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Multi-Node Energy Profiler enables you to visualize the energy
consumption of individual devices, multiple devices on one target
system, or a network of interacting wireless devices in order to
analyze and improve the power performance of these systems.
Real-time information on current consumption is correlated with
the program counter providing advanced energy software moni-
toring capabilities. It also provides a basic level of integration with
the Network Analyzer network analysis tool.
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KEY POINTS

« Analyze power consumption of entire
systems

« Profile energy use in relation to code
execution

« Investigate network communications in
relation to power consumption
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1. Development Environment Compatibility

This document applies to the Energy Profiler in Simplicity Studio 4. If you are using Simplicity Studio 5, see Simplicity Studio 5 User's
Guide Energy Profiler section.
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2. Introduction

Energy saving and efficiency are at the top of developers’ priorities for an ever-growing number of embedded systems applications.
These constraints can be due to government regulations (for example, metering applications), a requirement to increase battery life, or
simply a need to lower the electricity bill. In battery-operated systems, energy efficiency often plays the most important role. In cases
where developers are satisfied with their system’s battery life, increasing the energy efficiency means they can switch to a smaller and
cheaper battery, which will lower the overall cost. There are also situations where the operating life must be extended to the absolute
maximum, such as products where the battery cannot be replaced or replacement involves very high costs.

Having a low power MCU by itself does not mean you will have lower energy consumption. The trick is to optimize your software not
just in terms of functionality, but also with respect to energy efficiency. Having full control of the hardware surrounding the MCU and
optimizing the overall software and peripheral usage are crucial factors for reducing system energy consumption. Software is not usual-
ly seen as an energy drain, yet every clock cycle consumes energy. Minimizing the number of clock cycles becomes a key challenge in
order to reduce overall system consumption.

Multi-Node Energy Profiler enables you to visualize the energy consumption of individual devices, multiple devices on one target sys-
tem, or a network of interacting wireless devices in order to analyze and improve the power performance of these systems. Real-time
information on current consumption is correlated with the program counter providing advanced energy software monitoring capabilities.
It also provides a basic level of integration with the Network Analyzer network analysis tool.

2.1 Terms and Definitions

AEM: Advanced Energy Monitor

ISD: This is the file extension used on Multi-Node Energy Profiler and Network Analyzer files.

PTI: Packet Trace Information

SDK: Software Development Kit
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3. Starting an Energy Analysis Session

An energy analysis session can be started from either the Simplicity IDE or from within Multi-Node Energy Profiler.

3.1 Starting an Energy Analysis Session with an SDK Example from the Simplicity IDE

Many Silicon Labs SDKs contain examples that are pre-configured to deliver energy profiling data to Multi-Node Energy Profiler. In the
Simplicity Studio Launcher perspective, you can find example titles such as “Powertest” or “Energy modes” or “Emode” for many devel-
opment kits. In the figure below, the selected device is an EFR32 development kit. The Flex SDK has been installed and the Software
Examples launcher column has been scrolled down to the “RAIL: Energy Mode” example. Click the example to create a new project
based on that example.

5 Lincher - Smpheity Studie o x
[le (St Hedgae Sagch Proct Ben Window Help
S = B F 2 | Laencher {} Serphoty 106 J¢ Enengy Profite
[ Axge-ge=n

ok Scen Lt (R01E7) No name (10.12.25.37)

unk Sdcon Lats [$30051143)

J-Link Scon Labe: A0

ALk §con Lats
e 10 Mo mame (BLIZISET)

F rmsnan s

Getting Started Documentation Compatible Tools Resources

Demos =4 ¥ = Software Exampies =+ 5= 50K Documentation ol Jl

Conmest (ol Sink [

Connbct (560 Wire- Replst emmeat [

oy Click a device to displa
compatible examples.
Look for an energy- or
power-related example
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a.m. Dty Cpeke. [
-fm Energy Mode [
RAIL: Light "
a...\n RAMTEST "

RAIL: Range Test - FHY: 250k 2ghi bane [

& Net LiggedIn € 2018 Shicon Labs

Simplicity Studio prompts you to switch to the Simplicity IDE perspective, as shown in the following figure. Click [OK].

st Create Example Project b4

i Would you like to switch to the Simplicity IDE perspective and create this Example
Project now?

Yes No

silabs.com | Building a more connected world. Rev.0.2 | 5




UG343: Multi-Node Energy Profiler User's Guide
Starting an Energy Analysis Session

The example opens in the Simplicity IDE perspective. Because this is a wireless example, it opens in AppBuilder. First, click [Generate]
to generate the project files. Next, open the project-level context menu and select “Profile as Simplicity Energy Profiler Target” as
shown in the following figure.

se% Simpilcity IDE - Sibean Labs Fle SDECA Users\torudnek SmpheayStusiotd_mutinode Stageg 1500 emede emede ise - Smploty Studin ~ - o x
File Edt Movgate Sewch Preject Bun Wedow el
M@ DRl 2| Launcher |1} Simplicity 0
15 oot Bploies I [ renadess & =N
v 1 armode |G RS wLAE - e :
) Siicon Labs Flex S0K, version:21.00 1 > B Generate | | o Proviem
& Genennt ) 1A Prnn & & cum
= Applcation confiquration ~ Infarmation Configuration
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Simplicity Studio then:
1. Rebuilds the entire project.
2. Flashes the application to compatible hardware.
3. Starts energy capture for that device.
4. Switches to the Multi-Node Energy Profiler perspective.
5. Displays the device data on Single-Node View, Multi-Node View, and Scope View.

In step 2 above, if more than one device is compatible with the application being profiled you will be presented with a list of connected
devices. Select the compatible device of interest and click [OK].

== Select Device X

Select a device that's compatible with EFR32ZMG12P433F1024GL125.

J-Link Silicon Labs |

iron Labs (-

J-Link Silicon Labs (441100708) :

MNet 1(10.12.25.37) : EFR32MG12P433F1024GL125
Met 2 (10.12.25.39) : EFR32MG12P433F1024GL125

Mo name (10.12.25.40) : EFR32MG12P433F1024GL125

Mchd2472 : EFR32MG12P432F1024GL125 (10.12.25.77)

[]Remember my decision

0K Cancel
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3.2 Starting an Energy Analysis Session from Energy Profiler

If an embedded application is configured to produce energy data and is already running on a device, it is possible to connect to it from
the Multi-Node Energy Profiler tool. In the Multi-Node Energy Profiler perspective, click the “Quick Access->Start Energy Capture” menu
as shown in the following figure.

== Energy Profiler - Simplicity Studic ™
File Edit Mawvigate 5Search Project Run  Profiler Window Help

Quick Access  ~ ||
Start Energy Capture

Stop Energy Capture
Open 15D File...
Open Recent

Run Demao...

Open MNew...
End/Save Session

(no launch history)

If more than one device is compatible with the application being profiled you are presented with a list of connected devices. Select the
compatible device of interest and click [OK].

== Select Device x

Select a device that's compatible with EFR32ZMG12P433F1024GL125.

~
Labs (447 5)
MNet 1(10.12.25.37) : EFR3ZMG12P433F10246L125
MNet 2 (10.12.25.39) : EFR3ZMG12P433F10246L125
MNe name (10.12.25.40) : EFR3I2MG12P433F1024GL125
v

[JRemember my decision

0K Cancel

The Multi-Node Energy Profiler tool:
 Starts energy capture for that device.

» Depending upon which view is currently active, displays the device’s energy data on Single-Node view, Multi-Node view, or Scope
view.
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3.3 Customer Hardware and Software Design Information

3.3.1 Hardware Design

3.3.1.1 EFM8 Hardware Interface

To use the Multi-Node Energy Profiler functionality on a board design, the board needs to include a debug interface that can be connec-
ted to a Silicon Labs STK or WSTK. For the basic Multi-Node Energy Profiler current measurements the board must be powered from
the VAEM supply of a Silicon Labs STK or WSTK. Both the current measurement and EFM8 C2 Debug interface can be obtained by
using the Silicon Labs Mini Simplicity 10 pin connector. This connector is detailed in AN958: Debugging and Programming Interfaces
for Custom Designs (an958-mcu-stk-wstk-guide.pdf). The EFM8 C2 interface signals are on SWDIO (Pin 7 C2D) and SWCLK (Pin 8
C2CK) pins shown in the following figure. Code correlation is not possible with the EFM8 parts as they do not include the SWO pin that
is used to transmit the program counter information. As mentioned in AN958, using the Silicon Labs debug adapter board (BRD8010A)
is the easiest way to get the Mini Simplicity pinout from a Silicon Labs STK or WSTK development kit.

VAEM| 1] 2 |[GND

RST| 3 | 4 |[VCOM_RX

VCOM_TX] 5| 6 |SWO

SWDIO| 7 | 8 [SWCLK

PTI_FRAME| 9 | 10 |PTI_DATA

Figure 3.1. Mini Simplicity Connector Pinout

3.3.1.2 EFM32 and EFR32 Hardware Interface

To use the Multi-Node Energy Profiler P functionality on a board design, the board needs to include a debug interface that can be con-
nected to a Silicon Labs STK or WSTK. For the basic Multi-Node Energy Profiler current measurements the board must be powered
from the VAEM supply of a Silicon Labs STK or WSTK. To also include code correlation the debug interface must include the SWD
interface. Both the current measurement and the code correlation (SWD) can be obtained by using the Silicon Labs Mini Simplicity 10
pin connector. This connector is detailed in AN958: Debugging and Programming Interfaces for Custom Designs (an958-mcu-stk-wstk-
guide.pdf). The Mini Simplicity 10 pin connector can be used with all EFM32 and EFR32 parts. The pinout is shown in Figure 3.1 Mini
Simplicity Connector Pinout on page 8. As mentioned in AN958, using the Silicon Labs debug adapter board (BRD8010A) is the easiest
way to get the Mini Simplicity pinout from a Silicon Labs STK or WSTK development kit. The debug adapter board is not compatible
with the older EFM32 Development Kits (DKs) and some of the older EFM32 starter kits (STK) that have a different debug connector on
them (Gecko, Giant Gecko (EFM32GG-STK3700), Leopard Gecko, Tiny Gecko, Wonder Gecko, Zero Gecko).

3.3.2 Software Configuration

To use the current monitoring functionality provided by the AEM interface, no software changes or setup are required. To use the code
correlation functionality the SWD interface must be configured to output periodic program counter information.

3.3.2.1 EFMS8 Software Configuration

Currently code correlation is not possible with the EFM8 family, but the Multi-Node Energy Profiler can still be used to monitor the over-
all energy use of the parts over time / usage scenarios.
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3.3.2.2 EFM32 Software Configuration

1. Add bsp_trace.c to the project. (from [SimplicityStudioSDKDirectoryl/hardware/kit/common/bsp)
2. The macros BSP_TRACE_SWO_PIN, BSP_TRACE_SWO_PORT and BSP_TRACE_SWO_LOC must be defined.

For EFM32 parts this is done by default for Silicon Labs development kits in hardware\kit\KIT_NAME\config\hal-config-board.h. For
a custom board design the Silicon Labs hal-config-board.h can be used as an example for defining the values. The following is an
example for the Pearl Gecko Starter Kit (SLSTK3401A):

Il $[CPI Qg

#defi ne PORTI O _GPI O SW/_PI N (2)

#def i ne PORTI O_GPl O_SW/_PORT (gpi oPort F)
#define PORTI O GPI O SW/_LOC (0)

#defi ne BSP_TRACE_SWO PI N (2)

#def i ne BSP_TRACE_SWO PORT (gpi oPort F)
#defi ne BSP_TRACE_SWO LCC (0)

/1 [CPIO$

3.The code must enable SWO output from the MCU. To enable this output, add ‘#include bsp_trace.h’ to main.c and call
BSP_TraceSwoSet up() during initialization after the EMJ_DCDCI ni t () call in main().

#i ncl ude <stdint.h>
#i ncl ude "bsp_trace. h"

/* Initialize DCDC. Always start in | ow noise node. */
dcdcl nit.dcdcMode = emuDcdcMbde_LowNoi se;
EMJ_DCDCl ni t (&dcdcl nit);

/1 Setup SWD for code correl ation
BSP_Tr aceSwoSet up() ;

4.The program must be built with debug information enabled so that source code lookup is possible. If you create your project in
Simplicity Studio, this is enabled by default. If you import a project into Studio, check compiler options in project context menu
"Properties...-> C/C++ Build -> Settings". If you build your program outside of Simplicity Studio, check compiler options of the build
tools.

silabs.com | Building a more connected world. Rev.0.2 | 9




UG343: Multi-Node Energy Profiler User's Guide
Starting an Energy Analysis Session

3.3.2.3 EFR32 Software Configuration

1. Add bsp_trace.c to the project. (from [SimplicityStudioSDKDirectory)/hardware/kit/common/bsp)
2. The macros BSP_TRACE_SWO_PIN, BSP_TRACE_SWO_PORT and BSP_TRACE_SWO_LOC must be defined.
a.With the BLE SDK this is done by default for Silicon Labs development kits in hardware\kit\KIT_NAME\config\hal-config-

board.h. For a custom board design the Silicon Labs hal-config-board.h can be used as an example for defining the values.
Below is an example of these macros for a SiLabs BGM121 radio board:

/1 $[GPIQ

#define PORTI O GPl O SW_PIN (2)

#def i ne PORTI O _GPl O_SW/_PORT (gpi oPort F)
#defi ne PORTI O GPl O SW/_LOC (0)

#defi ne BSP_TRACE_SWOD PI N (2)

#def i ne BSP_TRACE_SWO PORT (gpi oPort F)
#defi ne BSP_TRACE SWD LOC (0)

/Il [GPIO$

b.For Flex and EmberZNet SDKs, in the Hardware Configurator enable the GPIO module. This adds the BSP_TRACE_SWO_*
macros to the hal-config.h file.

— || v 35 DefautMode
DefaultMode Peripherals i} Peripherals
A v & Portl/O

% Porth
D 7 PontB
Peripherals B 7 PortC
 PortD

[E(Mll ][ & pcpc ][ Clemu ][ 1GPIO ][ Olezce M OlLewarTo ][ Clers ][ HAen

# PortF
USART? H CJWDOG ]

{ I TIMERD }{ CITIMERT ][ USARTO

D [T Properties &3 | $# Peripheral Mapping
HAL E3
Properties of GPIO

{ [ Bootloader Entry ][ M Button M [J5Pi Flash ][ 42 Sensor H [12€ 10 Expander ][ =]t ][ [ 5P Display ]

Property Value

v

D Serial Wire Output pin PF2
NCP S
[Oseince [JuarTNCP

[ ,a

{ [ Antenna Diversity H [ Coesistence ][ [ EzRadioPre ][ [ Extemat LNA ]
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3. The code must enable SWO output from the MCU. To enable this output, add ‘#include bsp_trace.h’ to the appropriate module and
call BSP_Tr aceSwoSet up() during initialization as indicated in the following sections, based on the product family and SDK being
used:

a.EFR32 - BLE SDK: Place BSP_Tr aceSwoSet up() in main.c after the ini t App() call.

#i ncl ude "bsp. h"
#i ncl ude "bsp_trace. h"

/1 Initialize application

i ni t App();

/1 Setup SWD for code correl ation
BSP_Tr aceSwoSet up() ;

// Initialize LEDs
BSP_Ledslnit();

b.EFR32 — Flex SDK: Place BSP_Tr aceSwoSet up() in main.c after the BSP_I ni t () call.

#i ncl ude "hal _common. h"
#i ncl ude "bsp_trace. h"

/Il Initialize the BSP
BSP_I nit (BSP_I NI T_BCC);

[/l Setup SWD for code correl ation
BSP_Tr aceSwoSet up() ;

c.EFR32 — EmberZNet SDK: Place BSP_Tr aceSwoSet up() in af-main-soc.c after the enber 1 nit () call.

#i ncl ude "af v2- bookkeepi ng. h"

#i f defi ned( CORTEXMB_EFR32_M CRO) || defi ned( CORTEXM3_EMBER M CRO)
#def i ne EXTENDED RESET | NFO
#i ncl ude "hal / m cro/ cortexnB/ di agnostic. h"

#endi f

#i ncl ude "bsp_trace. h"

int enber Af Mai n( MAI N_FUNCTI ON_PARANETERS)

Enber St at us st at us;

{
int returnCode;
i f (enmber Af Mai nSt art Cal | back( & et ur nCode, APP_FRAVEWORK MAI N_ARGUMENTS) ) {
return returnCode;
}
}

[/l Initialize the Enber Stack.
status = enberlnit();

if (status != EMBER SUCCESS) {
ember Af CorePrintl n("%enberlnit Ox%", "ERROR ", status);

/'l The app can choose what to do here. |If the app is running
/1 another device then it could stay running and report the
[l error visually for exanple. This app asserts.
assert(fal se);

} else {
enber Af DebugPrintIn("init pass");

}

/] Setup SWD for code correlation

BSP_Tr aceSwoSet up() ;
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4.The program must be built with debug information enabled so that source code lookup is possible. If you create your project in
Simplicity Studio, this is enabled by default. If you import a project into Studio, check compiler options in the project context menu
"Properties...-> C/C++ Build -> Settings". If you build your program outside of Simplicity Studio, check compiler options of the build

tools.

Rev.0.2 | 12
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4. Multi-Node Energy Profiler User Interface Overview

The Multi-Node Energy Profiler user interface is divided into six primary sections. The following figure shows Single-Node view.

* Quick Access Menus — The most frequently used menus for Multi-Node Energy Profiler are available on the user interface itself and
also from the Profiler menu at the top menu bar.

» View Selector — Three views for Multi-Node Energy Profiler can be selected by clicking the View Selector bar.
» Data Control — Controls in this area are used to enable and disable data flow to the user interface and to disk.
+ Statistics — Energy data for the waveform is shown in the statistics area.

» Code Correlation — Function execution related to power consumption is shown in the Code Correlation view.
+ Editor — Source code for the program is shown here and works in conjunction with the Code Correlation view.

2| 4 Louncher {} Senphoty 06 s Energy Profler

View Selector Data Control Statistics

aliasiadss

raturn [(eaddfl 3> Bif) € 1r

& Mt Legged In Captuse with sclspter |__sbs (430018737 I € 2018 Secom Labs

4.1 Energy Analysis Views

Three views are available for evaluating power performance:
» Single-Node view
* Multi-Node view
» Scope view

Select the desired view by clicking the view name in the View Selector bar of Multi-Node Energy Profiler. In the following figure, Single-
Node view has been selected.

'

@) Single-Node
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4.1.1 Single-Node View

Single-Node view is used to display a single device’s waveform and events. It displays a high detail waveform and ensures that all
events rows are visible, without the need to scroll the Ul. The Energy Profiler perspective combines this Single-Node view, the Code
Correlation view, and the source code Editor view, allowing you to perform in-depth analysis of a single device from many viewpoints.
Any active device may be selected through the “Display Nodes” menu selector.

ost mngy Preties

e fdt Soure et

woguie Sepch Project Bun Profies Window Help
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4.1.2 Multi-Node View

Multi-Node view is used to display multiple device waveform and events. It allows you to investigate system behavior and interactions
between devices. Two devices are visible in the main portion of the Ul, while others are viewed by scrolling. The Multi-Node view
groups each individual device’s waveform and events together. The Energy Profiler perspective combines this Multi-Node view, the
Code Correlation view, and the source code Editor view, allowing you to perform in-depth analysis of multiple devices from many view-
points.

ost mergy Prelias - Smghoty Stuse - o x

Bie [t Soarce Fefacier Weeguie Sepch Projct Bun Frofde Window Hep

4 SysTiok_Mandlar (woid)

Cantribiion (%)
2
-

AT vetay
L] bus fegBenined

£ Net Logged In Capture with adapter L_sbs (4400107T7) N & | © 2000 Sicon Labs

Multi-Node view offers the following capabilities:
» Sorting
* Node display control

4.1.2.1 Sorting in Multi-Node View

Sorting in Multi-Node view allows you to order waveforms based upon several criteria. For example, it may be useful to sort descending
by average power, such that the highest power consumers are easily identified at the top. As shown in the following figure, devices may
be sorted ascending and descending by name, average current, average power, or total energy.

~  Name(A-Z)
Mame(Z-A)
FAwg Current (asc 1)
Aorg Current (desc L)
Aorg Power (asc 7)

FAovg Power (desc 1)

Total Energy (asc 1)

Total Energy (desc L)
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4.1.2.2 Displaying Nodes in Multi-Node View

Enabling capture on any device automatically adds it to the Multi-Node view. However, as the number of devices displayed increases,
Ul performance may be impacted. Click [Display Nodes] to select the devices that will be displayed. This selection only affects the
waveform display. If recording is enabled, data for all actively capturing devices is streamed to disk regardless of whether or not they
are displayed.
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4.1.3 Scope View

Scope view is used to display multiple device waveforms and events, allowing you to investigate system behavior and interactions be-
tween devices. In Scope view, all waveforms are displayed in one waveform area, so that you can see all waveforms without needing to
scroll the UL. It also enables the user overlay and align traces like an oscilloscope. All event traces are grouped below the waveform
view. The Energy Profiler perspective combines this Scope view, the Code Correlation view, and the source code Editor view allowing,
you to perform in-depth analysis of a single device from many viewpoints.

ost mngy Preties

e fdt Soure et

woguie Sepch Project Bun Profies Window Help

woid SysTiok_Randler

. Function Contribution (¥}
AT vetay L85 nuT
1% Bus fegBefived

% >
Capture with aclapter |_sbx (40014777 W & | © 208 Slicon Labs

Scope view offers the following capabilities:
» Sorting

* Node display control

» Waveform display control

silabs.com | Building a more connected world. Rev. 0.2 | 17




UG343: Multi-Node Energy Profiler User's Guide
Multi-Node Energy Profiler User Interface Overview

4.1.3.1 Sorting in Scope View

Sorting in Scope view allows you to order events based upon several criteria. For example, it may be useful to sort events descending
by average power, such that the events for the highest power consumers are easily identified at the top.

Cisplay Modes  Sortby = Search ':!.__

Name(A-Z)
Mamel(-A)

HAvg Current (asc 1)
HAovg Current (desc 1)
Avg Power (asc 1)
fovg Power (desc 1)
Total Energy (asc 1)
Total Energy (desc 1)
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4.1.3.2 Displaying Nodes in Scope View

Enabling capture on any device automatically adds it to scope view. However, as the number of devices displayed increases, Ul per-
formance may be impacted. Click [Display Nodes] to select which devices will be displayed. This selection only enables or disables
display of waveform and event data in the UL. If recording is enabled, data for all actively capturing devices is streamed to disk regard-
less of whether they are displayed.

44.33
Runring Recording

54,50

Current

== Display Node

Select devices to display:

i-Link Silicon Labs (440018737)}
[ J-Link Silicon Labs (440050039)
[ J-Link Silicon Labs (440053983)

Select All | | Select None

FPS:18.00
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4.1.3.3 Adjust Waveform Size in Scope View

One of the Scope view’s key benefits is the ability to view waveforms in a single view at difference scales, enabling you to compare
waveform characteristics that would not be possible for two waveforms on the same scale. The waveform scale/offset controls are
available by default at the upper right corner of the Scope waveform view. The color of the waveform scale/offset control indicates
which waveform will be adjusted when the sliders are moved.

The drop-down menu at the top of the control allows you to select which device should be adjusted by the waveform scale and offset
control. The debug adapter name colors match the colors in the waveform portion of Scope view.
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Wave scale/offset control display may be toggled using the show/hide button above it.

4.2 Selecting Ranges

Multi-Node Energy Profiler provides the ability to select a range of data by clicking and dragging across the waveforms or events. This
is useful for determining power statistics for regions of interest. Once a range is selected, a light gray section summarizing the energy
statistics for the selected region is displayed. That section also allows you to re-center the selection in the waveform view if it has scrol-
led out of view and includes a button to close/deselect the region.

17418

Current
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5. Energy Statistics

Multi-Node Energy Profiler calculates the following device and system statistics.

» Average current

* Average power

+ Total energy

Statistics are provided for each individual device in the waveform’s top bar on both Single-Node and Multi-Node views. The sum for all

devices is provided in the top bar of Multi-Node Energy Profiler for all three views. Single-Node and Multi-Node views provide individual
device statistics, while Scope view does not.

Multi-Node

Total device stats Total device stats
for all time for selected time
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5.1 Energy Statistics Configuration

Multi-Node Energy Profiler allows you to select which of the actively capturing devices are included in the total system energy statistics
calculation displayed in the top bar. Click the Energy Statistics Configuration icon and select the devices to be included in the calcu-
lation. It is important to note that the devices available for selection are those that are actively capturing data, which may be different
from the devices that are selected for display in the UI.

Current

= Energy Statistics Configuration

Select devices to include in statistics:

J-Link Silicon Labs (440018737)
J-Link Silicon Labs {440053983)
J-Link Silicon Labs {441100108)
Mo name (10.12.25.37)
Mo name (10.12.25.40)
Ne name (10.12.25.39)

Select All | | Select None
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5.2 Save Snapshot of Session Statistics

Multi-Node Energy Profiler allows you to save statistics for future reference and comparison. Click the Save Snapshot icon on any of
the energy statistics panels and be presented with a dialog to provide a name and tag for future reference.

e

Fiozen | Recording

Current

Save statistics for entire system, single
device, all time, or selected range

TN 2 me: | ] wumi womn

Tags: | J-Link Silicon Labs {440018737), J-Link Silicon Labs(MDDS:|

Cancel Save
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5.3 Review Saved Session Statistics

Once you have saved multiple snapshots, you may want to review them, or to copy them to the clipboard for use in other applications.
This is possible through the “Profiler->Session Statistics...” menu.

== Energy Profiler - Simplicity Studic ™
E

ile Edit Source Refactor Mavigate Search Project Run  Profiler Window Help
Start Energy Capture
Connect Test Device

Stop Energy Capture | ’ .

Open Recent Frozen Recording

Run from Derne...

Run frem Image...

) = Energy Profiler Session Statistics
End/Save Session

Open I5D File...

oo o0 il Saved Session Statistics

Search...

| Search Tags
Cancel Search

Session Date Saved Time Span  AVG Current  AVG Power  Total Energy Tags

s Session | MENM 4430185 17.93mA 58.93mW  50.34mWh  J-Link silicon Labs... |
Eecslinoet session 2 WIB00E s 14.59mA 48.20 MW B6.60 pWh  J-Link silicon Labs...
Arm Record Start 19:16:23

2018-01-04 J-Link Silicon Labs

A Record Stop Session 3 191605 4436.685  1.9BmA  6.45mW  7.86 mWh (40018737

Session Statistics... . 2018-01-04 J-Link Silicon Labs
Session 4 6.49 s 799.30 pA 2.61 mW 4.69 pWh (440013737

Freeze Trigger...

19:16:28
I O Cr Y 2018-01-04 J-Link Silicon Labs

Session 5 T 4439.58 5 1.90 mA 6.29 mW 7.66 mWh (440053983)

A 2018-01-04 J-Link Silicon Labs
Session & 19:16:32 6.49 s 4.30 mA 14.16 mW  25.25 pWh (440053983)
. 2018-01-04 No name

Session 7 19:16:42 6.49 s 3.33 mA 11.10mW  19.99 pWh (10.12.25.37)
2018-01-04 No name

Session 8 19:16:43 4451.99 s 3.33 mA 11.10 mW  13.88 mWh (10.12.25.37)

-
I Copy te Clipboard...
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6. Play and Record Data Control

The diagram below provides a general description of data flow from target devices into Simplicity Studio profiling applications. Data is
sourced from target devices from the debug adapter either through USB or Ethernet connectivity to the host PC. The host debug adapt-
er software layer provides data to the AEM/PTI data streaming engine, which in turn provides data to analysis applications such as
Multi-Node Energy Profiler or Network Analyzer. The AEM/PTI data streaming engine saves data to disk in temporary files during a
capture session. When the user ends the session, Multi-Node Energy Profiler prompts the user with the option to save the data to file.

Energy Network
Profiler Analyzer

AEM/PTI Data Streaming Engine

Host Debug Adapter Interface

UsB Ethernet

Debug Debug
Adapter Adapter

Target Target
Device Device

Play and record controls in the top bar of the Multi-Node Energy Profiler provide control over data being captured from connected devi-
ces.
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6.1 Play Control

The Play control determines whether data being captured is displayed in the Multi-Node Energy Profiler Ul. The Play control has three
states:

* Running (green)
» Paused (black)
* Frozen (orange)

>

Running

The “Running” state is entered when a capture is first started. When the Play control is green and displays “Running” it
’ means energy capture data is actively arriving and being displayed on the Ul. The visible portion of the waveform and

events is the most recently captured data as it is arriving to Multi-Node Energy Profiler. The time position scroll bar is all
LU= | the way to the right.

The “Paused” state is entered by clicking the Play button while it is in the green “Running” state. The Play control turns
black and displays “Paused” indicating energy capture data is actively arriving, but it is not being displayed on the Ul.
The visible portion of the waveform and events may be anywhere on the timeline of previously captured data. Pausing
the display has no effect on whether data is saved to disk. Save to disk is determined by the state of the Record control.

The “Frozen” state means energy capture data is actively arriving for display, but the visible portion of the waveform and
events in the Ul is previously captured data. The time position scroll bar may be anywhere on the timeline of previously
captured data. The “Frozen” state is entered when the Ul is in the play state and the time position scroll bar is scrolled or
moved to the left. The “Frozen” state may also be entered as the result of a “Freeze trigger” condition. The “Frozen” Play
control state has no effect on whether data is saved to disk. Save to disk is determined by the state of the Record con-
trol.

6.2 Record Control

The Record control manages data streaming to disk. There are two states to the Record control:
* Recording (red)
* Not recording (black)

Recording

When the Record control is red and displays “Recording” it means energy capture data is actively arriving and is being
saved to temporary files to disk. When an energy capture is started, the “Recording” state is entered automatically. The
state of the Record control has no effect on the Play control or the data being displayed in the Ul. Clicking the Record
control while in the “Recording” state transitions to the “Not Rec” state (that is, not recording). The “Recording” state
may also be entered by use of Record triggers.

When the Record control is black and displays “Not Rec” (that is, Not Recording) it means energy capture data is active-
ly arriving but it is not being saved to disk. The “Not Rec” state is entered by clicking the Record control when it is in the
“Recording” state. The state of the Record control has no effect on the Play control or the data being displayed in the Ul.
Clicking the Record control while in the “Not Rec” state transitions to the “Recording” state. The “Not Rec” state may
also be entered by use of Record triggers.
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7. Freeze and Record Triggers

Triggers provide a method to automate freezing the display or recording to disk. Trigger icons are found below the Play and Record
controls. Three triggers are available.

* Freeze trigger
* Record start trigger
* Record stop trigger

> e

Running Recording

Start Stop
. record record
trigger trigger trigger

Freeze

Triggers are driven by criteria set by the user. To set the criteria, use the context menu available from each trigger icon. The context
menu also provides the ability to clear all conditions, which also disables the trigger.

> e

Running Recording

Configure Freeze Trigger

Clear Trigger Condition

Recording

Configure Start Record Trigger
Clear Trigger Condition

® -

Running Recording

Configure Stop Record Trigger

Clear Trigger Condition
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7.1 Trigger States

The four trigger states are each designated by a color:

» Grey — Trigger conditions are not set

* Yellow — Trigger conditions are set, trigger is not armed
* Red - Trigger conditions are set, trigger is armed

» Green — Trigger has fired

When Multi-Node Energy Profiler first starts up in a new workspace, all trigger icons are grey indicating trigger conditions have not yet
been set. Clicking a grey trigger icon opens the trigger configuration dialog box, allowing you to specify trigger conditions. Once trigger
conditions have been set, the trigger icon turns yellow indicating the trigger conditions are set, but the trigger is not armed. Clicking a
yellow trigger icon arms the trigger as indicated by the trigger icon turning red. Incoming data is now evaluated against the trigger con-
dition. Once the trigger condition is satisfied, the trigger icon turns green indicating the armed trigger has fired. The relevant action
(freeze, record start, or record stop), will have been executed. The following diagram shows the trigger state behavior.

I

Trigger fired

User clicks frigger icon User clicks trigger icon

Trigger conditions set

h —_—P
Trigger not armed

>
Trigger

User sets

trigger User clicks condition
90 trigger icon e
conditions occurs in
data

User clears trigger conditions
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7.2 Freeze Trigger

The freeze trigger transitions the user interface from play to freeze mode automatically based upon search criteria. The freeze criteria
are set through the Freeze Trigger Conditions dialog, which is invoked through the “Profile->Freeze Trigger...” Simplicity Studio appli-
cation menu or through the context menu “Configure Freeze Trigger” on the freeze trigger icon in Multi-Node Energy Profiler.

=1 Freeze Trigger Condition ] X
Define the condition which will freeze the graph when evaluating to true
L+
B| | OR
ol [Curent  v| [>= v [1maA |
a] |Power v 5=~ [1omw |

Add Condition

Expression: | OR(Current >= 1mA, Power >= 10mW) ‘

Errors: | ‘

0K Cancel

In the following diagram, the play freeze trigger condition has occurred in the incoming data. Freeze mode is automatically entered for
the waveform display and data continues to arrive as indicated by the scroll bar automatically moving to the left as new data arrives.
Notice that the freeze trigger icon is green, indicating the trigger condition has occurred in arriving data.

Iti-Node

Current

Freeze trigger condition
met, display is frozen, data
continues to arrive
u'a Ilu\I”' mirm F”u ” AT vt e ik V"'!\””M,,' ’\M

i LD T """‘("" i r'w’n‘y \r""nr Ll n”\“

\M \’M 'M’W\W\’u- f"‘ \M \anwu m

ALK il \'m\ ','{"f ﬁir\'rhﬁl‘\"‘\ Y rf\,\v‘\mnrw Wl

AUt A e A WAL u‘

I i
'MJ\ron.\rm‘.r.'f"'wm‘w"ﬁ‘“u*'/r‘hurﬁ'” J r"w”\‘ﬂr‘f'W“WM‘m r"\r\vﬂ‘\l‘lr r\ﬁ\'mru,m,w“w‘ Wi F"'f"w'h'v“'f'mf\r\r Wi
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it I lf“\ﬂr\'
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7.3 Record Start/Stop Triggers

The record start/stop triggers automatically start and stop data record to disk based upon search criteria. This may be beneficial for
capturing rare conditions rather than recording large amounts of data followed by search. The record start criteria are set through the
Record Start/Stop Trigger Conditions dialog, which is invoked through the “Profile->Record Triggers...” menu or through the context
menus “Configure Start Record Trigger” and “Configure Stop Record Trigger” on the trigger icons below the Record control in Multi-
Node Energy Profiler. The record start/stop trigger conditions are set together in a single dialog as shown in the following figure.

#=1 Record Start/Stop Trigger Conditions O X
The Start condition defines a trigger to begin collection of data The Stop condition defines a trigger to end collection of data
[[] Disable Start Condition [] Disable Stop Condition
[ armed [ Armed
Define an expression for the starting cendition Define an expression for the stopping condition
L e, g
B | OR ~ 8 |f i) |true v
B| | Current ~| |2= ~| [1mA
B| | AvgPower ‘ 50ms ‘ = v | 10mW |
Add Condition
Expression: | OR(Current == 1mA, AvgPower(30ms) == 10mW) | Expression: | Ric == true |
Errors: | | Errors: | |
oK Cancel

In the following figure, the record start trigger condition has occurred in the incoming data as indicated by the green record start trigger
icon. The record stop trigger condition has not yet occurred and data will be written to disk until it does.

> e

ning  Recording

Record start trigger
condition met, data is being
rgcoreded t_o_disk, stop
o R 'uruu\.(hulu e R e t"gger;:tn:c::::e:“ ol Ml 'w “ul (W Y T A
Nr I m (MR '\r'“‘wrw’ Ul I l i T WWM( 1y M e w iy Wil i

i i N

il . ' . Y o § il : i
Wi 'y',‘wr\rnlirhnw u‘vw‘I'y'f\r'e\’n\“‘m, f \\'r‘fv Y 'ﬁ'\‘qi ’M’f’w AR ‘\n'm'h‘n',w o Wil wn\r"f‘.'r"r‘«'/\ﬂnm’;.‘,'
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8. Search Capability

One of the most powerful aspects of Multi-Node Energy Profiler is the ability to search data. Search is available both during a live cap-
ture and with an offline ISD file. Click [Search] to open the Search Conditions dialog.

File Edit Source Refactor Mavigate Search Project Run  Profiler Window Help

> e

Running  Recording

Multi-Node

Current  Voltage  Avg

== Create
Define the search condition

B |AND ~

H| Current

| Voltage

Add Condition

8 Tx v true v

Add Condition

Expression: | AND(OR(Current >= 10mA, Voltage >= 3.5V), T == true)

Bros: |

When you click [OK], a search is performed on all data currently available, whether from the currently active capture or in offline mode
from an open file. The search results window is displayed upon completion.
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Sections where the data matched the criteria are shown in red. A summary of the count and % coverage of the matching regions is
shown at the upper right. Use the context menu to jump to the matching area in the waveform view from the search results window.

Search Expression: Tx == true Q Search Coverage: 0.425%, 46 Results €3

|

[ ¥

~| i Search result summary
WWWWW |

Data matching search
highlighted in red, use
context menu to open in
waveform view

L LM
A et | JH | Ml

e T T T
'L& uj

Show in graph

LB A AR A A A |

l J
vty NﬂWNM.IrMMMMN‘MMMMMMMMMWMMWMMHMH'H”W]
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9. Profiling with Code Correlation

Code correlation is one of the most powerful features in Multi-Node Energy Profiler. Multi-Node Energy Profiler captures program exe-
cution in conjunction with the energy data. This allows Multi-Node Energy Profiler to calculate the power consumed by each function
executed in the application. This data may then be sorted to highlight the portions of an application that consume the most power. This
enables the application developer to know where they should concentrate their software development efforts to reduce power consump-
tion. Additionally, Multi-Node Energy Profiler can color-code sections of the current waveform to represent which functions were execut-
ing when a given section of the current waveform occurred.

9.1 Enabling Code Correlation Profiling

This section assumes an embedded application is already configured to produce AEM data through a debug adapter. For code correla-
tion to operate, Multi-Node Energy Profiler needs access to debug information associated with the embedded application that is current-
ly running. This information is available in the AXF file output from the build. Code correlation can be enabled when an application is
started from the Simplicity IDE through context menu commands for a given project, or it can be associated with an application already
running on an embedded device that is being profiled in Multi-Node Energy Profiler.

9.1.1 Code Correlation Enabled from the Simplicity IDE

One simple way to enable the code correlation view is to start the energy profiling session by using the context menu on the project
from the Simplicity IDE as shown below. The associated debug file will be provided to Multi-Node Energy Profiler when the session is
started.

ofi Gamphety D€ - Samphiciny Seudie e
e B Souwce Relwe Nowgite Sewch Proct R Window Help

90 -ir. Bl 55 | Lawmchar s Enangy Prosier | ] Samplicny 06
L Pt Explorns =& ] =]
[T T
o e M
5w Goiio
& | - i
S ST powrtest T — W C M hen Lty
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Once Multi-Node Energy Profiler starts, the following view is displayed. Notice in the Code Correlation view, energy consumed by each
function is updated in real time. Clicking any of the functions will open the associated source code file and jump to that function in the

file.

- o x

wri margy Praoties - STRI00 powere

Fie [t Surce Fefacser n Frolies Window Helg

T2 | Loumcher | A5 Brergy Profiler {} Smphety I0E

Function energy consumption
shown, and selected function is
shown at cursors in the edietor

Writable Smant imart | Hi1 Capture with aclapter |_sbx (40018717} W % | € 2098 Slicon Labs
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9.1.2 Code Correlation Enabled from the Multi-Node Energy Profiler

If you start energy capture with a running embedded application, Multi-Node Energy Profiler does not have the debug information it
needs to associate program execution with source code. In these cases, the Code Correlation view is as shown in the following figure.

[E2 Energy Profile (live) &3 ]E Energy Profile (range) | ® Devices: 13 | = g
J-Link Silicon Labs (440053983

NOTE: Cede correlation is not enabled ~

If you've already setup your device, then Select an Executable -—

Otherwise, follow the notes below for more details,

How te enable Code Correlation
for the
Simplicity Energy Profiler

Click the “Select an Executable” link and the program selection dialog is displayed. Debug files from open projects are provided in the
list. Alternatively, you may browse to select the debug file.

= X
Select a program or Browse

Select executable file that's running on
000440018737

Program Build Config Project
STK3600_powertest.anf GNU ARM +4.9.3 - Debug STK3600_powertest

Browse: ‘ =

@ OK Cancel
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9.2 Code Correlation View

The Code Correlation view is shown below the waveform portion of the Multi-Node Energy Profiler Perspective, and works in conjunc-
tion with the Editor view. When multiple devices are displayed in the Multi-Node view, you can click on each adapter to view the func-
tion profile data associated with that device. The function data may be sorted as desired. Clicking on any function opens the associated
source file in the Editor view with the start of scope for that function selected.

ot bnengy Freties &

e fdt Soure et

- o x

bweguie Sepch Project Bun Frofier Window el
T2 | Loumcher | A5 Brergy Profiler {} Smphety I0E

Click a funtion in the
profile view to open the
editor at that function.

Select an adapter to
see function related
energy data.

(T N ¢ tunctian [ Contribustion (%) A
L] Deley 61,4700 - —
BT s mngitiand 1203 6k s W
i, 441uwm L |
3500 s |
1844 Vs [ .
25558 itk ass Syatice bissbleq): i
15747 mite s v < 5
B Mot Loggedin Captune wth aclaptes st (4300107T7) I 1 | © 2018 Shcon L
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9.3 Color Coding and Code Correlation

Multi-Node energy profile provides the ability to color-code the current waveform based on program execution. You can set the color for
each function using the context menus in the Code Correlation view.

Select celor for 'BUS_RegBitRead' x

Basic colors:

= =
H NN
Nl
HE N
HE N
= e
C Function Energy (o)
I Delay 730,62 pWh Custom colors: |
proees————— S I
T cmu_oscil T aWh rrrrrrrrr— |
E‘E RTC_CounterGet 44.36 {Wh E—— |
delayTicks 40.24 yWh ]
ﬁﬁj SysTick_Handler 687.87 nWh Cancel |
Y| rTCORV StartTimer 558,27 nWh 0016% | |~
The following figure shows the current waveform view with several functions set to different colors.
- o x

e nargy Profiler - STIA00 poweriest/embi/em_emu.z - Smpleity Stusie ~
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Color coding set for
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10. Multi-Node Energy Profiler and Network Analyzer Integration

Note: This functionality is only available in offline mode with a previously saved ISD file.

Multi-Node Energy Profiler and Network Analyzer now provide a basic level of integration when trace data from a debug adapter in-
cludes both AEM and PTI data. This integration allows you to easily move between the two applications by selecting an event in either
one and selecting “Show in Network Analyzer” or “Show in Energy Profiler.”

Simplicity Studio provides a preference that determines whether moving between applications leaves the Multi-Node Energy Profiler
Perspective and opens the Network Analyzer perspective, or stays in the Multi-Node Energy Profiler perspective.

== Preferences O *
type filter text Energy Profiler Integration - > -
General

Decode AEM packets

C/C+ [ Retain AEM packets in network analyzer
Help [] Decode individual current sample
Install/Update [~ 5witch perspective when showing in network analyzer
v Network Analyzer Sample buffer capacity (s) 100
Capture Configuration Sample buffer capacity (N) 1000000

Capture File Storage [ Disable resampling
CDHHE.CtIVIt)f Display Sampling storage mechanism to use Samples stored in array ~
Decoding

Multiplier for average current circular buf'fer| 2

Energy Profiler Integration
MNode lcons
Optional Dialogs
Stream Visualization
Timeline
Wireshark

Run/Debug

Simplicity Studio

Team

Wireless Development

Restore Defaults Apply

To open a previously saved ISD file, either use the top menu “Profiler->Open ISD File...” menu or the “Quick Access->Open ISD File...”
menu, as shown in the following figure.

== Energy Profiler - Simplicity Studic ™

File Edit Mavigate Search Project Run @ Profiler Window Help
Start Energy Capture
Conpeciie-tievice == Energy Profiler - Simplicity Studic ™
Stop Energy Capture E

Multi-Node h

ile Edit Mavigate Search Project Run  Profiler Window Help

Open Recent

Run frem Demo...
Run frem Image...

. .t i m
End/Save Session Quick Access  ~ oy Multi-Node

Start Energy Capture
Open ISD File... gy Lap

Stop Energy Capture
Close ISD File P gy Lap

Open 5D File...

Search... Open Recent

Cancel Search Run Demo...

Freeze Trigger... Open New...

Arm Freeze End/Save Session

Recerd Triggers... (no launch history)
Arm Record Start

Arm Record Stop

Session Statistics...
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Once the file is open, you can examine previously recorded details. In the following figure, notice two devices transmitting and receiving
packets. Select a TX or RX event and display the context menu. One of the options will be “Show in Network Analyzer.”

- o x

Fun Frofer Window Felp

& Laun... () Simplicl.. - Energy Profiler .\ Hetwork Analyzer

Use the context menu on a
network event and choose
Show in Network Analzyer

Show n Sngle Hode view

€ 208 Shicon Labs

Select that option and the Network Analyzer view opens either in the Multi-Node Energy Profiler perspective or the Network Analyzer
perspective, based upon the preference setting.

- o x

rTgs e ] & Laun... () Simplicl.. & Energy Profiler .\ Network Analyzer

Aqzpeation Friptase FFFE. FFFE.

€ 208 Shacon Labs
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Likewise, you can select an event in Network Analyzer and use the context menu to navigate back to Multi-Node Energy Profiler.

at Emengy Prafies - Bt CA\Lsery

e fdt Deagee Sewch fr

7 | Loumcher () Sempiety 0% A Unergy Protier .1, Metwerkt Snahyzes

WK MWKD. PR ML I8 st
cFe CFDE 6

CFDd e &

cfos s b

e ol summmary Bescen

Shcw ooly source CFO8
Show by it nener
S ey typas Pachnt

Hide type Packet

Extract o

|0

548 zaro-bime wachos be Shis mvant

Sra i nergy Prosie

41 Fackst  Asscation Reipense FFFE. FFFE.

£ Net Logged In 2008 Slicon Labs

10.1 Use Cases for Multi-Node Energy Profiler and Network Analyzer

Depending upon your goals for an analysis session, there will be times when you will primarily use Network Analyzer, times when you
will primarily use Multi-Node Energy Profiler, and times when you will find it advantageous to use them together.

When you are interested in energy consumption of a single or multiple devices, Multi-Node Energy Profiler is where you will focus your
time. From a network communication perspective, it provides only the start time of a TX or RX packet, and does not provide any decod-
ing of the packets themselves. Sitill, this information can be revealing in your application’s consumption of power relative to network
activity. For example, by using the search tool, you can set search criteria that identify all points in the data where a packet was trans-
mitted and the power exceeded a given value. If you have an expected power performance based upon your design, you can quickly
identify when your system is operating outside its specification.

If you are interested in packet contents, node activity, and network interaction in a wireless network, Network Analyzer is where you will
focus your time. Network Analyzer's multiple editor panes provide tiered displays of network activity, letting you drill down from a high-
level map of node interactions to the details of each packet. Customizable filters enable you to specify exactly which network activities
to display, allowing you to sift out information unrelated to a given task. These features allow you to determine when your network is
behaving as expected, but are not available in Multi-Node Energy Profiler.

You will find yourself benefitting from the integration of these applications where these two information spaces intersect. For example,
the Multi-Node Energy Profiler use case mentioned above ended at finding a transmit packet that exceeded expected power consump-
tion. To investigate further, you could select “Show in Network Analyzer” to investigate that specific node’s network activity and packet
contents, in hopes of determining why the power was higher for that particular network transaction. In contrast, you may suspect that
packets with specific content are the root cause of high power consumption. In Network Analyzer you could search for that data, and
use “Show in Energy Profiler” to determine if indeed those packet contents are the root cause of high power consumption.
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10.2 Post Analysis Using an ISD File

Both Network Analyzer and Multi-Node Energy Profiler capture data in the same format, which are saved in the ISD file format. Both
applications can open an ISD file that has been save by either application. For example, if you have completed a Multi-Node Energy
Profiler session and saved the ISD file, only to realize later that you are interested in the packet trace information, you would open that
file from Network Analyzer to further investigate it. It is important to note, however, that captures started in Multi-Node Energy Profiler
include packet trace data by default, but captures started in Network Analyzer only contain energy data if the preference to include it
has been selected, as shown in the following figure.
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Disclaimer

Silicon Labs intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software imple-
menters using or intending to use the Silicon Labs products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each
specific device, and “Typical” parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon
Labs reserves the right to make changes without further notice to the product information, specifications, and descriptions herein, and does not give warranties as to the
accuracy or completeness of the included information. Without prior notification, Silicon Labs may update product firmware during the manufacturing process for security or
reliability reasons. Such changes will not alter the specifications or the performance of the product. Silicon Labs shall have no liability for the consequences of use of the infor-
mation supplied in this document. This document does notimply or expressly grant any license to design or fabricate any integrated circuits. The products are not designed or
authorized to be used within any FDA Class Il devices, applications for which FDA premarket approval is required or Life Support Systems without the specific written consent
of Silicon Labs. A “Life Support System” is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected to result in
significant personalinjury or death. Silicon Labs products are not designed or authorized for military applications. Silicon Labs products shall under no circumstances be used
in weapons of mass destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons. Silicon Labs disclaims
all express and implied warranties and shall not be responsible or liable for any injuries or damages related to use of a Silicon Labs product in such unauthorized applications.
Note: This content may contain offensive terminology that is now obsolete. Silicon Labs is replacing these terms with inclusive language wherever possible. For more
information, visit www.silabs.com/about-us/inclusive-lexicon-project
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Silicon Laboratories Inc.®, Silicon Laboratories®, Silicon Labs®, SiLabs® and the Silicon Labs logo®, Bluegiga®, Bluegiga Logo®, Clockbuilder®, CMEMS®, DSPLL®, EFM®, EFM32°,
EFR, Ember®, Energy Micro, Energy Micro logo and combinations thereof, “the world’s most energy friendly microcontrollers”, Ember®, EZLink®, EZRadio®, EZRadioPRO®, Gecko®,
Gecko OS, Gecko OS Studio, ISOmodem®, Precision32®, ProSLIC®, Simplicity Studio®, SiPHY®, Telegesis, the Telegesis Logo®, USBXpress®, Zentri, the Zentrilogo and Zentri DMS,
Z-Wave®, and others are trademarks or registered trademarks of Silicon Labs. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of ARM Hold-
ings. Keil is a registered trademark of ARM Limited. Wi-Fi is a registered trademark of the Wi-Fi Alliance. All other products or brand names mentioned herein are trademarks
of their respective holders.
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