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Overview JMeter for ThingWorx

Overview

Apache JMeter is an open-source tool designed for load testing and measuring the
performance of a web application. JMeter has a wide range of features to facilitate this testing,
including support for a variety of server and protocol types, a full-featured testing IDE with the
ability to record the test steps from both a browser or a native application, and built-in
debugging tools. Information about JMeter can be found on Apache's website.

Working with JMeter is not always intuitive, but it also isn't that much harder than regular
software development. Take some time to explore the official Apache JMeter Documentation
and figure out where things go and how to mechanically make use of the JMeter IDE. Then step
through this guide to create a basic test that logins to ThingWorx, accesses a mashup, and clicks
on a few widgets.

Then, continue on in this guide to make that simple project more complex, working towards a
better representation of a real load test. Note that the screenshots do appear a little differently
in later sections because a new “Look and Feel" was selected for the JMeter application
(switched from “Metal’ to “Windows Classic") to provide more readable screenshots. There are
sections on creating and configuring thread groups, as well as parametrizing the procedures
defined by each thread group.

Running JMeter to the scale required by most customers is something that demands additional
considerations. At scale, a test may need to simulate thousands of users, which will require more
than just one JMeter client be set-up on one or many hosts, as shown in the section on
distributed testing.

Finally, learn how to push the limits of an application with your load testing, as well as how to
generate and analyze the reports once the testing completes. Multiple criteria can be used to
evaluate results, including: response time (as monitored both by JMeter, and by some other tool
on the system side), throughput, number of errors, resource saturation, CPU, Memory, disk, and
network utilization.

Depending on use case, some of these may be considered more important than others. For
instance, some customers don't care if users wait a while for results to appear on the page
(response time), because they set their users' expectations and mitigate the experience with
well-designed loading graphics. With response times secondary, the real issues center around
data loss or system outages, with resource utilization and number of errors becoming the more
important indicators of system health. Request and database timeout errors are more important
indicators, as they occur most often when resources are saturated and there is data loss.

It is typical for many customers to find preventing data loss and/or promoting data integrity to
be more important than preventing long response times. Consider which of these factors is most
important to your use case as you determine what kind of information to gather and review in
your reports.

This guide is a comprehensive, but relatively basic guide to JMeter. Anyone should be able to
perform enterprise-level load testing after reviewing the content here, but further reading and
development may also be required depending on the needs and complexities of any individual
application.
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Getting Started With JMeter

JMeter is not a PTC owned tool, but rather Apache. Download it from Apache's website, as
shown in the tutorial below.

Tutorial: Downloading and Installing JMeter

1. Download JMeter from Apache's website.

Apache JMeter 5.3 (Requires Java 8+)

Binaries

apache-jmeter-5.3.tgz sha512 pap
apache-jmeter-5.3.zip sha512 pap

Source

apache-jmeter-5.3_src.tgz sha512 pgp
apache-jmeter-5.3_src.zip sha512 pgp

2. Unpack the archive and copy the files to a desired location.

3. Run the application by double clicking on the “ApacheJMeter jar" file within the bin
directory.

4. JMeter is now installed and ready to use.
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Getting Started With JMeter

Tutorial: Creating a Test

1. Setup a proxy in your browser of choice (or on the OS in settings).

Settings

@

Home

Find

d a setting

Network & Internet

=

—

o)

Status

Ethernet

Dial-up

VPN

Data usage

Proxy

uLn Lappy W

Automatically

@ o

VIV LONNECUUTS.

detect settings

Use setup script

@D o

Script address

Manual proxy setup

Use a proxy server for Ethernet or Wi-Fi connections. These settings

don’t apply to

VPN connections.

Use a proxy server

@ o~

Address

localhost

Use the proxy server except for addresses that start with the following
entries. Use semicolons () to separate entries.

Port
8080

D Don't use the proxy server for local (intranet) addresses

Coe

JMeter for ThingWorx

Make Windows better

Give us feedback

2. Select the green “templates” icon in JMeter, and then select “Recording” for the
template.
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5.

6.

7.

8.

Configure the recording template to point towards your Thing\Worx Navigate or
Foundation server, then click “Create”.

Hit “Start" under the "HTTP(S) Test Script Recorder” tab of the new JMeter project. Make
sure the port is set correctly under Global Settings.

4 Apache IMeter (53) - m] X

A pop-up box will appear that always stays visible on top of the active browser window,
so that the recording can be controlled and stopped at any time. Leave the “Transaction
name" field empty so that each transaction recorded by the software is automatically
named after the web request (this helps differentiate one from the other, and they can
each be renamed later).

Open your browser, and navigate (via direct URL if possible, to keep things simple) to the
mashup you wish to test. Login and let the page load.

Click on anything you'd like on the mashup to capture, the activity of that test.

Then click “Stop” on the pop-up recorder window to stop the recording.
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9.

Each transaction will be assigned an index as well, and the source code behind each of
these transactions can be reviewed and manually modified in the main JMeter window.
Here is the login request for instance:

{ Apache Meter (52) - o X

HTTP Authorization Manager

10. The HTTP Authorization Manager is used to automatically authorize a defined user login

11

12.

for the thread to any of the Base URLs listed. In this case, though, there are two separate
servers being accessed during the test, and one may need to be added manually:

HTTP Authorization Manager

,
A

Save the project before continuing,
as manual modifications are next.

Within the task page as you do the
recording, a set of parameters or
body data will be recorded.
Modifying this is how you want to
parametrize the test scenario,
variables like the username and
password. To simulate logging in
as other users, you have to
parameterize this, and not rely on
the administrator account name
and password entered into the
browser.
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£ Apache Metes (52)

HTTP Request

.

.,,.,
v v

IR AR 'G/././.,.

LHa

e e e e e e L

13. Rename the task controller to *“MyTasks" or something more easily identified than the
long string it has now:

£ Test_Plan_UserScalability With_CRTask jmx (C:\apache-jmetes-5.2\nav_scripts\ Test_ Plan_UserScalability_With_CRTask.jmx) - Apache IMeter (5.2)

/

°

<

Transaction Controller

-

FHIBQAAAT

.
g &

vyYyvw

yvv

YYVYYY

.
v
-

x

NSNS
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14. Some recorded items like static images and stylesheets will be non-essential, things the
browser processes for better graphical representation, but which are often cached and
do not greatly affect the scalability results of the test. These can be highlighted and

disabled all at once:

> u '

Potential

e CRB Review

e CRB Review Potential

rch

15. Also ensure that any cascading stylesheets have been
disabled.

16. Enable the "View Results Tree" to ensure you can Online
review the results of the test script during the editing
phase. However, this “Listener” element has a high
memory footprint during test execution, so it should be
disabled before running an actual scale test.

17. Next we need to parametrize the user login information
and pull it from a csv file.

£ thingworc_example jmx (C:\Users\scpedmin\Documents\thingwon:_example.jmx) - Apache IMeter (5.2) - o X

The colon means that “Administrator” is the default user to use for login.
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18. You can add other properties as well, like ramp up time, run time, number of users, and
protocols to use.

The ramp up time determines how quickly the threads are allocated for the test, which if
done slowly enough, prevents the thundering herd scenario.

19. In more complex scenarios, logic controllers can be inserted to control the flow of the
test. This allows for options such as if-then conditions for different user permissions, or
parameter-based routes for better randomization of actions in different threads. This is
mentioned in more detail in Appendix |.

Thread Group
>

vy
7

YyYYyYTYTVwVy

il [ [ '[N [ POSTTE

20. Pre- and Post-Processors can be used as well, with the latter being used here much
more than the former, to extract information from the response, in order to then use that
as part of the variables going into one of the follow up requests.
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Thread Group

.

LS

»

Wy b

v v v v L 4
il |11 [ BN | PO
» Fa T AT

L

L

e script in this image:
HTTP Request

>/

YyYvy

vyYy

>/
> /
>/
>/
-
>/
>/
/
>/
>/
>/
v/
g
‘g

This one has a variable that it extracts from the object number property, defined in the
CSV file, and converts it into another variable that is used in subsequent scripts.
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.
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v
>/
v
v/
£
\
>/
v/

JMeter for ThingWorx

This script uses the object number reference to
pull the name out of the body data and make the
request, which is then post-processed by a
bunch of these extractors. One is a JSON
extractor which is trying to get an ID out of the
JSON response. There is a regular expression
extractor and a bean shell post-processor, which
populates some variables based on what it
responded with. Once it extracts all of the
variables from the response to this particular
request (GetSearchResults in this case), it then
tailors the additional requests based on these.

21. Customize the script according to the needs of your own application. Alternate between
recording and manually modifying the recording code to ensure the test performs
exactly as required and from the perspective of different users with different
permissions. Also vary the type of activity performed on the mashup.

22. Highlight the "View Results Tree" tab and click the green start button at the top of the
window to see the results appear.

£ thingwor_exsmplejmx (C:\Users\scpadmin\ Docus \gwors_example jmx) - Apache Metes

23. If you are getting an unauthorized message, ensure that the scope is right for the login
information, which may require moving the "HTTP Authentication Manager" component
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around in the project. Be sure to check the URLs and credentials entered for each type
of user.

Occasionally the recorder will insert a long authentication string into the URL, and you
want to manually set the URL for the credentials to the most generic URL possible for
the server.

HTTP Authorization Manager

This can be parametrized too:

HTTP Authorization Manager

Referencing the CSV file defined here:

£ Nevigete 8.5from1.8_nonSSO.jmx (C:\spache-jmetes-5.2\nav_scripts\Navigate_8.5from1.8_nonSS0.jmx) - Apache JMeter (3.2) - a] X

.
et [ [ [ [ N [ P4
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Which looks like this for a more complicated scenario (mentioned in Appendix D):

| Chapache-jmeter-5.2\nav_senpts\users8S.csv - Notepade [Admimistrator]

Fle Edt [Jerch View Encoding Language Settings Tools Macro Run Plugins Window ?
HG s dDD/2e/ ot ¢ = 2| SV EDMEE ®@E

Normal text file length : 61,843 lines: 1,010 Ln:10 Col:54 Sel:11]1 Windows (CRLF)  UTF-8
-

The columns here represent the username, password, object number in Windchill, and
object name in Windchill, as well as the wait time used to vary the way the logic is
executed and some extra variables which differentiate for the switches what to do to
create a more varied and realistic test.

Following these steps again and again on the various mashups throughout an application can
ensure that a script for each web page and each type of user on each web page is created and
added to the testing suite. This results in a load test that is perfectly representative of the real-
world user load placed on an application.
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Within JMeter, thread groups are used to organize the HTTP requests in a test into various
processes or procedures, such that different mashups (and all of the HTTP requests required on
each) or processes can be executed simultaneously by different thread groups throughout the
test. Varying the number of threads in a group is how to vary the number of users accessing that
mashup during the test, a number which increases over time in accordance with the ramp up
time. The thread group name will also show up in the Summary Report tab at the end of the test,
making it easier to parse through and graph the results.

Tutorial: Adding More Thread Groups

1. Start by

- o x
renaming the AT~ 0
exi St| ng 2 i%:“:{gz%‘ :’:3" 5;:‘:“*
thread e [—
. Action to be taken. & Sampler errar
grOupS SO | ;“./;M‘r;ﬂ'ﬁhzs:;mr( "'-':::::m' StartNext Threadloop (" StopThvesd ( StopTest ( Stop TestNow
that their : ET’?F%;;@@{;:‘ Nanber o veads e 7
3 Pobbansi sy (second): [T
process or = oot | | core [ e [
fvﬂlmn.'w ¥ Same user on each teraton
procedure Pt LI
™ Speafy Thread Metme
names are :
recognizable '
at the end of
the test:
2. Highlight the line which reads "HTTP(S) Test Script Recorder”,
£ thingworx_example jmx (C:\Users\scpadmin\Decuments\thingwers_examplejms) - Apache JMeter (3.2) - m] S
File Edit Search Run Options Tocls
“[o]ala] %[5/0] +[-[*]»[»|@[e] ¥ [4]a[|E[E]] o o0 @
e I;:Z.‘:Em Set Config HTTP(S) Test Script Recorder
++ % User Defined Variables Name: [HTTP(S) Test Script Recorder
& HTTP Request Defaults
4 HTTP Caokie Manager Comments: |
& LoginHomePage
SearchAndViewPartStructure Eais
e e pot | @ | e |

Global Settings

Port: [8080 HTTPS Domains: |
TestPlan Creation Requests Fittering |
Content-type filter
Indude: || Exdude:
URL Patterns to Include
URL Patterns to Include |
[iyserver,myhosty.mydomain |
Add Delete Add from Clipboard

URL Patterns to Exclude

URL Patterns to Exdude

windowsUpdate |, micrasoft|,com. =

0. ™\ bmplcsslislaiflico hpeapralswfleotlotftfimpalwoffiwof2)

.msg!,yahool,com.

www\ dawnload), windowsupdate ', com. =

toolbarqueries|.googie\, .=

add |

Dekete |

Add from Clipboard Add suggested Exdudes

Noify Chid Listeners of fitered samplers

I Notify Chid Listeners of fitered samplers
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(Optional) Add an Include filter to only capture the URLs relevant to your application
using the Requests Filtering tab. For example, the escape character \ necessary for ', so
that: myhost.mycompany .mydomain becomes: myhost\ .mycompany\ .mydomain

3. Now reEord_ anew thre_ad group c[cﬁng the “Start" buttg_n:

£ thingwon:_ { (C - Apache JMeter (52) - o X
File Edt Search Run Options Tools Help
@ladxojoj+|-|~|vn@0| o uevEvle i
8 TestPlan
- % CSV Data Set Config HTTP(S) Test Saipt Recorder
ﬁmbehd:m Name:  [HTTP(S) Test Scrpt Recorder
4 HITP Cookie Manager Comments: |
510! LogrHomePage e
@ 3 [Thingworx/Runtime findex.html-458
3 Mindchilljwtcore fspfgenldXey. ssp-360
- — ; Py | O | &
40} SearchandVienPartStructire
20 Gobal Settngs
Niindchill jwtcore fspjgenldey. sp-8 Port: 18080 HTTPS Domais: [

Mhingworx Runtime fndex.hei-50
3

4. Once the control box shows up in
the top left corner, click to open a
browser and access the ThingWorx
Navigate application. Then click on

Test Plan Creation | Requests Fitering |
Test pan content

Target Conroler: [Test Plan > NTTP(S) Test Srot Recorder

|

Grouping: [Put each group n & new transaction controler

HTTP Sampler settings

[Trarsaceon rame <]

Create new transaction after request (ma):
Recordng's defauit encoding

I~ Retrieve All Ebedded Resources

I Redirect Automatcally

¥ Use KeepAlve

Type:

| W CaphrenTIPHesders [~ Add Assertions ¥/ Regex matching

[
[
jorFs

[V Folow Redrects

HTTP Sampler settings

Qs

“View Parts List" or some other mashup:

@ ThingWorx Navigate x 4+

« C A Notsecure | 10.79.50.74/Thingworq/Runtime/index htmiZmashup=Com

thingworx' navigate-

PART TASKS COLLECTION

O
Cs.

View Design Files

A
(R

View Drawing

b=t

View & Measure in 3D

[Franzacton name ~ |
Create new transaction after request (ms):l

2

essAppMashup8&configEntity=Example1PartStructureAccessAppConfigThing&appMashupname=PartStructureAcce.. ¢ @

demo

o

View Part Properties

—

View Parts List

DOCUMENT TASKS COLLECTION

e

View Part Structure
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thingworx navigate~ View Parts List

5. Once the mashup - ‘m
loads, search using a :
string and/or wildcard,
or click on one of the
recent results if any
exist:

RECENT  RESULTS

A1 (Design)

6. Wait for the mashup to fully load with the details on that part or assembly, and then click
“‘Stop” in the recording controller window:

L IDMMRERBEEERDDORNERNED

& 000636 A\ 2 000 ©)
8 TestPlan
= 2 ¥ rounata Gt rontn HTTP(S) Test Scrpt Recorder
@ ThingWorx Navigate X+
< C A Notsecure | 10.79.50.74/Thingworx/Runtime/index htmi?mashup=CommonSearchAccessAppMashupéiconfigEntity = Example1PartsListAccessAppConfigThing&appMashupnamesPartsListAccessAppMa.. % €@ &

PART DETAILS

Number: 657,

Name:

Version:

State:

View in Windchill

A
&l q:@?éEE«

PARTS LIST: 3 items
Search: Reset
Number Name State
6674400_BULB PRT 6674400_bulb prt In Work
6674400_LENS PRT 6674400_lens prt In Work
6674400_REFLECTOR PRT 6674400_reflector prt In Work
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7. All of the HTTP requests performed in the process of loading and using this mashup will
be added to the JMeter project here;

B- = HTTHE) Test Sopt Recorder

8. Next, add a new thread group manually to the project:
4 thingworc_examplejmx (C:\Users\scpadmin\Documents\thingwon_examplejmx) - Apache JMeter (5.2)
,F,','f Edit Search Run Options Tools Help

:1|ﬁ’a|u|xlglm|+|-| o @] o] ev] =]l
B - |

p° L st Plan
Us setUp Thread G
ﬁ w Paste CtrieV Config Element T ”‘;” frest pian
- rDown Thread Group
& )o(m Open... = J |
® s Merge Timer »
®°2  Save Selection As..
® _ PreProcessors ? PAccept=applcation%2Fjs
= :?‘ Save Node Asimage Ctri+G Post Processors  # :serm
® ; Save Screen As Image Ctrl+ Shift«G 7 Assertions » RampUpTime
@ 3 o) ek Emgmant Nisbikty?Accept =applicato
@ .  Disable Non-Test Elements ¥ |yisbity?Accept=applicatio
#:  Toggle Ctri=T JGetSear chiResuits? Accept =application %6 2Fjson-
(R /GetAttrbutesFromSelectedSearchResult?Accept
w Y Help
1 SUMMSryREDDT
8-z HTTP(S) Test Sapt Recorder
o View Results Tree
@ 3 [ThingworxMashups/LandngPageAccessAppMashup/-344

9. Highlight the newly created “Thread Group" (default name) and rename it to something
that relates to the nature of that process:

drmin\D:

4 thingwor_example.jmx (C:\U: P \ hingwornx_examplejmx) - Apache JMeter (5.2)
File Edit Search Run Options Tools Help

Jjelald]x[cja] +[-[«]|v[r|@]0] o |¥] a[v] (@]

El o TestPlan
- i & CSV Data Set Config Thread Group
- User Defined Varisbles Name:  [ViewPartiist]
A HTTP Request Defaults
% HTTP Cookie Manager Comments: I
(40 LognHomePage
@ = [Thingworx/Runtime findex.himi-458 ACHOR 0 b Saen afjex 8 St v ertor
@3 MNindchilfwtcore fisp/genidKey. jsp-460 @ Contirue  ( StartNextThreadloop (~ StopThvead (" StopTest ( Stop’
@ 3 [thn Things/PTC. ItemListC %2Fis
[24Q SearchAndViewPartStructure
ol 0 ~Theead Propertes
B3 Mhndchil iwtcore fisp/genidKey.jsp-8 Number of Threads (users): |1
# 3 [Thingworx/Runtime index.htmi-50
@ 3 [fMingnorx/ q cept =a0ph Ramp-up period (seconds): |1
# 3 [Thng Kl /G b
@5 fMhng g sFson-c | | L9 Count: [ Infinite n
@ 3 [Thingworx/Thi Thing, cepl
& View Resdts Tree [N [V Same user on each iteraton
Summary Report Delay Thread creation needed
= ; HTTP(S) Test Sapt Recorder I i
v View Resuits Tree ™ Spedfy Thread Metime
@ 3z [ThingworxMashups/LandngPageAccessAppMashup/-344
© ZEm owaorfndit |
Startp delay (seconds): |
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10. Drag and drop the new collection of requests so that it is considered a part of the new
thread group:

My SREWMUCE § TVCRRAN &
33 HTTP(S) Test Saipt Recorder

o View Results Tree

11. Then drag the whole group up so that it is next to the other thread groups in the test:

&l u TestPlan
2 CSVData Set Config

[Thingworx Runtime findex.htmi-453

Windchill pwtcore fisp/genidKey. jsp-450

[Thingworx/Things/PTC. ItemListComponentThing /Ser vices /GetItemsData?Accept =application %2F)s

archAndViewPartStructure

[Thingworx-1

Windchill jwtcore fisp/genldXey. jsp-8

[ThingworxRuntime findex.htmi-50

[Thingworx /Things/NavigateSearchThing /Services/GetSearchErrMessageVisbilty ?Accept =applicato

[Thingworx/Things/NavigateSearchThing /Services/GetSearchErrMessageVisbilty?Accept =applicatio

[Thingworx/Things/NavigateSearchThing /Services/GetSearcdhResults? Accept =application % 2F json-¢
/Things/NavigateSearchThing /Services/GetAttrbutesFromSelectedSeardResult?Accept

CRE R T DR T T ) x)u oo

G0 RRERERRDRPRG

e
View Results Tree
Summary Report
[=} HTTP{S) Test Script Recorder
. View Resuits Tree
12. In more complex e s e - o comismad = .
projects, different |@lal|] X|o|a] +|=]]»v|n |0 0] 9w e =] ) e A\ 2 oo @)
b Yu‘;\.‘mhhlw il "npm
thread groups may e il
s s
be added at e =
. . B3 X »: o
different times, and -8 e smears T
. : f Mmm;‘ Method: |GET Ad 'mm
each time, the i ' - - i 7 i i
&% Y o - .| Parameters | Body Deta | Fies Upload |

service calls are all T i
AccessAcoMashuo/ - 744 = 3 e t =

assigned an index et =
iwssosss [
(at the end of the s
request URL, for o e
example:
Mhnguonx Medatnttes FTC. AccessApp. Edticon-359
<I’equest>-344) & ,: Mngwerx Datashapes PTC.NavigateAops. AopOatashape-357

These indexes may
not be unique
depending on how
and when the
thread groups were | = +ZEiEEEEss R
created, especially

in more complex tests. The easiest way to fix this issue is save the test from the JMeter

GUI, then open the JMX file in a text editor and perform a find and replace within the
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relevant section of text. This is usually done using a regular expression for the number.
For example, if the request name indexes are numbered -500 through -525, a regular
expression to increase them to -700 through -725 would be (in Notepad++):

Find: -5([8-9])([0-9])
Replace: -7\1\2

13. Note that if you do not use a Request Filter, sometimes the recorder will log URLs that
are not part of the target application, like these "generate” samplers. These URLs are
typically happening in the background of the browser to track performance, security and

errors. These can be deleted:

# thingworx_example jmx (C:\Users\scpadmin\Documents\thingworx_example jmx) - Apache Meter (5.2)

- o X
e FoiSech Ryl Opeions - TTooks: - Cetp N R . — |
I“IUIHIAI /IDI‘#[“lI ’Ih|.|.| il‘l“!h-lii};lh}f o0:06:3 A\ 2 010 €
v sk HTTP Request
- User Defined Vanables Name: [lgenerate_204-5
7 HTTP Request Defaults
= HTTP Cootie Manager Comments: |
240 LognHomePage
@ s [Thingworx/Runtme fndex.hmi-458 Basic | Advanced |
3 WinddhllwicorefsplgenidKey. Jsp—460 Web Server
B 3 [Mhingworx/Things PTC. ItemListC ProMM}:VWM&uIT Port Number: [
2 (—J ?lem::ﬂsﬂ'uthle TP Request
::: W:/lz Method: | GET ~| Path: |jgenerate_204 Content encoding: [UTF-8
M |~ Redesct Astormaticaly [V Folow Redrects [V Use KeepAive [ Use mutianiform<ata [~ Browsercompastie heacers
’. ol Parameters | Body Data | Fies Upioad |
® /¥ Mindchllfwtcore o igenidiey.j-7 Send Parametars With the Request:
A el ioy i Name: | vakie | URL Encode? | ContentType | indude Equas? I'
& . [Thingworx/ !
':' 3 : -:w: ol s %Fp
-0 Veweortnt
View Resuits Tree
e ek st Recorder
V!V’w}l«
=4 LognHomePage
@ 3 [Thingworx/Runtime findex.htmi-458
14. At other times, you will be repeating RBRR\dchd wtcore fsplgenidKey 150360
& 2 [Thingworx/Things/PTC. ItemlistComponentThing /Services/GetitemsData? Accept=application
steps that are already part of another 5 10} SearchandViewPartStructure
. P =2 [Mhingworx-1
thread group, for example: logging in. & Iihmoseria
This genidkey is a part of the login, as #- /7 [Thingworx/-2
# /7 [Mhingworx/Home-3

you can see if you look back at the login
thread group. Because logging in is only
necessary once, and it is assumed to be
complete by the time the test starts on
the second thread group, this entire
section can be deleted.

15. To see for sure if a request can be
removed because it is called in a
previous thread group, do a non-case-
sensitive search for the name of the
request.

@ 47 Mindchll fwtcore fis genldey. jop-7
/ thingworx_examplejmx (C:\Users\scpadmin\Documents\thingwonc_example.jmx) - Apache JMet
File Edt Search Run Options Tools Help

|l@lad|ZX|ojal+|-|~|r[r @0
B o TestPlan
J CSV Data Set Config
M User Defined Varigbles
J HTTP Request Defaults
& HTTP Cookie Manager
: LognHomePage
s [Thingworx/Runtime findex.htmi-458
:  MWindchill wtcore fispjgenidkey, ysp-360
+  [Thingwoex/Things/PTC. ItemListComponentThing /Ser vices /Ge titemeData? Accept =application %
SearchAndViewPartStructure

)

: N futcore fsplgenidey. jsp-8
:  [Thingworx/Runtime index.htmi-SO
+  [Thingworx/Things/NavigateSearchThing /Services/GetSearchErrMessageVisbiity ?Accept =appih
+ [Thingworx/Things/NavigateSearchThing /Services/Ge tSearchErrMessageVisbility 2Accept wappin
+  [Mhingworx/Things/NavigateSearchThing Services/GetSearchResults?Accept=application % 2F s
% 2 [Thingworx/Things/NavigateSearchThing/Services/Ge tAttrbutesFromSelectedSear chResult?PAc
#Q ViewPartLst
w View Results Tree
. Summary Report
B3 HTTP(S) Test Saipt Recorder

. View Results Tree

(0
-3-83-8-3F8H50 55850
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16.

17.

JMeter for ThingWorx

JE tmer
® I
A 3500
&
[
& I’ MyTasksApol
A %2520C
& ,: [ThingworxMashups PTC. ContributeApps. Master-502
&/ %2520C
77 Mingwor Mashupa PTC.ContrbuteAgps.Master 503 { Search Tree
&/ %2520C
A C Next
A Search: [getalistyedefritons| [N
&/ 9 Previous.
&
#-/ Acxessiop, =
&7 < Search
LA Mashups, Search Al &Expand
& ¥ Mhingworx PTC. ContributeApps. Master 517
£ ,: [MhingworxMediaEntites/-S11
@/
@’: 5 3/ 5 node(s) match the search Replace in selected element
(A [Mhingworx/MediaEntities PTC. AccessApp.NavPTCLOgo-510 =
&
@7 [MhingworxMashups/PTC. ltemtistMashup-526 Matching
® 7 i r r e Replace & Find
@7 [MhingworxMedisEntibes/-524 o
&7 ups/PTC. My TasksAppt Cancel
L A o UG 750n-Comp:
A 2520C
@ ¥ [Thingworx/MedisEntities PTC. ItemList Refreshicon-533
[ Y
2 :' _twse
/¥ [MhingworxfUsers /Admristrator /Avatar-530
"
® P on
&7 TtemtistC: o
(LA b pces) o
&7 ItemlistC; gy
8% ItemlistC: o joal
8/ ItemtistC; s Y
| . ] s 5

All of the requests found in this particular instance were performed in the previous
thread group, so therefore this entire category can also be deleted:

O 1V TWAJVVGE A JTTCRRGLI FRUEHIT 1 s FLUVE RAGH LA WA 7T 77

Pl \vinochi k p/oenidke

R R )

E
&

i

i
:
i

Another odd thing you
may see (if you do not
use a Request Filter
with the recording
feature) are “blank”
requests like these:

The recorder isn't sure
what to call these “non-
requests”, so anything
like this that isn't an
actual URL within the
target application
should be deleted.

1 [Thingworx/Things/NavigateSearchThing Services/GetSearchErrMessage Vishility 2Accept mapplication % 2 json <ompres
x/ThingsNavigateSearchThing Services/GetSearchErrMessageVisbiity JAccept =apphca tion % X json-compres:
x/Things/NavigateSearchThing /Services/Ge tSearchReats? Accept =application % ZF json-compressedd,_twsr =
. x/Things NavigateSearchThing /Services/GetAttrbutesFromSelectedSear dhResult? Accept =appiicaton % 2 o1

/ thngwon_examplejm (C

2 3
IThingarorx/Runteme frdex. hemt-5

=
.

&/
® tyleDefratons S5

i

§iid
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X 62 - o X
Help
=[] p|n|@ 0 o || o|v|E B oo Az o0 G
| HTTP Request
tame: 30
Basc | Advanced |
Web Server
Protocol pttp): [ Server Name or 1 [10.79.50.74 Porthumber: 443
HTTP Request
mess [ <] rore ) Contertencaog: s

[ Resoect Acomascaty [ Fotow Fasmacs 7 Use kaptine [~ Une motsaniom-dus [~ Sromsescompaticn heaces
Parameters | Gody Data | Fies Upload |

Send Parameters With the Request:

Mame: | Voe | Rt Encode? |

ContentType | inchude Ecuals?

oot | st | sddbemwbomd | coce | o | oo |
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JMeter for Thing\Worx

18. Static downloads should be disabled or deleted from scale testing since they are usually
cached by the user browser client. In this ThingWorx example, there are static
“MediaEntites" \x/hich can be deleted or disabled:

4 thin

File Edit Search Run Options Tools

000636 A\ 2 oo &

Je|ald| nlilEJ xl=l<] 'IBIOIOI il‘l“lbljxlilﬁ’l

@ {,’, g /PTC.AccessADD.L
HTTP Request
twar = 18C0
daEnthes PTC Accesshop NewAoplcon- 127 Neme: [ - —
Comments: |
%ZF)son twsr=18Cc
eor  twar = 18Cc 835¢ | Advanced |
Web Server
Protocol [http}: Server Name or IP: [10.79.50.74 Port Number: [443
"json Swerw=18Cc HTTP
Method: | GET - PIBLIr Ce Content encodng: [/TF8
/Services /CollectADps PACcept =appication % 2F 5on compressedB,_twsr I Resrect Avomascaty [ 2 5 -
Parameters | Body Data | Fies Upload |
twar Send Parameters With the Request:
sl Name: | Value | LRt Encode? | Content-Type | indude Equels?
%2Fysor \_twsr
_twsr
L
£ Search Tree X
Next
Jsor
1]
& "0
® g5/AppColectionsC ices oC sewch Al
& Accessop. ]
& Replace by: Search All & Expand
® Accessh
& :%2520C:
[} [Thingworx /Groups/Administrators /Services Ge tGroupMember ?Accept =appiicd
& 5‘, ngworx tStn 150 81 the search Replace in selected element
%) Replace Al
Matching
™ Casesenstve [~ Regutar exp. scaloi
'
® [ Thing 144]
@ 4~ [Thingworx/Groups/Administrators /Services /GetGr Json twsr=18Cc
® 5‘, g icon-141
@ [Thingworx/Groups// tGroupMember 2Accept =application % 2Fjson <ompresseds_twsr=16Ct
® E:Emum tuctreAccessAppMedaEntty - 140
- g tty-138
[ Json _twsr = 18Cc
@
@/ Joor _twsr = 180K
&7 Jor twer=18Cc
&7 1500 twsrm18Cc
® ,: Jscr twsre | add Add from Cipboard | |
gy ooy i i =]
< | »

Within the JMeter client there is no good way to highlight and reset them all at once,
unfortunately. The easiest way to remove all of these at once is to open the JMXfile in a
text editor and use regex expressions for search and replace “enabled-=true” with

&

File Edit Search View

‘enabled=false".

Encoding Language Settings Tools Macro

Run Pluging Window 7

& Open
« -1

Organize v

&/ Pictures
bin
nav_scripts
results

temp
» @ OneDrive

v [ This PC
» 3 30 Objects
> [ Desktop
> [%] Documents
» < Downloads
> D Music
» &= Pictures
» [ Videos
& Windows (C)

|] Documents « ~

4 > ThisPC » Documents »

New folder

Name

o Fiddler2

L3l navpert-linux-ede_rd-scp_bdns_pte_com...

woﬂ.mmn'sﬁm

)« Temporary Stora ¥

Date modified Type

File foldes
Security
IMX File

&19PM

Certificate 1KB

71772020 3:23 PM 2596 KB

File name: | thingworx_example jmx

Search Documents

Ev M 0‘

|All types (")

Cancel
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padmin\Decuments\thingworx_example,jmx - Notepad+

[Administrator]

Edit Search View Encoding Langusge Seftings Tools Macro Run Plugins Window ?

cHBRRGEalsmh oc| skl xx|BE|S
st cov 1] B st cov 3] B userstfcnv 3 =l hingno evample g £3 | 2 3] B8 100 ek cov 3]

JMeter for ThingWorx

EBEPa=|EEDHEB

< [EZE <stringProp name="Headsr.name">Accept-Encoding</stringProp>
1609 <stringProp name="Header.value">gzip, deflate, br</stringProp>
1610 </elementBrop>
1611 [ <el Iop name="Us " elementTyp >
1612 <stringProp name="Header.name">User-Agent</stringProp>
1613 <stringProp name:
- </stringProp>
F </elemencBrop>
<elementProp name="Sec-Fetch-Dest" elementType="Header">
<stringProp n +name" /stringProp>

<stringProp name=
</elemencProp>
</collectionProp>
</HeaderManager>
<hashTree/>
</hashTree>

Header . value">empty</stringProp>

Header.value">Mozilla/5.0 (Windows NT 10.0: Win64: x64) AppleWebRit/537.36 (RHTML,

like Gecko) Chrome/83.0.4103.116 Safari/537.36

[ guicl i" testclass=

guiclass="HTT

iaEntities/ThingworxNavigatelogo-509" enabled="true"3
1n

<elementProp name="HTTPsampler.Arguments" elementType="
<c0l1ectionProp name="ATgUmEnts.arguments"/>
</elementProp>
<stringProp nam
<stringProp name=
<stringProp nam

"HTTPSampler . domain"></stringProp>
"HTTESampler.port">443</stringProp>
"HTTPSampler.protecel” ></stringProp>

testclass="Arguments" enablsd="true">

Backward direction

Match whole word only
[OMatch case.
rap around

eXtensible Markup Language file

Search Mode
O tiormal
Oextended (n, ', 1, 0, ..

@ Requiar expression  [7]. matches newine

L Type here to search

Most text editors have examples on how to use
The above example is for Notepad++.

In selection

<s
<5 Replace B
<% Fnd  Replace FindinFles Mark

<b

<Bt Find what ;| (t=stname = ThingwongMedicEntities\[A-Za-z] +-{0-3] Jensbled="true" <] [ N 10
<be

b Replace with ;| \1 enabled="false” ~] Replace ]

<s

Repiace Allin Al Opened
Documents
1623 Col: 163 Sel:76]1 Unix (LF) UTF-8 INS

T T 2t imator S 3 3 hin

ransparency.
(@ On losing focus
Q Always

regular expressions within their Help topics.
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Parameterization in JMeter Tests

Parameterization is usually the part of creating a JMeter test that takes the most effort and
knowledge. Some requests will require the same information for every thread, information which
can therefore be defined statically within the JMeter element rather than being parameterized.
Some values used within the JMeter test script can be parameterized as inputs in the top level
of the test controller, for example: Duration, RampUp time, ApplicationHost, ApplicationPort.

Other values may be unique to only one thread group and could be defined in a User Defined
Variables element within that group controller. The value(s) used within a request can also be
determined on the fly by the results of earlier requests within a thread group. These request
results typically must be post-processed and parameterized for later thread elements to
function correctly.

The highest level values that are unique to each thread should be inputs from a CSV file that are
passed into the threads as parameters, for example Username and Password. Data used within
the test is usually parameterized in order to better emulate real world application use by
multiple users. In the following example, we will parameterize the number of users for each
thread group by adding a user- defined variable.

Tutorial: Parameterizing the Thread Groups

1. Start by selecting the new thread group and parametrizing the number of threads (i.e. the
number of users accessing this mashup at a time during the test). The way to enter a
variable is with syntax like this: $(searchandviewpartstructure_threads)

5l TestPlan
o % CSV Data Set Config Thread Group

/- User Defined Variables Name:  [SearchAndViewPartStructure
& WTTP Request Defaults

& HTTP Cookie Manager Comments: I
(=407 LognHomePage
® 3 [Thingnorx/Runtime index.him-453

1 Mindchil pwtcore fisp/genldKey. jsp-460 (& Contrue ( StartNextThreadloop ( StopThread (" StopTest ( Stop TestNow
ItemtstC

@3 g 2
[ERS R 5= chandViewPar tStructure
@3 [Thngmorx-1

Action to be taken after 3 Sampler error

Thread Properties

3 Mindchil jwicore isp/genldKey.jsp-8 Number of Threads (users): [${searchandvewpatstructure_threads)|
3 [Thingnorx/Runtime index.html-50

Ramp-p period (seconds): |1

ngwor/ s5age

i w2Fis LoopCount: [ Infinite [1

8 vt o ¥ Same user on each iteraton
View Ra«:;s Tree [~ Delay Thread ceation untl needed
Summary Report
: TP{S) Test Scrpt Recordes I Speafy Thread ifetime
View Results Tree

2. In this case, make this a user defined variable;

£ thingwor:_ I (C _examplejmx) - Apache Meter (5.2) - o

File Edit Search Run Options Tools Help

Test Plan
/mcsx Data Set Config User Defined Variables

X

@lafu] x| cja] +[-[] v[n[@[0] «[4]avEE[«] v

- tame:  [ier Defoed Varaie

/& HTTP Request Defaults

5 HITP Cookie Manager Comments: |
(5 40 LogrtomePage
+ MMhingworx/Runtime index:himl-453 User Defined Variables

= Mindchil jwtcore fspfgentdKey. jsp-360 [ Name: | Value O
TtemdstC

uSe mw ;vml""‘ fGetl ol Jhost navigateperfedc.rds.bdns. ptc.com
B ar artStructure

@ 3 [Thnghdix-1
= Mindchil pwtcore fisp/genldKey. jsp-8
= /Thingworx/Runtime findex.himi-S0

9 3 [thngworx/ )/ ceptwappl
:  [Thngworx, /
: [Thngworx 2Fis

httos

@3 [Mhingworx/

340 ViewPartLst
View Resuts Tree
Summary Report

View Results Tree
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or a variable for the whole project, by highlighting “Test Plan" and adding the information

there.
E]
% 5% CSV Data Set Config Test Plan
S User Def{’sd Varisbles Neme:  [festPan
- HTTP Reqlest Defaults
5 HTTP Cookie Manager Comments: |

@ 3 /MhingworxRuntime index.htmi-453

User Defined Variables

@z Mindchil pwtcore fisp/genldKey. jsp-460

a5/ ItemLstC Name: Voloe |
240} SearchAndViewPartStructure Username ${_P(usemame, Adminstrator)} |

@3 MMhingaorx-1 password $(_P(password,weadmin)}

@ 3 Mindchilwtcore fisp/genldKey. jsp-8 [RamplpTime. ${(_P{RampUpTime, 15))

@3 [ThngworxRuntime index.htmi-50

83/

&3

CRen
3140 ViewPartist
+ View Resuts Tree
4 Summary Report
B3 HTTP(S) Test Script Recorder
( View Resuits Tree

3. Begin looking at the samplers to see what types of things need to be parameterized in
your test. Consider such things as: thread count (as shown above), ramp up time (also
depicted above), duration, timings, roles, URL arguments, info table information, search
result information, etc.

Another example here parameterizes the search parameters for a query by adding an

overall search string column to a CSV file (which can then be randomly generated by some
other script):

£ thingwors_examplejemx (C: X - Apache Meter (52) - =] X
. File Edit Search Run Options Took Help
1 First, [Blald| 20O +|=[=| »|p|@|0] o ev]E e A\ o ©
parameterize the = e _
body data of the - o= E
request by = =iy - om
highlighting the | [ ] - -
request, and B e s e e -
changing the e P =1
value of the e
desired field to e
something like
this: o e
$(searchString) e
2. Next, define the
parameter under
the Test Plan and
set a default
value: alms : itz] e =
- A CSV Data Set Config | Test Pan
- User Defined Variables Neme:  [TestPlen
/& HTTP Request Defaults
& HTTP Cookie Manager Comments: |
=4 LoginHomePage
|_ :  [Mhingworx/Runtime findex.html 458 User Defined Variables
l.— ,'WWMMT}::Z:}W > _tws Name: Vake |
@7 TtamListCe Jsor 1 Username ${_Plusername Adminstrator)} |
& ¥ MMhog g5/PTC.ItenistC v Fison Password sL_P(pmmd;:::m))
f; ’ : ""';“: g searchandvewpartstruchre_threads ‘»g —
/4 it =iy T 7
:; :E WMMCAMW.MWM-SQ o e ]
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3. Now define the searchString column again as part of the CSV Data Set:

Test Plan
PRco: ot s Cons] il
- User Defined Variables
& HTTP Request Defaults
A HTTP Cockie Manager
=14 LoginHomePage
: [Thingworx/Runtime findex. html 453
@+ MWndchiljwcore fsp/genidKey.jsp-460
+ [Thingworx/Things/PTC. ItemListC: % _tws
41 ¥ [Thingworx{Things/PTC.ItermListCompor
@ /7 /Thingworx/Things/PTC. ItemtstC:
8 7 [Thingworx/Things/PTC. ItemListC
* fthing TC.Configy

able?Ac

3/ 3ge )
4 /¥ [Thingworx/Things/PTC. ItemListC
woex/Things /PTC. ItermListC
& ¥ [Thingworx/Things/PTC.ItemistC tACtonsFromConf?Acce )
& 7 fhing [PTC.Itemist. 544
% /7 [Thngworx/Things/PTC Thing/ , %2y e
¥ [ThingworxMedaEntives PTC ActionBar ReassgnDisabledicon-548
31 ¥ [MhingworxMedaEntites PTC ActionBar Exporticon-547
£-40) SearchandVienPartStructure

Fjson
2
)
F
2Fjsor

@
8 4

CSV Data Set Config

Neme:  [CSVData Set Config

Comments: |

Configure the CSV Data Source

Flename: [ jrav_scrots /userssS.csv

Fie encodng:
Variable Names (comma-deimited):
Ignore firstine (only used if Variable Names is not empty):

Delmiter (use "\¥ for tab): [,

Browse..

lusername, pazsword, objo, searchString|

False s

Led el

Alow quoted data?: [False

Recyde on EOF 7:[True

Stop thread on EOF 2 [Faise
Sharing mode: [l tveads

Now it can be varied simply by providing different pseudo-random values with wildcards

and/or known values in the CSV file.

Removing extraneous requests from thread groups reduces the overall ambiguity of which
groups represent which processes or mashup calls. Parameterizing individual requests is
typically necessary in creating a real replica of user load, and things like Windchill URL and
hostname, search parameters and part IDs, timings, durations, offsets, anything at all that
influence the results of the test, should not be hard-coded. It is better to create variables for
these things to ensure that all of the various simulated activities are configured in the exact

same way every time. That way, the system can be tested again and again under various strains
and loads until the capabilities of the application are verified.
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Post Processors and Extractors

Most JMeter load tests become more complex when the results of one request are sent as
parameters into later requests. This is done in JMeter by using Post Processors (Extractors), tools
which facilitate extracting information out of the request results so it can be assigned to JMeter
parameters.

There are many different types of extractors which can process the results of previous requests:

e (CSS Selector Extractor - commonly used extractor for values returned as html attributes
e JSON Extractor - processes JSON objects using regular expressions

BeanShell Post Processor -facilitates using code scripts to process return text

Reqgular Expression Extractor —support for use of regular expressions on request results

The JSON Extractor can be used to find and store information like the partOID number for a
Windchill part as a parameter in JMeter, which can then be used to build more realistic
workflows within the JMeter test. The example below steps you through setting up a JSON Post
Processor.

Tutorial: Adding JSON and Regex Extractors

1. Start by right-clicking the request that contains the results of our search. Then click *Add" >
‘Post Processors"> “JSON Extractor”, as shown in the image below:

# thingworx_examplejomx (C:\Users\scpadmin\Documents\thingwon:_examplejmx) - Apache JMeter (5.2) - o X
File Edit Search Run Options Took Help
@lala|L[oja] + =] p|» @ 0] d ¢ o] B o A2 9o @
LA e o TN d <
i /: 9 %2Pgon-compre HTTP Request
l i -
83 Name: | = js00 _twesr = 18Cor %2Fjson-288
Bz
& |
Basic | Advanced |
Web Server
@
& Gt Protocol http): Server Name or IP: [10.75.50.74 Port Number: [+43
& . PR Pre Processors ¥ HTTP Reciest
-4 /Thingworx/ThingsMe & s Extract:
& :1 MhingwocThingsfe Paste CrlsV fehaslecke ox <] eath: l,,.. _twsr=18Cor €2Fsson Content encodng: |TF-8
N 4
A ﬂmxﬂhms/;: Duplicate Ctrbe Shifts C C.onﬁg T b e L [ Fobow @ I Use s
8- /% Mingworx/ThngsMe  goreve Delete Listener »
] ,: [Thingworx/Things/Mz preerpremmer—  Boundary Extractor Body Data | Fles Uplosd |
® 7, [Thingworx/Things/Me Open... paMashup?Accept=apg Regular Expression Extractor =
8 /7 [Thingworx|Things/Ac pEmpty?Accept wapplic. -
@ /7 Mingworx/Thingspwe  Merge lects?Acceptmappicats  JSR223 PostProcessor 3N
& 7 [MingworxMedaEnti  Save Selection As... ] "
o e i - Debug PostProcessor e
& /¥ [Thingworx/MediaE; Save a5 Test Fragment P
B /7 MMingworxMedagnt B JDBC PostProcessor
@ ,: [MhingworxMedaEnti  Syve Node As Image  CirleG - Result Status Action Handler
B 7 [MhingworxMedaEnt
@ m Mrogepwe SV Screen Asimage CurleShifteG [( o o o0 XPath Extractor
@ ¥ MMhngrooThingsPa . bappConfigurationTabl  XPath2 Extractor g
] ,: /Thingworx/Things/Me pionLnkEnsbled?Acce  jo@gc - JSON Format Post Processor |
@ ¥ [Thingworx/ThingsMz  Disable bsCommonConfiguratc <
@ m MhiogsPa Togale ot ntecerforintatovels  IPGC - JSON/YAML Path Extractor
5 [ThingworThingsMz bsCommonConfigurate  BeanShell PostProcessor
@ ¥ MMingworx/Things/Mz  Help p?Accept =application %2 )son <ompresseds,_twe
(I twsrm
o g g 150r Lt
@ /¥ [MhingworxMediaEntities PTC. AccessAop. VienPar tStructureMenulconBlue-315
E G 2F
& - isor R "
) ,4 srent. %2Fjsor _twsr g .
@ o g N Fsor e
& ¥ fMhing ACcessADD. | 1
&/ [Mhingwor Js0r _twsrm:
@ /¥ MMhingworx/Thing: %2Fjson
8 ¥ fhng s epar %2Fs0r twsrw
@ ¥ [Thingwor wp-305
3 47 fMhing ‘olectiiLoggerD: % 2F ) _twer =
@ /7 fhing gs 2 jsor i
a7 AccessApp.
&1 ¥ [ThingworxMedaEntities PTC. AccessApp. VienPer tslstMenulcontover 333
& ¥ MMhingwor AccessApp. oper 332
Pl AccessAop. -331
5.7
& g 98
o I' W ey
v
&/ gs/] Jsor
&7 gs %2Fjson .t -
5 47 Mhing %2
5 %2Fjson _twerw18 ¥ |
< | »
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2. The extractor will now show up under that request as a sub-menu item. Select it, and name
the variable something easy to reference. For the JSON Path expressions, pull the object
number or some other identifying characteristic out of the search results: $.rows[8].objNumber
for example.

£ thingworx_example jmx (C:\Users\ D _examplejm) - Apache IMeter (5.2) B - o X
File Edit Search Run Options Took Help
S|eal|] X ola] #] =] e |0 9| et B o053 A2 00 @)
=y T OTCOTreTe
- %2 json-comox, | JSON Extractor
o Fjson-<ompresseds_twsr=1¢ | Nome:  [5SON Extractor
sonvizry | Comments: [
Apply to:
 Man sample and subsamples & Main sample oy~ Subsamples orly Meter Variable Name to use
e = | Names of created variables: Cerorank
JSON Path expressons: $.rows[0].obumber
Match No. (0 for Random): n
edin 2 joor o Compu var (suffx_ALL): [~
gk vy | Defaut values: I

3. Another option would be to take information like the partOID number send that into the
search string field, by defining both as properties and having one refer to the other. To pull
the partOID out, use a Regular Expression Extractor:

Regular Expression Extractor

MName: IpartOid|

Comments: I
~Apply to:
~ Main sample and sub-samples Main sample only " Sub-samples only (% IMeter Variable Name to use  [firstObject

~Field to check

f* Body ( Body (unescaped) ( BodyasaDocument ( Response Headers ¢ RequestHeaders ¢ URL 1 Response Code ( Response Message

Mame of created variable: partOid

Regular Expression: OR:wt.part. WTPart:([0-9] +)

Template (Si$ where iis capturing group number, starts at 1[5

Match Mo, (0 for Random): 1

Default Value: NOT_FOUND [ Use empty default value

Another thing to parametrize is the summary report result file name. Adding in the number of
users and ramp up time can result in files that are easier to reference later being stored on
your machine. We will cover generating and reviewing Summary Reports in full in a future
section.

Summary Report
Name: {Summary Report

Comments: I
Write results to fie /Read from fie
Filename [:fs(twmsers) _S{ramplp

Brouse ILogDsdayOdv‘. [T Emrors | Successes Configure I

Label | # Samples | Average | M Max | Std. Dev. | Emor % [Throughput| Receive... | Sent®/... | Avg. Bytes|
TOTAL | 0 0 sWA| _ =N/A| 0.0 _ 0.00% _ .Ohour 0.0, 0.00 |
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Distributed Testing

One key aspect of a proper JMeter load test is distributed or remote testing, i.e. making use of
more than one JMeter client at a time to simulate the user load on the Application server. There
are many reasons to make use of a network of clients such as this, like mimicking cross-region
user access to the Foundation server, simulating different levels of latency for different users,

and increasing the overall number of users which can contribute to the load test, while

minimizing the performance cost of

hosting that many threads on any e \
single server,

192.168.0.10 192.168.0.11 192.168.0.12

A single JMeter client has a
practical limit of 150-250 threads
across all groups and requires
about 1 CPU and 8 GB of RAM. After
this point, the amount of garbage
collection and other processing
there is for each client to do is
substantial. As the client processes
its own data and sends requests to
the Application server at the same
time, there are diminishing returns,
and the responses begin to take
longer (or errors start occurring)
simply because of resource \ J/
starvation within the client process

-

192.168.0.2

192.168.0.13 192.168.0.14 192.168.0.15

Figure 1 -Remote Testing configuration in which the main JMeter client is

rather than on the Application
server. Therefore, distributed
testing is required for most

located at one IP address, controlling the rest as they step through their own
copies of the JMeter tests, based on their own unique data files as necessary,
to simulate a user load across a network, a series of regions, or simply across

customers doing larger load tests many machines if limited by the size of the physical hardware [image citation].

using JMeter. Many applications will have more than a few hundred users and/or will have users
accessing the system from a variety of regions and networks, each of which could have
significantly different network latency. So, in order to work with the limitations of the JMeter
executable and address regional concerns, distributed or remote testing is typically required for
almost all of PTC's customers who scale test with JMeter.

With a simple (monolithic) distributed test, all of the JMeter clients are located on the same host
and share an IP address, but each must be configured with a unique RMI port to connect to the
controlling process. If these are located on a VM, then the resource specifications can merely be
increased and the VM sized larger as necessary to ensure the network of JMeter clients runs as
expected. Each JMeter client requires around 8 GB for its heap size and 1 CPU (with some
additional resources for the host operating system).

Multi-hosted testing becomes the required option when limited by physical hardware (or a
relatively small VM hardware host). If there are only 4-core, 32-GB machines, then plan for a
machine per every 3 JMeter clients. If simulating thousands of users, this could mean half a
dozen machines or more are required, which can still sometimes work out to be more cost
efficient than one large, 256 GB, VM hosted in the cloud. Using many hosts in physical locations
can also simulate regions with different network characteristics.
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A tutorial for distributed testing across one host is shown here. For more information, see the
Apache web articles on each topic: Remote Testing and Distributed Testing Step by Step.

Tutorial: Setting Up Distributed Testing on One Host

1. Copy the source directory for the whole JMeter project and rename it however many
times as required. Here there are 22 JMeter clients side-by-side on a single, 256-GB VM
(3000+ users):

agent-ymeter-5.2_1 12/2/2019 1:58 AM File folder
agent-jmeter-5.2_2 12/2/2019 2:22 AM File folder
agent-jmeter-5.2_3 12/4/2019 2:38 PM File folder
agent-jmeter-5.2_4 12/2/2019 4:08 AM File folder
agent-jmeter-5.2_3 12/2/2019 4:09 AM File folder
agent-jmeter-5.2_6 12/4/2019 2:38 PM File folders
agent-jmeter-5.2 7 12/5/2019 1:47 A File folder
agent-jmeter-5.2 8 12/5/2019 1:20 P File folder
agent-jmeter-5.2_9 12/13/2019 7 File folder
agent-jmeter-3.2_10 12713/ File folder
agent-jmeter-3.2_11 17772 File folder
agent-jmeter-3.2_12 /7 File folder
agent-jmeter-5.2_13 1/8 File folder
agent-jmeter-5.2_14 /X File folder
agent-jmeter-5.2_15 1/9/2020 2 File folder
agent-jmeter-5.2_16 1/9/2020 2:41 7 File folder
agent-jmeter-5.2_17 1716 File folder
agent-jmeter-5.2_18 File folder
agent-ymeter-5.2_19 File folder
agent-pmeter-3.2_ 20 172 File folder
agent-ymeter-3.2 21 1 2 File folder
agent-ymeter-3.2_22 /372020 3:15 PM File folder
apache-jmeter-5.2 12/2/2019 3:50 PM File folder
Fiddler 10/24/2019 1:47 PM File folder
IMeters 1" File folder
Packages File folder
Perflogs File folder
Program Files 6 File folder
Program Files (x86) File folder
temp 2/2 File folder
Users File folder
WER 62 File folder

M Indude groupname in label?  Save TableData | [V Save Table Header
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2. Each directory (shown above) is identical, except that the “jmeter.properties” files (found
in the bin directory in each project) have unique settings, namely the server port:

$Ser t

3. Each JMeter client must contain a copy of the same test scripts found on the main
server:

s PC Windows (C:) » agent-jmeter-52_1 »

backups AM
ban

docs

extras

lib

licenses

nav_scripts 2/20/2020 2:39 PM File folde
printable_d

results

LICENSE

NOTMCE d AM
README.rmd g AN

4. Inthe ‘jmeter.properties” file for the main server, specify the IPs and ports for each
‘remote/distributed client (under remote_hosts), as shown:

Note here that all of the IPs are all the same, with just the port differing from client to
client. Here only 4 clients are in use, with the rest commented out for future tests. This is
how to scale up and test incrementally more users each time. Just add another server to
add another 150-250 users, until eventually the target number of users is reached, or the
server is saturated.

These IPs will differ if doing a true remote test, with each being the server location of the
JMeter client within the same network. The combination of IP address and port will all
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still need to be unique, and communication between the overall jmeter controller and
the clients over the RMI ports needs to be allowed by the network/firewalls.

5. Also note that the number of users is set using the parameter under “Test Plan" which
was set-up last time. This value represents the number of users by specifying the
number of threads per thread group, and it can remain the same for every client or vary
accordingly, if for instance one region is smaller than another. The “Test Plan" parameters
are shown here:

User Definad Vanables
Name: | Vaue

rampLiptme |${__P{rampUptme, 300)}
idebugMade [${_Pidebughade, truel}
lenableAsser tons |${__PlenableAssertons, false)}
lprotocol |${_Plorotacol hitps)}
inavid ${__PinavUrl navigateperfedc. rd-sgp.bdns. pie. com)}
InavPort |${_PinavPort, 443}
twapratacel |${_P(twxprotocal hitps))
ncreased fter |${__Pinoreaseafter, 20}
I Brme ${__Plruntime, 1800),

${_ P(twousers, -h

6‘ TO Optlona“‘y [ C\apache-jmeter-5.2\bin\jmeter-agents.bat - Notepads + [Administrator]
start all of the File Edit Seach View Encoding Langusge Settings Took: Macro Run Plugin: Window 7

cHEB s GB|daD(PDcIny

clients at once in

%t %@

= 1 .l b

D@z =

preparation for
test execution,
create a basic
batch or shell
script which
goes to the bin
directory of each
agent and calls
the start
command:
‘imeter-server”.
In this image
from a Windows
JMeter host, only
the first few
agents arein
use, but
removing the
‘rem” to
uncomment the

cd c:lagent-3 zr=5.2
start cmd /k call "jime
cd c:\agent-jmeter-5.2 2\bin

ed c:\agen

exver" -Djava.rmi

start cmd /k call "jmeter-server"™ -Djava.rmi

[l coeetion 1 | meter-agents bat 3 ]ﬂu.m-ru|iu.nq.._s w1 8 ponSS0 e 13| Il Havigste 2 Som1 8/nonSSO_methide e 3 | [l reter prepertion 13| [ cses®
) § xr u don't =

example at botzom):

.server.hostname=10.79,.50.80
.server.hostname=10.79.50.80
va. rms . z.hostname=10.79.50.80

hostname=10

other start

command lines in this file would add more servers to be started. Note how the Java

parameter for java.rmi.server.hostname must

match the main JMeter client network

configuration here for them to connect (see Apache links above for more information).
This will start each of them in their own CMD window, which once closed, will terminate

the JMeter client processes.
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7. Parameter like rampUp time within the main test script will scale with the number of
client processes. For example, 100 users and 300 seconds rampUp with 4 clients results
in 400 overall user threads that are all logged in after 300 seconds.

Run Options Tools Help

8. Once all clients are running, then click Remote Start All to start the

test across every server from a GUI (usually for debugging) or ::tn,,,,m, o
execute the test using command line: jmeter -n -r -t <test.jmx> -1
<results.jtl>: R 7|
9. The main server sends the actions to the remote clients to run, so all - i:::::i:: e
the clients need is input parameters. For instance, a CSV file may i Remote Shutdown »
exist in each directory which has different data from client to client, Lo @ses
to create pseudo-random user loads and represent different kinds of | RemeteExeAn
user activity. The file shown in this image is different, and unique, in = G
each of the client directories:
CSV Data Set Config
Name: |csv Data Set Config
Comments: |
Configure the CSV Data Source
Browse... I

Flename: I fnav_scrotsfugersss.csv

Fle encoding: I
Vanable Names (comma-delmited): [mevrm.passwcrd,ooﬂo.obwmmat,*‘RNz,m\lz,miz,’k‘u,mns,m%

[}

L

Ignore first Ine (only used if Variable Names is not empty): I#a’ue
Delimiter (use "t for tab): I
Allow quoted data?: Il;aue
Recyde on EOF ?: ITrue
Stop thread on EOF ?: ]Fase
Sharing mode: [All threads

Lellelieliel

Horizontally scaling or setting up many JMeter clients side-by-side, is the way to facilitate larger,
more complete user loads. Distributed and remote testing are slightly different; the former is
easier to set up and use, especially on VMs, but the latter might be better for simulating regional
differences and the impact of network latency. The latter will likely also be required if there are
hardware constraints to consider, since each JMeter client needs about 8 GB for its heap, and
another 8 GBs, or a core or two of similar size, is needed per every 3 JMeter clients for the
communication and processing of data.
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Client-Side Reports in JMeter

Creating reports for the client-side data is very simple using JMeter, both from the command
line and within the Ul (as shown in the tutorial below). These reports have graphical displays of
response times, information about the number and type of response errors, and other criteria of
performance used to gauge the success or failure of a load test. Follow these steps to generate
an index file, which when opened in your browser of choice, will show all of the relevant JMeter
data.

Tutorial: Creating JMeter Reports
1. Create an empty directory in which to store reports:
PC » Wmndows (C:) » apache-ymeter-32 » resulishimil

2. Start the JMeter test with these options, or run these commands after the fact, to
generate the HTML report:

a.  Once the test completes, use:
jmeter -g <outputfile.jtl/csv> -o <path to output folder for html report>

b. To start a test correctly for report generation, use this command:
jmeter -n -t <test JMX file> -1 <outputfile.jtl/csv> -e -o <Path to output folder>

¢. Running the above commands will generate these files:
™
View
s PC » Windows (C:) » apache-jmeter-3.2 > resultshtml
Nary

content

sbadmin2-1.0.7

L |ndu.h1¥l - M HTML F
.R A 4

statistic ]._ & HTML File
ed: 8/18/202 = PN

3. When the test is complete, the many JMeter client consoles will look like this:

B C\windows\system3Z\cmd.exe - call "jmeter-server” -Djava.rmi.server hostnames 10.79.50.80 - m] X I

4. Go ahead and close the windows to terminate once they are finished. Optionally you can
run multiple tests sequentially using the same jmeter-server windows.
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5. Click on the “index.html!" file to open the results viewing window:

B & O Apachemeter Dashbor X [+ v - o

O @ © | filey///Cy/apache-jmeter-5.2/resultshtml/indexhtml * fi & @

Apache JMeter Dashboard

@& Dashboard
Lt Charts < Test and Report informations
Over Time Source file *399_results "
Throughput Start Time 227120 9:26 PM"
End Time "8/14/20 6:32 PM"
Response Times
Filter for display -
Ll Customs Graphs <
Over Time
APDEX (Application Performance Index) Requests Summary

6. Atany time, modify the settings of this "HTML dashboard" using the details from the
JMeter user manual. This citation describes many options for these dashboards, as well
as recommendations on how to group and format the results in ways which best convey
the success or failure of the test, based on the custom requirements of the application
and how granular the view needs to be. Most of the time, the default settings work ok,
showing something similar to this:

APDEX (Application Performance Index) Requests Summary

BKO
MOK

0.873 500ms 1 sec 500 Total

0.000 500 ms 1 sec 500 Get Additional Attributes of CR - OR:wt.wor

ms 00088 AtwoodCR_02272020_1046

0000 500ms 1 sec 500 Get Attachments - OR:wt. workflow.work W(
ms 00090, Atwood_02272020_421pm

0000 500 ms 1sec500  Get TaskProgress for CR - OR:wi.workflow.
ms 00089 AtwoodCR_02272020_315pm

0000 500 ms 1s5ec500  GetAdditional Attributes of CR - OR:wt wor

a.The charts aren't labeled very well here, so click on the Response Times submenu:

[l Charts -
Over Time
Throughput
Rﬁpon%ﬂmﬁ

[l Customs Graphs <
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Test and Report informations

File: "399_results jtr
Start Time 221120 9:26 PM"
End Time: "8/14/20 6:32 PM"

Filter for display

Il Response Time Percentiles & t #
350000 Zoom
400000
300000
200000
250000 0
0.0 50.0 100.0

200000

150000

Percentile value in ms

100000

50000

0 e ——————
0o 100 200 300 400 500 600 7o 800 a00 100.0

Percentiles
M 1000 Thingwerx/R /RuntimeLocalizationFunctions/Services/GetE ffective Tokens

This page may take some time to render if there is a lot of data.

b.Next, scroll down to see all the requests that occurred and sort them by how long they
took to complete. Anything which took over 5 seconds (or more depending on what is
expected) should be investigated as part of the post-test analysis. Does something
need to be tuned or optimized? This is how to tell which request is holding things up
for your customers.

c.There is also a chart that shows the overview, grouping the response times by how
long they took to demonstrate the health of the system more concretely. Typically, the
bars look something like this;

|l Response Time Overview 1 / A

600000

500000

400000

300000

Number of responses

200000

100000

0

Requests having Requests having Requests having Requests in error
response time \-l‘}bl)ﬂmﬁ response time > 500ms and <= 1,500ms response time > 1.500ms

Response times ranges

¥ Requests having response time <= 500ms Requests having response time > 1,500ms Requests having response time > 200ms and <= 1.500ms ™ Requests in error

This represents expected behavior, where most of the requests are quite fast, and then
there are a few that had errors or took a bit longer. This is pretty typical for web activity.
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7. You can also generate the report through the main JMeter client:
{ Apache IMeter (52)

File Edt Search Run Options Tools Help

‘l“l“‘lul ” Creste a heap dump
_m— Creste a thread dump
.

THE

Function Helper Dialog CtriShift<F1 |
Compile JSR223 Test Elements
Export transactions for report -

Generate Schematic View (alpha)

Import from cURL
i |
£ Generate HTML repont x ]
Results fle (v or it Browse...
a. Giveitaresults file and an output directory === i
) ) Dutput dreciory : 1 Browse...
to generate the same index file:
8. There are log files in each of the JMeter client
directories called *jmeter-server.log":
Generate report
“ Home Share View
| A » ThisPC > Windows (C:) > agent-jmeter-52.2 > bin »
Name Date modified Type Size
# Quick sccess
jmet -ﬂi }r,lo 8/14/2020 &32 PM Text Document
I Desktop g LR S . o ~ : -
| jmeter.properties 12/4/2019 2:32 PM PROPERTIES File
B Ooimionds: 4 & i bmoings 12/3/2013 £:52 PM KS File
= Documents of [=] jmeter-agents.bat 12/272019 2:07 AM Windows Batch File
& Pictures ¢ jmeterlog 12/1/2019 8:40 PM Text Document
bin [ PluginsManagerCMD.bat 12/1/2019 8:05 PM Windows Batch File
nav_scripts PluginsManagerCMD sh 12/1/2019 805 PM SH File
results U system.properties 11/25/2019 1:21 PM PROPERTIES File
jmeter.bat 1/25/2019 1:10 PM Windows Batch File
temp
| #» Apache/Meter.jar 11/25 §2:22 AM Executable Jar File

a. These files may show the wrong timezone, but the elapsed times are correct, and
they will show when the JMeter clients started, how many threads they ran,
which servers were which, and if there were any errors. Not all errors will mean a
failed test, so review anything that appears and determine what is expected.

b. Consider designing a batch script to gather all of these logs together, or even
analyze them automatically to extract only relevant information.

Generating and reviewing reports within JMeter is straight-forward and easily customizable.

Continue on to the next section to see how to monitor the system itself using an external tool
like DynaTrace.
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Server-Side Results in DynaTrace

Collecting data from the environment, including CPU usage, Memory utilization (used vs. total),
Garbage Collection times and other metrics of system health on the server, will require the use
of an external tool. PTC's official tool for this is called DynaTrace (PTC System Monitor), shown
here. PTC offers a runtime license for DynaTrace to anyone who buys certain products,
including Kepware Server, ThingWorx Foundation and Navigate, Windchill, Integrity, and more.
Read more information about DevOps on the PTC Community, and stay tuned for more articles
on the subject to come from the EDC.

Another option would be something like telegraf and Grafana (from an [oT EDC blog post), which
facilitate the option to create dashboards around the data output specific to the needs of the
application, which can still be monitored even once the application goes live. It can certainly be
worth it to use such a tool for monitoring the server-side, but the set-up takes more time.
Likewise, many VMs have monitoring faculties for CPU usage and memory utilization built-in,
but DynaTrace also has visualization, consolidation of system elements, and other features that
make it easy to use right out of the box. See the screenshots below for some examples on how
to use DynaTrace, and be sure to review PTC's full documentation here.

) System M Dy AppMon - America/New_York (Eastem Standard Time) - o X

C &
e q
N 0% e _— 0.09
165146 per mimate
t: \ / r
\
S )
””r/,// SN 0.14%
4 x Navigat . 11.4 per minute
o) N
« \
e p )
s 327.53ms
“—tg5.19% 14.58%
4 Appiicatio 10 Processe 2 Host
= 0.3 requests/minute _e |
Mat o S A - An update is available for Server
fobile Apg Atic v ‘NavScal-Sys-Me
- [ s i S SO 6, i W S
ashes. tirr
£ 555114e-psm-server-vm-1 £ ATWOODOL2 @ NavScal-Sys-Mon

The example shown here is a ThingWorx Navigate system, with Windchill and Thing\Worx
Foundation set up side-by-side. This chart shows the overall response times of the server-side
of the system. JMeter collects the statistics on what the client looks like, while another tool is
required to collect the server-side metrics like CPU usage and Memory utilization, things that
indicate the health of the VM or computer hosting the clients. An older version of DynaTrace is
depicted here, available for free for all ThingWorx customers from the PTC Downloads Site
(under various product listings).
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In DynaTrace, you can build new dashboards using PurePaths:

6 New Dashboard

Use for Analysis
@ Dashboard settings will be preconfigured for

— N\ typical anaiysis use. These settings can be
changed later on.

Dynatrace Web

Use for Monitoring

N Dashboard settings will be preconfigured for
typical monitoring use. These settings can be
changed later on.

An update s available for Server
& Navscal-Sys-Mon'.

Click here for details.

) Add Dashlet o X

You can also look at the response times for each service
but be sure to change the response limit to a large number

’{ Select Dashlet Type
.,

t the type of the d.

so that all the results are returned. difoiens 2
gent Breakdown
Chart
Database
Exceptions
PurePaths x PurePaths
Transaction Flow
Sorted by: Most recent v | Result Limit 100 v . L Visits
Web Requests
s = Changing the response limitto e
® LicenseFestureSummary 0 « alarge number to ensure all of s st
@ LicenseFeatureSu H Business Transactions
o) <2360 " the results show in the sl
@ LicenseFeatureSummary 1,000 n Cockph ]
@ LicensefeatureSummany S‘M n Purepaths daShboaI’d Components V.
® LicenseFestureSummary " The PurePath Dashiet s the central representation of all captured PurePaths including
@ LicenseFeatureSummany, 30,000 n the Tree Dashlet, C 1 and Visuali
® LicenseFeatureSumman, 100,000 n
@ LicenseFestureSumman, 300,000 n
@ LicenseFeatureSummary 1,000,000 n -
® LicenseFeatureSummany A" n @ < Back Ned > Cancel
B lirancafastiraCiummanASANCE amhda€RR n
PurePaths x
Sorted by: Most recent v Result Limit: 100 w
PurePath Response Time [ms] Breakdown Size Agent Application Top Findings
® Lic FestureS ySSdttSSLambdas268.run() 8430.26 . oo 40 com.ptc.ThingWorcN... Default Applic.. Async: no as
@ LicensefestureSummary$$dttSSLambda$268.run() 835366 [l EEeN ] % com.ptc.ThingWorcN... Default Applic... Async: no as
@ LicenseFeatureSummarySSdttSSLambda$268.run) 822617 _ eGwm 140 com.ptc.ThingWorcN... Default Applic.. Async: noas
® LicenseFeatureSummary$SdttSSLambda$268.run() RRTS 0% com.ptc.ThingWorcN... Default Applic.., Async noas
@ LicenseFeatureSummary$SdttSSLambda$268.run() 9777.28 com.ptc.ThingWorcN... Default Applic... Async: no as
@ LicenseFeatureSummarny$SdttSSLambda$268.run() 9654.30 a o@eoN | 40 com.ptc.ThingWorcN... Default Apphc... Async noas
® LicenseFeatureSummary$S$dtt$SLambda$268.runi() 821253 com.ptc.ThingWoncN... Default Applic... Async no as
@ LicenseFeatureSummary$SdttSSLambda$268.run() 8300.66 com.ptc.ThingWorcN... Default Applic...  Async: no as
@ LicenseFeatureSummary$SdttSSLambda$268.run() 821239 com.ptc.ThingWorcN... Default Applic.. Async no as
® LicenseFeatureSummary$SdttSSLambda$268.run() 8332.76 com.ptc.ThingWorcN... Default Applic... Async no as
@ LicenseFeatureSummary$SdttSSLambdas$268.run() 831935 com.ptc.ThingWorcN... Default Applic... Async: no as
@ LicenseFestureSummary$SdttSSLambda$268.run() 8153.96 com.ptc.ThingWorcN... Default Applic... Async: no as
@ LicensefeatureSummary$SdttSSLambda$268.run() 8866.23 com.ptc.ThingWorcN... Default Applic... Asyncnoas vV
< >

PurePaths - Contributors | Errors
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Highlighted here in DynaTrace is the longest service that ran, which in this case took 95 seconds
to fully respond:

PurePaths x Content v View v =
Sorted by: Most recent v Result Limit 10000 v PurePath Hotspots
PurePath Response Time [ms] Breakdown Size Agent Al 2
© [ThingwondThings/Recenty gSenice Gtk ; ses1604 2 compemic | ¢
@ /Thingwond Things/R yViewed! g/ Jeh 95320.60 Wt 3R0N ] 225 com.pte.Thir ‘
@ /Thingword Things/Recently ditemsThing/Servi R F 8026185 [ eamassan] 139 com.ptc.Thir
@ /Thingwond/Things/Recently Thing/S RecentS ForUser 80240.73 [ venmaca ] 139 com.pte.Thir
® /Thingword Things/Recently dit 9/ orUser o241 [eRmacR] 142 comptcThir || §
® /Thingword/Tl R yVieweditemsThing/S 7504119 [ enmaeml 136 comptcThir | ¥
L] /Thmgwonc/Thmqs/RecmMnewedanhng/SemcelGetR«mtSeavchesFmUm 7492769 [ wamsso 1 139 com.ptc.Thir =
@ /Thing /Things/R y 9/ hesForUser 7447348 E 142 com.ptc.Thir
@ /Thingwor/Thing y 9/ orUser 74077.90 m 139 com.ptc.Thir i
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More specific analysis of this service can now begin. Perhaps it needs to be tuned, or otherwise
optimized to handle the number of threads, i.e. the number of users. Perhaps the system needs
more resources or the VM isn't large enough for the test. Perhaps more JMeter clients and
system resources are required. Something will explain this long response time, and that will
inform as to what work might still remain before this system can scale up to the enterprise level.
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How to Use the Test Results

Load Testing often means scaling the test up a little more each time until the system eventually
breaks, or the target performance is reached. Within JMeter, this won't mean increasing the
overall number of threads per one JMeter client, but instead, scaling horizontally to other JMeter
clients (as covered in a previous section). Now that the remote or distributed clients are
configured and the test running, how do we know when the test is beginning to fail?

It turns out that this answer is not a simple one. Which results are considered desirable will vary
from one customer to the next based on many factors, and analyzing the test results is a
massive topic all on its own. However, there is one thing that any customer would care to
review, and that is the response time overview chart found within the JMeter reports. This chart
can be used to compare the performance of the majority of threads against a baseline,
indicating the point at which the test begins to fail, i.e. the point at which the limits of the system
are reached.

The easiest way to determine a good standard response time for a load test, a baseline, is to
start with a single JMeter client and record the response times for just 1-5 threads. You can
record the response times for individual requests, particularly queries and other services with
expected long response times, or the average response times across all requests or groups of
requests, if the performance of some mashups are more important than others.

This approach is better than relying on the response times seen in a browser because HTML
pages load differently when rendered in a browser, with differing graphical resource
requirements than what is requested in JMeter. Note that some customers will also manually
record response times within a separate browser-based test scenario during load testing as
either a sanity check or as part of their overall benchmarking in order to further validate the
scalability of the application, but this wouldn't involve JMeter given that browsers load things
differently and cross-comparison is a bad idea.

Once the baseline response times are established, start increasing the thread counts across the
many JMeter clients until you see the response times go up on average. PTC's standard criteria
for load testing is exceeded when the average response times are roughly doubled, or when the
system seems overwhelmed with the user load on the server side (which is what to look out for
in DynaTrace or the external system monitor). At this point, the application is said to have
reached a bottleneck, which could be a simple tuning problem, or it could be saturated by
resource requirements. Either way, the bottleneck is proof that the system can't take any more
threads without users beginning to notice and the response times approaching an unreasonable
delay.

Other criteria can be used as well, say if any one thread takes more than 5 seconds to respond.
Also ensure there are no unexpected errors, as gateway errors represent failed tests too.
Sometimes there will be errors even when the test is successful, though, so consider monitoring
the error percentage, a column in the Summary Report tab of JMeter, to see what is normal. The
throughput column may also be something to monitor. Many watch for increases in throughput
as the thread count increases to ensure there is no degradation in performance (which may
indicate hardware or sizing constraints).
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The Summary Report will look something like this, with thread group results from all of the
clients appearing side by side, differentiated from each other by the unique port:
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If the system looks healthy on the server side and the response times are within an acceptable
range on the client side, then the application is ready for enterprise use. Be sure to generate a
baseline for response times within JMeter, remembering that browsers have different loading
processes than JMeter, and not to cross-compare.
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Conclusion

Load testing is a critical part of the development lifecycle in any application, and ThingWorx is
no exception. Any further questions about the capabilities of JMeter not covered here, can be
answered by the whole JMeter user manual, found on the Apache website.

Proper load tests can become quite complex, as shown here in an example of one tool PTC
uses for internal QA of a ThingWorx Navigate application (specifically its built-in mashups):

£ Test_Plan_UserScalability_With_CRTask jmx (C:\apache-jmeter-5.2\nav_scripts\Test_ Plan_UserScalability_With_CRTask Jmx) - Apache JMeter (5.2) = [m] X
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Something similar to this tool may eventually be released by PTC, but in the meantime, feel free
to use the tutorials above to create scripts of your own. Any issues building your custom load
tests in JMeter can be discussed on the PTC Community.
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Appendix I: JMeter Best Practice Tips

» Use Distributed Testing
o As already mentioned in a previous section, each JMeter client can only handle
about 150-250 threads depending on the complexity of the tests, and each
client will need around 1 CPU and up to 8 GB of RAM for the Java heap.

o Some test plans will run with fewer host resources, so resizing the test client VM
up or down is often required during test development.

o Create a batch or shell script to start the multiple JMeter clients for greater ease
of use.

» Use Non-Graphical Mode
o Non-graphical mode allows the system to scale up higher; client processing
uses up resources just to keep the simulation running, but with graphical mode
turned off, there is less of an impact on the response times and other results.

o Graphical mode is essentially only used for debugging.

» Turn off Embedded Resources
o This setting reloads all of the typically cached requests over and over; there
will be far more download requests, and to the exclusion of other requests, than

is helpful.
Embedded Resources from HTML Files
o Ensure this box is not checked, [~ Retrieve Al Embadded Resources [~
especially in the HTTP Requests b

Defaults element;

o Browser caching means that this setting doesn’t actually simulate a proper user
load, given that many of the reloaded resources would not be reloaded by actual
users.

o Use thisincrementally, for one or two HTTP requests only, if there is a reason
why those requests might need to download fresh images, scripts, or other
resources with each call; for instance, simulate page timeouts using this once per
hour or something similar.

o Using this across the whole project will prevent it from scaling well, while not
actually simulating real-world conditions.

» Avoid Using Listeners
o Forinstance, the "View Results Tree", which uses additional resources that may
impact the results in disingenuous ways, based around the needs of the clients
themselves and not the actual response times of the server.

o Many listeners are only for debugging a handful of threads while designing the
tests.
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A list of recommended listeners for different purposes is in JMeter

documentation.

JMeter for ThingWorx

Summary Report is the only one you want enabled, as that exports the results as
a csv or similarly formatted file, which can then be used to build reports.

» JMeter CAN handle SSO
JMeter can authenticate into and test an SSO-enabled system.

o

Sometimes the SSO configuration is essential for customers, and they may be
quick to assume therefore that they cannot use JMeter, but that's not entirely

true.

Some external tools that might help with this are BlazeMeter (mentioned again in
Jjust a moment) and Fiddler, a good tool for decoding what data a particular SSO
setup is exchanging during the authentication process.

» Use Logic Controllers for Parametrization
Parametrization is critical to mirroring a proper user load, and allowing different
data sets to be queried or created; the load should seem organic, random in the
right ways, with actions occurring at random times, not predictable times, to

[ .

o

prevent seeing
artificial peaks of
usage that don't
represent real usage
of the Foundation
server.

Random order
controllers direct the
threads down
different paths
based on random
dice rolls, allowing
for a randomized
collection of user
activity each time,
not something that
has to be
regenerated like a
set of Boolean values
that is specified in an
input CSV and used
to navigate a series

Add Think Times to children
Apply Naming Policy
Change Controller

Insert Parent

Cut
Copy
Paste
Duplicate

Remove

Open...

Merge

Save Selection As...
Save as Test Fragment

Save Node As Image

Save Screen As Image

Disable
Toggle

Help

Ctrie X
CtrieC
CtrieV
Ctrls Shift«C
Delete

Ctrl+G
Ctri+ Shift«G

Crle T

»

Logic Controller » If Controller

Assertions

Timer

»

»

Pre Processors

Post Processors

Config Element »

Listener

of true or false switches.

»

Transaction Controller
Loop Controller
While Controller

Cnitical Section Controller
ForEach Controller
Include Controller
Interleave Controller
Once Only Controller
Random Controller
Recording Co roller
Runtime Controller
Simple Controller
Throughput Controller
Module Controller

Switch Controller

Switches just look for an environment variable to be either 1 or O, and when it
hits a switch that's a 1, it triggers the switch below, running them in the order

given under the transaction controller that goes with the switch.
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o Inthisimage, the 1's and O's are given in the CSV input file; randomizing that input
file therefore randomizes the execution of the switches too:

o uldl

.

’
»
»

Yy

» Use Commercial Add-Ons
o There are many external, add-on tools and plugins which enhance JMeter's
capabilities.

o One external tool that can enhance JMeter's capabilities is Blazemeter, which
has some free and some paid options to help create better reports, removing
automatically much of the “garbage” REST calls (which would otherwise need to
be manually deleted), and provide more consumable test reports right out of the
box.

o Other tools and plugins include:
= Maven
Netbeans
SonarQube
Jenkins
Autometer
Gradle
Amazon EC?2
Lightning
IntelliJ IDEA
Cassandra
Grafana

» For more best practice information, see the JMeter Best Practice Manual.
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Appendix II: General Load Testing Guidelines

» Concurrency Requirements — How to Properly Estimate the Size of the Load Test

o

Take a brand new ThingWorx-based app. How people will be accessing the
system and how often? How many are business users? How many are engineers?
What do they do?

Many assume that every hamed user in the corporate LDAP will need to access
to the server, often 10s of thousands of users; this generally drastically
oversizes the system.

Load testing for many thousands of users is very hard and requires a lot of set-
up, tuning, and optimization to get right; so if it seems that thousands of users
are expected, then validating this claim is important: most customers don't really
have that many concurrent users in an engineering system.

Use estimates
based on how
many people
work at which
offices, which
time zones
those people
are in, and what
kinds of users

they are. Do ~
they need Enter the relative distribution of
named users internally and externally

access to Approximste N?med Usefs by region. All external users should
engineering Europe Americes| Asie be considered suppliers and partners.
data? Perhaps '“'e"‘all 10000 I 17000 10000 Direct employees that work
there are External| 15000 28000 20000 externally typically should be

. 1'°m| 25000 45000 30000 considered an internal user for sizing
simpler Grand Total| 100000 | il

mashups for
them that uses

—

less resources. Peak Europe + Americas 5029 After verifying and adjusting all of the
Peak Americas + A’" appropriate values on the Sizing

One tool for Peak Europe + Asia 721 Estimate tab the highlighted value

these sorts of here Is the recommended minimum

estimations that Wi‘g’f‘e" 3?“::_ user .:':'t‘:f ‘;’T‘ée

. us In conjuction wi e

PTC offers is the Hardware Sizing Guide for the OS of

office time zone your choice.

overlap -

Windchill Sizing Figure 2 — This tool for Windchill can be helpful here too, calculating the number of users over
Calculator a peak duration based on the type of the users and how many live within each region. The tool
(shown here) as directions to follow which make it very easy to use, and it is free to download.
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o

o

Other ways to estimate include;

Analyzing the business processes, things like how long workloads
typically take to complete and how many workloads are generated per
day, converted into hour, minute, or second as desired for the peak
duration, the length of the test.

“Day in the Life” modelling, or considering things like “what does user X
doin a day?" Maybe, user X checks out some drawings, edits them, and
then checks them back in at 4:30. Maybe user Y actually digs into the
underlying parts and assemblies, putting in change requests or orders
throughout the day, instead of waiting for the end. Models are made
based around the types of users.

Also consider:

What are worst case scenarios?

What are the longest running activities?

What produces the largest data transfers?

What activities have large, heavy data base queries?

When is the peak overlap of usage?
o Beginning and end of day downloads and check ins?
o Reports that are generated regularly?
o How do these impact the foreground users?

For a simpler estimate, start with a percentage of the named user count,
anywhere from 5-15% is a good ballpark percentage.

Don't overestimate to feel like the application has been financially worth it; even if
everyone is logged in and using it all at once, which is unlikely, load testing for
every single user doesn't take into account the fact that people pause in
between clicking on things to think, type emails, get coffee, and so forth.

Fewer people than expected are actually doing concurrent activities like
loading web pages and updating data streams.

Whenever possible, use concurrency data from existing customer systems to
guide the estimate for the new system. Legacy system are great places to start.

» Use Grafana to monitor the system side throughout the load test, which is also required
to know the test has been successful; also set up Grafana to monitor the application
once it goes live, to both prevent and mitigate more rapidly any technical issues with
the server.

» Also remember that PTC Technical Support is here to help! Provide thread dumps with
an open case to any TSE, and they will help troubleshoot the tests and review any errors
in the ThingWorx or Tomcat logs.
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