Improving the Performance of Your
NI LabVIEW Applications

Dan Hedges
Senior Software Engineer
LabVIEW Performance Group
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Agenda

* How to find performance problems
= Benchmarking
= Profiling
* Understanding LabVIEW under the hood

= Memory usage
= Execution system
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Optimization Cycle

Benchmark | /Optimize
« Evaluate Performance * Improve efficiency
* |dentify Problem Areas * Improve Speed

N AN /
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Benchmarking Code Execution
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“Timing Template (data dep)” — LabVIEW Shipping Example

y NATIONAL

INSTRUMENTS

4



Benchmarking Code Execution @
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Calibration Code

Analysis

“Benchmark Project” — LabVIEW Real-Time Shipping Example
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Tools for Measuring Resource Usage
(Windows)

 Task Manager
* Perfmon
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Windows Task Manager

*Gives user a rough idea of
whether memory or CPU is
the bottleneck

«Can be helpful in
identifying memory leaks

View»Select Columns ...
allows you to add additional
stats

. = |
S Windows Task Manager g@
File ©Options ‘iew Help
&pplications | Processes | Performance | Mekworking
Image Mame CPU | Mem Usage VM Size A
iexplorer . exe 0z 116,416 K 36,800k :
Mcshield. exe a0 75, TEEK 72,264 K )
NCDasmon, exe oo 65,488 K 61,472 K =
svchost, exe oo 51,700 K 39,864 K
CbjectDock.exe 01 49,280 K 46,932 K
HokkKeys . exe oo 41,364 K 32,492 K
Firefoy, exe a0 32,344 K 23,684 K
ntaskldr. exe a0 3z,100 K 3,324 K
nimxs, exe oo 23,164 K 14,485 kK
CemExec.exe oo 22,492 K 15,032 K
sarnekime 75 exe oo 22,436 K 144,452 K
Launchy exe oo 22,045 K 13,016 kK
FramewaorkService, exe oo 17,288 K 10,972 K
kagsrv.exe oo 16,776 K 10,525 K
ripalsr, exe oo 13,484 K 7528 K
BCMWLTRY.EXE a0 11,045 K 5,372 K
SEYICEes.exe oo 9,804 K g,452 K
spoolsy.exe i 9,404 6,704 K
swrhnsk . eee nn A.FNE 5900 K [v]
Show processes from all users
Processes: 65 CPU Usage: 6% Commit Charge: 11120 | 3923M

INSTRUMENTS

y NATIONAL




P e rfm o n &9 Performance M=%

. @ Eile ﬂctiu:un_ Wiew  Faworites  Window  Help ;lilﬂ
*Allows you to monitor 3@ o _
Processors S O W% Mad +Xe 2RBE 0«2
+- @ Performance Logs and Alerts | 100
*Disk 1/0 "
*Network Tx/Rx "
Memory/Paging 50
*Access by typing i

‘perfmon” into the : __
WindOWS Run dialog Maximum 231.999  [Dwration 1:40

| Ciolar | Sicale | Counter | Instance | Parent | Object | Camputer | |
1.000 Pages/sec Memory  \\AE-HOGES
100.... Awg, Disk Qu... _Total --- Phesic,.. \AE-HOGES
1.000 % Processor,., _Tokal Proces,.. \\AE-HOGES
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Why Should You Profile Your VIs?

» 80 percent of the execution time is spent in
20 percent of the code

 Performance improvements are most effective in
the 20 percent

* Guessing which 20 percent is difficult
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VI Profiler

* Tools >> Profile >> Performance and Memory...

£ profile Performance and Memory - Untitled Project 2

BEx]

Timing statistics
Tirning details
Time unit

milliseconds [i]
Prafile Daka

[ ]Profile memory usage

[ Memory usage

Size unik

kilabykes

Application Instances

W Select Application Instances. ..

W ™My Computer [+

B RT P&l Target

2

YITime  Sub WIs Time Total Time  # Runs

Averaqe Shortest  Longes s

71_Wrap_Find Project-related tests, vi 171.9 434 .4 656, 2 1 171.9 171.9 171.9
Find files recursively  vi 713.8 0.0 718.8 & 119.5 109.4 140.6
Update Tree with Config Files, vi 46,9 0.0 45.9 1 46,9 45.9 45.9
Populate Tree.vi 15.6 15.6 3.2 35 0.4 0.a 15.6
Get Child Tags, vi 15.6 0.0 15.6 165 0.1 0.a 15.6 M
(<] I | >
Skap ] [ Snapshiak ] [ Save ] [ Clase ] [ Help ]

ni.com
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Demo - VI Profiling
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LabVIEW Desktop Execution Trace

Toolkit

Detailed
execution
traces

Thread and VI
information

Measurement
of execution
time

ni.com

== Desktop Execution Trace Toolkit

File  Edit
= Start @ Stop

Wiew Tools Help

Trace

E-E} ain Application Instance

"' 2(1/2010 - 10:59:29,401335
S 212010 - 11:02:29, 235938

=10l x|
Mew Trace... EE Configure. .. | E Split Display -
S Yiew 0 X
ain Application Instance : 2012010 - 11:02:29, 235933 @ ;§| 0
# Time: Wl Event Thread CPUIA Details E
1] 11:02:29,235938 0 - Main.vi WI Stark Execution -] 4 b
1 11:02:29,235943 0 - Main.vi YT Call 5 4
2 11:02:29,235947 0 - Main.wi Memoary Resize 5 4 Handle: Ox404B7C4; «
3 11:02:29.235950 0 - Find Optimal Move, vi wI Call 5 4
4 11:02:29,235958 0 - Find Optimal Mowve, vi Memoty Resize 5 4 Handle: 0x404E7CE;
EE 961 |0 - Find O B
i} 11:02:29.235962 0 - Find Optimal Move, vi Memoty Resize
7 11;02:29.2359%4 0 - Find Optimal Move,vi IMemory Resize
i 11:02:29.235965 0 - Find Optimal Mowve, vi Mermary Free
9 11;02:29.2359%66 O - Find Optimal Move, vi MMemory Free
10 11:02:29.235968 0 - Find Optimal Mowve, vi Mermary Allocate 5 4 Handle: 0x404E70D0; ¢
11 11:02:29,235969 0 - Find Optimal Mowve, vi Mernory Allocate 5 4 Handle: 0x404B704; ¢
12 11:02:29.235971 0 - Find Optimal Mowve, vi Memory Resize 5 4 Handle: 0x404B7DC; 1
13 11:02:29,235973 0 - Tesk Rotate.vi VI Call 5 4
14 11:02:29.235974 0 - Tesk Raokate.wi Memory Resize 5 4 Handle: 0x404B7ED; ¢
15 11:02:29,235975 0 - Tesk Rotake.vi Mernory Resize 5 4 Handle: 0x404E7ED; ¢
16 11:02:29,235976 0 Memoary Resize 5 4 Handle: 0x404B7ES;
17 11:02:29,235976 0 VI Return 5 4
15 11:02:29,235977 0 wi Memoary Resize 5 4 Handle: 0x404B7ES;
19 11:02:29,235930 0 - mow opuiman rove, vi Mernory Resize 5 4 Handle: 0x404E7EC; ¢
Z0 11:02:29.235930 0 - Find Optimal Mowve, vi Mernory Resize 5 4 Handle: 0x404E67ES; (E
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Profiling and Benchmarking Summary

What is my current performance? Benchmark Vs
What are my limiting resources? Task Manager, Perfmon
How much time are each of my Vls taking? VI Profiler

In what order are events occurring? LabVIEW Desktop Execution Trace Toolkit
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Under LabVIEW’s Hood
4 O
Memory Execution
Management System
< /
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What Is In Memory?
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Vis in Memory

* When a VI is loaded into memory
= \We always load the data

= \We load the code if it matches our platform
(x86 Windows, x86 Linux, x86 Mac, PowerPC Mac)

= \We load the panel and diagram only if we need to
(for instance, we need to recompile the VI)
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Panel and Diagram Data

» How many bytes of memory does this VI use?

» The answer depends on:
= |s the panel in memory?
= |s the environment multi-threaded?

1000HMN
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Execute, Operate and Transfer Data

* Populated by u e
Code .

* Temporary
Buffer

» Copy for Indicator

v NATIONAL
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Avoid Loading Panels, Save Memory

Mumerc » .
T 13 VI With Edits.vi Frontpoo = B8 = |

Viciby| ek |
Value H—

File Edit View Project Qperate Tools Window Help

VI With Edits.vi has unsaved changes.
1] VI With Edits.vi has unsaved changes that will remain in
memory until all references to it are closed.

15t unsav han

| [Dder Decision ] Keep unsaved changes in memory

Cancel | Cancel the close operation

Visible
|E" EII:I:IE.anl
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Wire Semantics
* Every wire is a buffer
* Branches typically create copies

B iy ol

5.1
4+

8.1
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o
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Optimizations by LabVIEW

The theoretical 5 copies become 1 copy operation

Copy

2.1

2,3

Output is “in place” with input
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The “In Place” Algorithm

 Determines when a copy needs to be made
= Weighs arrays and clusters higher than other types

* Algorithm runs during compilation, not execution
= Does not know the size of an array or cluster

* Relies on the sequential aspects of the program
= Branches may require copies
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Bottom Up

In-place information is propagated bottom up

{3 Untitled 1 Block Diagra... |- |03 Branched wire
Eile Edit Yiew Project Operate Toof
ey J) L 13 Untitled 1 Block Diagram on Improving P... g@
rra AFE H File Edit Wew Project OQperate Tools  Window  Help
*.
- -1 |
0 oy || | el e
D f iZ3 = H
0 1|_‘°|:\.J_| Array Out] _ .
w Tiz= 4 = q B
Imploving Performance, beprojiiay Cnmpute»m ju ijB E:su_ 13 Untitled 1 Block .. g@
_ = Filz Edit Wiew Project Qperal
== - gmieal
= 1
: : M rra Brray Out|
Improwing Performance. lvprojfiy Computer [{ ] | I 1 [i] o

+

Copy because _ | = |
of increment No copies required |

Irnpr Perfarmance, lvprojMy (-ﬁ_|| j

~ —increments array in place
yNATIONAl.
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Showing Buffer Allocations

Developer Tools b
Measurement 2 Auktomation Explorer. .

Instrumentation b
Real-Time Module 2

MakthScript MWindow. . .

_ormpare b
Merge Yis...

Performance and Memory

Security 3 Show Buffer allocakions. ..

User Name. .. Y1 Metrics., ..

LLE Manager...
Irnport 2
Shared YWariable 2

INSTRUMENTS
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The In-Place Element Structure

Allows you to explicitly modify data “in place”

Errar in (no error) error out
Status ----------------------- ﬁ -------------------------------- Status
» | code r;i'“" Tl Y S— ="
L~ =
SOLFCE SOLFCE +
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Example of In Place Optimization

Operate on each element of an array of waveforms

‘7 NATIONAL
’ INSTRUMENTS



Make the First SubVI “In Place”
m.h i L@*H“@

changes into...

- e
m = i 0wt s
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SubVI 2 Is Made “In Place”

b Jﬂ
>_
D ------- " ?wim@
[ J

Changes into ...
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SubVI 3 Is Made “In Place”
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Final Result: Dots Are Hidden

zighals in ﬂ'l
[ |[12=
k
[

zignals out

‘ : A[EE
E[0]++ m? o E+|'.'| [[12 JI
L L k

oy L
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Building Arrays

There are a number of ways to build arrays and
some are better than others

Bad

cra) - eReallocates array memory on

; every loop iteration

*No compile time optimization

INSTRUMENTS
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Building Arrays

There are a number of ways to build arrays. Try to
minimize reallocations.

Best

Arayl - eMemory preallocated

*Indexing tunnel eliminates
i need for copies

100 HN]
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Demo - Effects of Memory
Optimization
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Under LabVIEW’s Hood
a N
Memory Execution
Management System
< /
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Vis Are Compiled

-

{3 Untitled 1 Block Diagram

BEX)

File Edit Wew Project Operate Tools  Window  Help

o
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Vils Are Compiled: “Clumps”

Clump'l

Clump O

C E—

Clump O

-~

-
-

Murneric &

\\IE!

~

pPOEL |

POEL |

/
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Vis Are Compiled: “Clumps”

Clump 1

KI'op for loop
Clump O indicator is updated |
Clump 0 Scheduled Clump 1 Sleeping

Sleep ...

Start of diagram:
Reads controls, then y
schedules Clumps 1 \
and 2

Then sleeps ...

Completion of diagram:
Divide nodes, display of

indicators, then VI exit
Clump 2

Bottom for loop
indicator is updated |
Clump 0 Scheduled Clump 2 Sleeping

Sleep ...
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Single-Threaded LabVIEW

/CPU

Thread

Coroutines
User Interface Code

Loop Execution
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Multithreaded LabVIEW

/" cpu

Thread MESSages Thread  Thread
=S Cvap
Ul Loop Thre_ad "Thread
Exec Exec

N

y NATIONAL

INSTRUMENTS




LabVIEW on a Multicore Machine

a Thread Thre-a ] E—_—
Ul Loop w Exec . Exec .
QPUO \ \/ N
¢ I
- NGl Threag Thread
Exec Exec
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Some Operations Require the Ul

Thread

whavetorm Graph
& wWavetormlaraph

il

=g

Front Panel Control References

Lrray

TERRNEL
=k 5L

Control/Indicator Property Nodes

ni.com

?!HE?!

[ 132

Call Library Nodes

?!HE?!

[ 132
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Execution Properties
mpmmes_ =

Execution

Pricrity Preferred Execution System
narmal pricrity El same as caller El
[#] Allow debugging Enable automatic error handling

[] Reentrant execution [ Run when opened

Share clones between instances ["| Suspend when called

(reduces memory usage) o
E [ Clear indicators when called

g Preallocate clone for each instance Ao handle menis at launch
(maintains state for each instance)

[ | Inline subVI into calling Vis

‘7 NATIONAL
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Reentrant Vs

* Reentrancy allows one subVI to be called
simultaneously from different places

= Requires extra memory for each instance

« Use reentrant VIs in two different cases
= To allow a subVI to be called in parallel
= To allow a subVI instance to maintain its own state
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LabVIEW 2010 Compiler

» Generates code that runs faster, ~30%
 Takes longer to run (~5x-7x)
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Demo - Effects of Execution
Optimization
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Next Steps

+ LabVIEW Help

* ni.com/multicore
* ni.com/devzone

= I:E] Managing Perfarmance and Memory
= ] Concepts

[lzirg the Profile Performance and kermon WWindow

Y| Execution Speed

El Y| bemony zage

Memony Management for Large Data Sets

= I:Q Multitazking, Multithreading, and Multiprocessing
LabWIE'W Threading Model
= ([ Multitasking
Multitasking in Lab¥IEw!

= ([ Multithreading
E Benefitz of Multithreaded Applications
_E| Creating Multithreaded Applications
_El M anually Azzigning CPUz
E Multithreading Programming Examples
E Fipelining far Systemns with Multiple CPUs
2] Prioritizing Parallel Tasks
_El Suggestions far Using Execution Systems and Priarities

[=l [ﬂ| Multiprocessing
Multiproceszsing and Hypperthreading in LabhEM,
= ) HowTo
_El Prafiling %1 Execution Time and Memory Uzage
E E«tending Wirtual Memamy Uzage for 32-bit Windows
=[] How LabvIE' Stores Data in Memary
= ([ Concepts

_El Flattened Data
E Type Descriptars
E Type Descriptors in LabWIE'W 7.4 and Earlier
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