) { }
}
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OpenTAP Results System

OpenTAP includes ResultListener Plugins for storing results in various ways.
« TextLogFile

« Allows the text log to be saved separately for each run
*  File names support macros (for example, to include pass/fail or IMEVESN)
« CSVFile
* Large ‘pivot’-style table is saved as CSV
* Allows easy post-processing/presentation, such as in Microsoft Excel
+ Can be modified to create customer-specific CSV Result types
« SQLite Database
« Ultra lightweight database based on SQLite
* During test plan run, automatically stores the test plan and all settings so that all test step results can be tracked back to the specific test plan

* The lightweight database can be replaced by other production-grade or enterprise-grade storage solutions if needed (using ADO.NET data provider model)
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TECHNOLOGIES



OpenTAP Results System

* The end user configures active ResultListeners.

Configured
Result Results
Listeners Result
Text Log .
Listener
File Path Results/<Date>—<Verdict=_txt . Settin gs

Filter Options | Debug | Information | Warning | Error
+  Debug

Add and Remove
ResultListeners

v Information

+  Wamning

Error

Cancel

KEYSIGHT
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OpenTAP Results System

WRITING YOUR OWN SQL BASED RESULTLISTENER

* Why: You have your own dialect of SQL, but want ResultViewer support.
« Schema published in %TAP_PATH\Packages\SDK\OpenTAP Developer Guide.pdf

_ Attachment v

AttachmentiD INT
:] TestRun2Attachment ¥
Name TEXT

©RuniD INT

AttachmentType TEXT |44 — — —}
< AttachmentID INT

Data LONGELOE

Checksum VARCHAR{40) . ] _meta v Use thls SChema tO Save

¥
> id INT
[ i R It
} > schemaVersion INT eS U S
»
| « Testpl
| estplan
| .
 Sett
| etings
|
. - L
. 0gs
"] params v
_ TestRun v
ParamID INT "] TestRun2Params ¥ —
RunlD INT |
GroupName VARCHAR(50) < RunlD INT +—
Name VARCHAR(SD) —j< © ParamID INT ?Plenfunto INT 4‘
» Name ——— aram ——— — o
< ParentRuniD INT | T PlanRun ¥ _ Limitsets ¥
velue TEXT Scope INT -
ParamsHash VARCHAR(40) PlanRunNumber INT |OLmisem 17 |
Type INT > ——— :
= Lo < RuniD INT F
T L |
‘ \
‘ I
‘ I
‘ 1
! 3
Limits v
:] ResultType ¥ | |
| LimifiD INT
ResultTypelD INT |
o Name TEXT | < Limitsetl INT
DimD VARGHAR(S0) Jl_ ] Result X ResultType VARCHAR(50)
im
ST I A ResUliD INT Result Y ARCHAR(50)
imType
w ] ResultSeries ¥  ResultSeriesiD INT LowerLim it FLOAT
Dim 1 VARCHAR(50
0 ResultSeriesID INT DimQ VARCHAR(50) UpperL mit FLOAT
DimTypel INT
b — ———i< PResUtTypelD INT  H— — —— — — — — 1< © Dim 1 VARCHAR(50) Conditiond VARCHAR(S0)
Dim2 VARCHAR(50
(0 & RuniD INT Dim2 VARCHAR(50) ConditionOLawer FLOAT
DimTipe2 INT > Dim3 VARCHAR(50)
Dim3 VARGHAR(S0) Condition0Upper FLOAT
R Dim4 VARCHAR(50) Condition 1 VARCHAR{50)
imType
Dimé VARCHAR(S0) " Condition LLower FLOAT
) Condition 1Uipper FLOAT
DimTyped INT
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OpenTAP Results System

VIEWING RESULTS

KEYSIGHT

File Settings Tools View Help Example Menu

Test Plan: Repeat ~

* Results, logs and
metadata are stored to Result Listeners during
TestPlan execution.

Flow

[7] Sweep Loop (Range)
[] Set Temperature
[4] Charge

()[4 Discharge

O[# Rating 110us

« Results Publishing happens on separate threads
to not affect execution time

« Multiple Result Listeners can be written to in
parallel

[#] Errors 0

[#] Warnings 0 [ Information 147 [/] Debug9

9
"]

DUTs Add New Example Component Settings Add New Instruments PSU

KEYSIGHT
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Completed in 25.5 s

Resulis Log

SQLite

Step Settings
~ Inputs
Charge Time Charge Time from Charge

Discharge Time Discharge Time from Discharge

~ Limits

Rating Best

Rating Better

Total Charge and Discharge Time  7.3932191999999% s

Sources ~  Search ~

Filter ~

Auto Scroll
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Viewing Results

TEST PLAN RUN EXPLORER

» TheTest Plan Run Explorer gives users an overview of all TestPlan runs in a session.

TestPlan runs are displayed with

» Users can: Run ID, plan name, verdictand

: : optional user-defined tags
Open a TestPlan in the Editor - °

Sources TestPlan Resulis Settings

View results in the Result Viewer

R =B Show: Runs

Export rESUItS Run ID tlame - Duration Test Plan.Hash . Verdict Tags
Compare logs from differens runsjg
Search all runs

Apply limits to runs

1 item selected out of 18 items shown.
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Viewing Results

RESULTS VIEWER

» Users can view results in different ways with Results Viewer.

KEYSIGHT

File Templaie Settings
Chart Settings
Chart Type
Title
Power Supply Charge Current=10 Subtitle:
Sample Number: 8 Dark Theme =
Voltage: 3.87
DateTime X-Axis [ ]
v Legend
Add Axis Name [ ]
Placement Inside
Position Botton Right
Show #
v Series
Result Name | Charge
T split Charge Current
Add a Modifier

v Cha

X-Axis Sample Number
Y-Axis (Left) Voltage

Y-Axis (Left) Select Data
Y-Axis (Right) Select Data
Show Limits:

arge Current=5
arge Current=10

15
Sample Number

Zoom: 100%
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Viewing Results

TIMING ANALYZER

« Timing Analyzer results are based on log files. How does it get them?

KEYSIGHT

In Timing Analyzer, open the log

File View )
from the File menu

Open Log File(s)...
KEYSIGHT Test Plan Run Explorer - SQLite (SqliteDatabase.TapResulis)

Compare With Log File(s)... S
OOpMRENAI Sources TestPlan Results Settings

Sa ile I—=—
= jrunsfini Y -~ B Show: Runs v o[

3

Exit EEPLOS pin D Name Analyze log(s). Duration Test Plan.Hash Verdict

Jischarge 7 '019-D6 1 3:2 24 44 0.12 LT o ] '.f:'-,:ll:iurfed

[+] Errors 0 [+] Warnings 0 [+] Information 14  [~] Debug 6

In Test Plan run

In the GUI, right-click _ 1 souit e opened: Fi6TORS] Explorer, click
in the Log panel and : stz - [49.4 us] Analyze log(s)
select Analyze : ; ]

Session Log : 3 Sumar Open Sessicn Log

Open Session Loy Folder I

Analyze Session Log

Resource "SQLite (SqliteDatabase.TapRes
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Extending TAP
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