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1. Introduction

The LPC54100 series of microcontrollers introduces a breakthrough in ultra-low power
performance for "always-on" sensor processing. In an “always on” application, the
LPC54100 is in a power down mode “listening” for sensor data. In this low power state,
the LPC54100 only draws 3 uA of current. Developers can optimize power efficiency and
throughput by choosing between a power-efficient 55 yA/MHz Cortex-MO+ core for
sensor data collection, aggregation, and external communications, and a Cortex-M4
processor at 100 yA/MHz to complete math-intensive algorithms, such as sensor fusion,
more quickly while saving power.

The LPC54100 was designed from the ground up for ultimate low power efficiency. The
low power flash is writable at 1.62V. Core and peripheral voltages are automatically
scaled for reduced power consumption at any frequency. An asynchronous peripheral
bus reduces peripheral clock speed without affecting CPU clock to minimize peripheral
power contribution. Low power serial interfaces can wake up the CPU from Power-Down
mode upon receiving data from synchronous serial interfaces or wakeup pins. The 12 bit,
12 channel ADC at 4.8Msps can operate at full spec including 1.62V and can perform
conversion while the CPU is asleep.

CoreMark is a simple, yet sophisticated benchmark that is designed specifically to test
the functionality of a processor core. Running CoreMark produces a single-number score
allowing users to make quick comparisons between processors.

ARM released “DAI 0350A CoreMark Benchmarking for ARM Cortex processors”
http://infocenter.arm.com/help/topic/com.arm.doc.dai0350a/DAI0350A coremark bench
marking.pdf. This is also a useful reference to review and get familiar with the
benchmark.

This application note shows the process of setting up the LPC5410x device and code
including memory partitioning, build options and compiler flags. It also shows how to
measure CoreMark scores with the Cortex-M4 and presents the Cortex-M4 yA/MHz
results that can be achieved. Separate CoreMark frameworks executing CoreMark code
from flash and SRAM is provided for Keil MDK, IAR EWARM, and LPCXpresso.

2. Downloading and integrating CoreMark to the framework

The zip files associated with this application note contains LPCOpen based project
frameworks that allows developers to drop in the CoreMark sources and quickly get up
and running with benchmarking the LPC5410x.

To get started first go to https://www.eembc.org/coremark/. Click the download link and
follow the instructions on that page as shown in Figure 1.

Fig1. EEMBC download link
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After reviewing the license terms, look through the readme and documentation file
downloads. The readme gives some step by step instructions on unpacking and building
the distribution. This will also help with getting familiar with the CoreMark terminology
used throughout the application note.

2.1 Porting CoreMark into the CoreMark framework

There are two variants of the CoreMark framework provided with this application note;
one for each of the three toolchains that NXP supports for a total of six CoreMark
frameworks. One variant executes the entire application out of the internal flash memory
while the other modifies the linker script in order to execute the CoreMark code out of
internal SRAM. For clarity, the absolute path for each of the six projects are given below.

The flash-based CoreMark framework on Keil MDK is located here:

Ipc5410x_keil _iar_cm_flash\applications\Ipc5410x\keil\lpcxpresso_54102\coremark_fram
ework.uvmpw

The flash-based CoreMark framework on IAR EWARM is located here:

Ipc5410x_keil _iar_cm_flash\applications\Ipc5410x\iar\lpcxpresso_54102\coremark_frame
work.eww

The flash-based CoreMark framework on LPCXpresso is located inside this archive:
Ipc5410x_Ipcxpresso_cm_flash.zip
The SRAM-based CoreMark framework on Keil MDK is located here:

Ipc5410x_keil _iar_cm_sram\applications\lpc5410x\keil\lpcxpresso_54102\coremark_fram
ework.uvmpw

The SRAM-based CoreMark framework on IAR EWARM is located here:

Ipc5410x_keil_iar_cm_sram\applications\lpc5410x\iar\lpcxpresso_54102\coremark_fram
ework.eww

The SRAM-based CoreMark framework on LPCXpresso is located inside this archive:
Ipc5410x_Ipcxpresso_cm_sram.zip
Extract and open the project file from the IDE you wish to work with.

For Keil MDK, it is recommended to extract the archive contents as close to the
hard drive’s root folder, such as C:\nxp or a similar folder (long paths names can
otherwise be a problem for Keil MDK).

Depending on the toolchain chosen, the workspace should look like one of the following
three figures. The CoreMark framework requires the addition of the CoreMark files from
EEMBC. For Keil MDK and IAR EWARM, the coremark_m4 project must be set as active
before the CoreMark files can be added.
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=RE? Peripheral driver examples
@ 4% Project: lib_chip_5410x
#-4% Project: lib_beard_Ipoxpresso_54102
qu Project: coremark_md_framwork
Elﬁ scatterload_iram_nxp_lpcxpresso_lpc5d10X
=& example
sysinit.c
[ keil_startup_lpc5410x.s
coremark_md.c
0 lib
/-[d Architecture_Independent
- Architecture_Dependent

Set as Active Project

=151

Fig2. Keil MDK workspace

Workspaee .
|lib_chip_541 0x - chip_5410x_lib -
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B[O Untitled Warkspace

el | coremark_md_framwark .
& [ Architectura Depend Options...
—E [J Architecture_Indepen Make
[Jexample :
_E‘ curpemark_mdl.c Compile
fshiar_startup_lpchd] Rebuild All
F— Bl readme.td Clean
sysinit.c
ik C-5TAT Static Analysis 3
3 Output )
&) lib_board_Ipcepresso_5 saodes

(A lib_chip_5410x - chip Add
Remove
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Version Control System r

Open Containing Folder...
File Properties...
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Fig 3. IAR EWARM workspace
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[y Project Explorer &2 2, Peripherals+ [i}{ Registers . Symbaol Viewer

s Lir? coremark_m4_framework
. =% Ipc_board_|pcxpresso_54102
« =5 Ipc_chip_5410x

Fig4. LPCXpresso workspace

Copy the files as shown in Figure 5 from the coremark.zip download.

Fig5. CoreMark files to copy

Place the files in the following project directory for Keil MDK and IAR EWARM:
\applications\Ipc5410x\examples\coremark

For LPCXpresso:
\coremark_m4_framework\example\Architecture _Independent

The file ee_printf.c in the \barebones directory of the EEMBC archive also needs to be
copied to the same folder for Keil and IAR. For LPCXpresso, it should be copied to the
following directory:

\coremark_m4_framework\example\Architecture_Dependent
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Add these files into the project. In Keil MDK, double click on Architecture Independent
folder and browse to directory of the CoreMark files:

Fig 6. Adding files in Keil MDK
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For IAR, right click the Architecture Independent folder and select Add and then “Add
Files...”:

lib_chip_5410x - chip_5410x_lik -
Files Inom
= @Untitled Wiorkspace

—E () coremark_md_frarmwark - iram_nxp_lpoxgp.. v
3 Architecture_Dependent

L £ [Jex Options
= Make
|- fsi
= Compile

Rebuild All
—& [(lib Clean

[0

& lib_b C-STAT Static Analysis Pl

(Flib_c W
Stop Build
Add 3 Add Files...
Remove Add Group...
Rename...
Yersion Centrel Systern J

Open Containing Folder...
File Properties...

Set as Active

Fig7. Adding files in IAR EWARM
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For LPCXpresso, right click inside the “Project Explorer” tab and select Refresh.
LPCXpresso should detect the newly added files and add them to the Project Explorer
automatically:

[ Project Explorer &% 2, Peripherals+ (ili Registers .1 Symbol Viewer

3 5;5 coremark_md_framework
- I8 Ipc_board_lpcxpresso_54102
. 5 lpc_chip_5410x

Mew 3

Go Into

Open in New Window

[ Copy Ctrl+C
Paste Ctrl+V
K Delete Delete
Source r
Move...
Rename... F2
=g Import.
By Export..

Build Project
Clean Project
Refresh F5

ﬁs}

Close Project

Fig 8. Refreshing LPCXpresso workspace

Add the file eeprinf.c into the ‘Architecture Dependent’ folder. Architecture dependent
files are shown below. The cvt.c file requires no change. Use the core_portme.c file
supplied in the project not the one from the coremark.zip. For convenience this file has
the required porting changes ready for use.

LPC5410x CoreMark Cortex-M4 Porting Guide All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. All rights reserved.

Application note Rev. 2.0 — 14 July 2015 9 of 30




NXP Semiconductors AN1 1 607

LPC5410x CoreMark Cortex-M4 Porting Guide

The workspace should look like the following in all three IDEs:
Project a
=2 Peripheral driver examples
“Z Project: lib_chip_5410x
b4 Project: lib_board_|pcxpresso_54102
O Pojetcommakmt Sk
(=] scatterload_iram_nxp_lpcxpresso_|pc5410X
=T example
ij sysinit.c
] keil_startup_lpc5410x.s
ij coremark_md.c
3 lib
-5 Architecture_Dependent
L] evte
| ee_printf.c
ij core_portme.c

ij core_portmeh
=15 Architecture_Independent
ij core_list_join.c
ij core_main.c
ij core_matrix.c
ij core_state.c
ij core_util.c

Fig 9. Keil MDK workspace after adding CoreMark files

Waorkspace x
l coremark_md_frarmwaork - irarm_nxp_lpexpresso_54000 v]
Files b i

B Bl Untitled Workspace

mefi | coremark_m4d_framwork - iram_nxp...
= [ Architecture_Dependent
core_portme.c

— [ core_paortme h

ovto

ee_printf.c

3 [ Architecture_Independent
care_list_join.c

core_main.c

core_rnatix.c

core_state.c

core_util.c

HH [(Jexarnple

coremark_md.c
fsmiar_startup_lpchd10xs

— Bl readme .t

sysinitec

[alib

[ Output

& lib_board_lpcxpresso_F4102 - [poxpresso.. v
(5 lib_chip_5410x - chip_5410x_lik v

v

Fig 10. IAR EWARM workspace after adding CoreMark files
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[7 Project Explorer 53 ?ﬁ Peripherals+ 11} Registers &) Symbol Viewer
a Lir? coremark_md_framework
s fgb Binaries
> [njt Includes
4 2 eample
4 [= Architecture_Dependent
> | core_portme.c
: [n| core_portmeh
: [n] coremark.h
> €] ee_printf.c
4 (= Architecture_Independent
- [€] core_list_join.c
> | core_main.c
> | core_matrix.c
> | core_state.c
> | core_util.c
g ovte
> [ SrC
readme.bt
> (= Debug
> (= Release
> (= linkscripts
=| coremark_méd_framework Debug.launch
=| coremark_mé_framewerk Releaselaunch
> 5 Ipc_board_lpcxpresso_54102
» 25 lpec_chip_5410x

Fig 11. LPCXpresso workspace after adding CoreMark files

A few edits will need to be made to integrate the CoreMark files into the framework. In
the file ‘core_main.c’ make the following modifications:

Replace:

#if MAIN_HAS_NOARGC
MAIN_RETURN_TYPE main(void) {
int argc=0;
char *argv[1];
#else

Fig 12. core_main.c before edits

With:

#if MAIN_HAS_NOARGC
#if defined RENAME_MAIN
MAIN_RETURN_TYPE core_main(void) {
#else
MAIN_RETURN_TYPE main(void) {
#endif
int argc=0;
char *argv[1];
#else

Fig 13. core_main.c after edits
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The file ‘eeprinf.c’ needs the LPCOpen UART call to be added to support ‘printf’ to the
terminal. To do this, add the following line of code in uart_send_char(char c), see Figure
14.

void uart_send_char(char c) {
Board_UARTPutChar(c);

¥
Fig 14. Adding printf support to CoreMark

Also, in eeprintf(), add an #if defined(COREMARK_SCORE_TEST). See Figure 15.

int ee_printf(const char *fmt, ...)
{
char buf[256], *p;
va_list args;
int n=0;
#if defined (COREMARK_SCORE_TEST)
va_start(args, fmt);
ee_vsprintf(buf, fmt, args);
va_end(args);
p=buf;
while (*p) {
uart_send_char(*p);
n++;
p++;
¥
#endif
return n;

}
Fig 15. Disabling printf support when executing pA/MHz test

This is added so that printf code will be optimized out when running the pA/MHz test. In
core_portme.h there is a #define COREMARK_SCORE_TEST that dictates whether or
not the application is executing the CoreMark score test. Commenting out this #define to
run pA/MHz test will also optimize out these unnecessary print statements.
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Double check that the include path is correct for the CoreMark files.

Fig 16. Keil MDK compiler include paths

Fig 17. IAR EWARM compiler include paths
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Fig 18. LPCXpresso compiler include paths

The CoreMark files have now been successfully ported into the CoreMark framework
project.

If the IDE chosen is IAR EWARM and your goal is to store the CoreMark code in SRAM
for faster execution, a line of code will need to be added to some CoreMark files. In any
other scenario, this line of code is not needed. The files that need to be modified are:

core_main.c, core_util.c, core_state.c, core_matrix.c and core_list_join.c

To execute CoreMark from SRAM with IAR EWARM, these CoreMark files will need to
be labeled as their own IAR EWARM linker “section”. The provided .icf linker file will then
place this section, which is called “critical_text”, into SRAM. To do this, add the following
line of code shown in Figure 19 above includes in all five of the files.

/* CoreMark source files should contain this #pragma command to be put into SRAM */
#pragma default_function_attributes = @ "critical_text"

Fig 19. IAR EWARM #pragma command
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2.2 Optimizing the CoreMark framework

There are many factors that affect the CoreMark and yA/MHz score that can be
optimized. Some of these factors are IDE dependent optimizations while others leverage
the MCU architecture for better performance. The goal is to be able to produce the best
scores from all three IDEs. It is important to understand that these IDEs are constantly
changing and a different version of a given IDE may add or remove features that may
make these optimizations obsolete or ineffective. The following are the IDE versions that
are applicable to this application note:

Keil MDK 5.13.0.0
IAR EWARM 7.40.1.8472
LPCXpresso 7.6.2

2.2.1 Memory considerations

Due to the inherent architecture of SRAM and flash, CoreMark will execute faster when
running out of SRAM. As shown in Figure 20, the LPC5410x internal memory uses a
multilayer AHB matrix system that provides a separate instruction and data bus for the
Cortex-M4 as well as individual buses for each of the three SRAM banks. Placing the
CoreMark code and data sections into different SRAM banks minimizes bus contention
and improves instruction and data parallelism.

It is important to minimize the flash wait states according to the MCUs frequency to
optimize the CoreMark score. In contrast, when performing the yA/MHz test, it is possible
to save power by disabling the flash’s prefetch ability. For more information on correctly
configuring the flash memory, such as the minimum amount of wait states allowed at a
given core frequency, read the LPC5410x user manual:

http://www.nxp.com/documents/user _manual/UM10850.pdf

The provided CoreMark framework projects include separate SRAM and flash based
projects that implement the various memory optimizations.
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Fig 20. LPC5410x AHB matrix

In both the SRAM and flash projects, there is a COREMARK_SCORE_TEST macro
defined in core_portme.h that indicates whether the project is configured to execute the
CoreMark benchmark or the pJA/MHz test. If this macro is defined, the CoreMark score
test will run. If this macro is commented out, the yA/MHz test will run. Use this macro to
switch between the two benchmarks.

2.2.2 IDE Optimizations

The following optimizations are compiler based and therefore, IDE dependent. These
optimizations apply to both the SRAM and flash based projects.
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2.2.21 Keil MDK Optimizations

There are two compiler optimizations that can be done to improve the CoreMark score.
As shown in Figure 21, in the project options and under the C/C++ tab, the optimization
level needs to be set to Level 3 (-O3) and “Optimize for Time” should be ticked.

Fig 21. Keil MDK CoreMark score optimizations

When benchmarking the power consumption of the MCU, the optimization level should
be set to Level 0 (-O0) and “Optimized for Time” should be unchecked. See Figure 22.

Fig 22. Keil MDK pA/MHz optimizations
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IAR EWARM Optimizations

There are two compiler optimizations that can be done to improve CoreMark score. Set
the optimization level to “High” and select “Speed” from the drop down menu. See Figure
23.

=

Options for node "coremark_md_framwork”

Category: [ Factory Settings ]
kulti-file Compilation
General Options O H
Static Analysis Discard Unused Puklics
Runtime Checking m—
Language 1] Language 2| Cose | Optmizaions O [ st [ 141"
Assembler -
Output Converter Ifmrel Enabled transformations:
Custom Build () None [#] Common subexpression elimination
Build Actions ) Low Loop unrolling
Linker ) Medium Function inlining
Debugger G ich [#]Code motion
Simulator =g [¥] Type-baszed alias analysis
Angel Speed - [¥] Static clustering
CMSIS DAP [ No size constraints Instruction scheduling
GDE Server [] Vectorization

Fig 23. IAR EWARM CoreMark score optimizations

When benchmarking the power consumption of the MCU, the optimization level should
be set to “None”. See Figure 24.

Fig 24. IAR EWARM pA/MHz optimizations
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2.2.2.3 LPCXpresso Optimizations

There are two compiler optimizations that can be done to improve CoreMark score. Set
the optimization level to “Optimize most (-O3)” with the optimization flag “-ftree-switch-
shortcut”. See Fig 25

Fig 25. LPCXpresso CoreMark score optimizations

When benchmarking the power consumption of the MCU, set the optimization level to
“None (-00)". The optimization flag does not have a meaningful effect on the power
consumption and can be left unchanged. See Figure 26.

Fig 26. LPCXpresso pA/MHz optimizations
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3. LPCXpresso LPC54102 board setup and macro defines

The LPC54102 LPCXpresso board supports a VCOM serial port connection via J6. To
observe debug messages from the board set the terminal program to the appropriate
COM port and use the setting ‘115200-8-N-1-none’. To make the debug messages
easier to read, the new line receive setting should be set to auto.

3.1.1 Board setup
The LPCXpresso LPC54102 development board is used for the benchmarking.

Fig 27. LPC54102 LPCXpresso development board

The board ships with CMSIS-DAP preprogrammed. For debugging and terminal debug
messages, connect a USB cable to J6. Board schematics are available on
LPCWare.com.

To benchmark any of the SRAM projects, be sure to follow Section 2.2.2 to pick the
correct linker script and produce the best score.

3.2 pA/MHz Measurement setup

To measure the LPC54102 power consumption, remove JS6, install connector at JP4
and insert ammeter at JP4 as shown in Figure 28.

When performing the yA/MHz benchmark from the SRAM projects, NXP recommends
using the J4 USB connector to only provide power to the necessary components on the
LPC54102 board. Additionally, after the yA/MHz benchmark has been downloaded,
power cycling the board by removing the USB cable and reinserting it is recommended to
make sure the debug block is not left on by the debugger. When trying to flash a new
program to the LPC54102, put the MCU into ISP mode. This may be necessary because
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the flash is turned off by the yA/MHz benchmark, which may be problematic the next time
the IDE tries to program the flash memory.

Fig 28. Current Meter Hookup

3.2.1 SRAM Linker Script Usage

For the SRAM projects, follow the instructions in this section to correctly configure the
provided linker script and achieve the best uA/MHz score. For flash projects, this section
can be skipped. The SRAM projects utilize the IDE’s linker in two ways to optimize the
CoreMark score benchmark and pA/MHz test. For this reason, there is an extra step that
needs to be taken when switching between these two benchmarks.

The SRAM projects are configured to copy the relevant CoreMark code and data into
separate SRAM banks. In Keil MDK, this done in by a scatterload file, located here:

\applications\lpc5410x\examples\coremark_m4\ coremark_m4.sct
In IAR EWARM, it is done in an .icf file, located here:

\applications\lpc5410x\iar\lpcxpresso_54102\multicore\coremark_m4\
coremark_m4.icf

In LPCXpresso, it is done by linker scripts in a folder located here:
\coremark_m4_framework\linkscripts\

The pA/MHz test is optimized by saving as much power as possible. In this case, turn off
as many things possible, including the second SRAM bank that is utilized in the
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CoreMark score benchmark. For Keil MDK, change the scatterload file to the one located
here:

\applications\lpc5410x\examples\coremark_m4\ coremark_m4_power.sct

Fig 29. Changing the scatterload file in Keil MDK

In IAR EWARM, change the .icf file to the one located here:

\applications\lpc5410x\iar\lpcxpresso_54102\multicore\coremark_m4\
coremark_m4_power.icf

Options for node "coremark_md_framwork”

Category: [ Factory Settings l

General Options

Static Analysis

Runtime Chedking -
C/C++ Compiler Corfig ||.iblﬁr:|’| Input |Optirnizations I Advanced I Cutput I List I o 12
Assembler
Output Converter Linker configuration file

Custom Build .
| Ovenide default
Build Actions vemas fetay

SPROJ_DIRS \coremark_m4 icf E]
Debugger

Simulator Edit...

Fig 30. Changing the .icf file in IAR EWARM

In LPCXpresso, change the linker script folder path to the one located here:
\coremark_m4_framework\linkscripts_power\
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Fig 31. Changing linker script directory in LPCXpresso

It is important to have the appropriate scatterload file, .icf file, or linker script selected
depending on the benchmark being executed. Failure to do so will either produce an
un-optimized score or the inability to run the benchmark due to different amounts of
SRAM used in the two benchmarks.

3.3 LPCOpen Board.h defines
The default baud rate setting for the debug messages is 115200. To change the baud
rate, browse to the board.h file and update the DEBUGBAUDRATE define. If this
#defines are changed then the board, chip, and project will need to be recompiled.

Changing the core clock frequency can also be implemented by setting this #define
BOARD_MAINCLOCKRATE in board.h. If this #define is changed then the board, chip,
and project will need to be recompiled.

LPC5410x CoreMark Cortex-M4 Porting Guide All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. All rights reserved.

Application note Rev. 2.0 — 14 July 2015 23 of 30




AN11607

LPC5410x CoreMark Cortex-M4 Porting Guide

NXP Semiconductors

Fig 32. Board.h settings

4. Results

Figure 33 shows the result when running LPC5410x at 100MHz core clock from Keil
MDK. The CoreMark benchmark score is the number of iterations per second. The
CoreMark/MHz score for this run is 262.24/100MHz = 2.62 CoreMark/MHz.

Fig 33. CoreMark result from RAM @100MHz

Table 1 shows typical CoreMark score when benchmarked on Keil MDK, IAR EWARM,
and LPCXpresso when running from SRAM and flash at 100 MHz.

Table 1. LPC54102 LPCXpresso board CoreMark/MHz score

IDE CoreMark/MHz Score (SRAM) CoreMark/MHz Score (flash)
Keil MDK 2.62 2.21
IAR EWARM |3.33 2.69
LPCXpresso 2.45 2.10

For yA/MHz, the following tables show typical results that can be expected when running
on the LPC5410x LPCXpresso board. A graph is also presented, comparing the three
IDEs in terms of power consumption.
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Table 2.  Keil MDK pA/MHz score
Frequency |Average Power MA/MHz Score Average Power MA/MHz Score
Consumption (SRAM) |(SRAM) Consumption (flash) |(flash)
12 MHz 1.51 mA 125.67 yA/IMHz 1.97 mA| 164.17 yA/MHz
84 MHz 7.87 mA 93.73 yA/MHz 8.80 mA | 104.76 pA/MHz
96 MHz 9.20 mA 95.85 yA/MHz 10.20 mA | 106.25 pA/MHz
100 MHz 98.61 mA 98.61 yA/MHz 10.71 mA 107.1 yA/MHz
Table 3. IAR EWARM pA/MHz score
Frequency |Average Power MA/MHz Score |Average Power MA/MHz Score
Consumption (SRAM) |(SRAM) Consumption (flash) |(flash)
12 MHz 1.542 mA | 128.5 yA/MHz 2.16 mA 180 yA/MHz
84 MHz 8.18 mA | 97.32 yA/MHz 9.2mA| 108.52 pA/MHz
96 MHz 9.57 mA | 99.64 yA/MHz 10.56 mA 110 pA/MHz
100 MHz 10.25mA | 102.5 yA/MHz 11.22 mA 112.2 yA/MHz
Table 4. LPCXpresso yA/MHz score
Frequency |Average Power MA/MHz Score |Average Power MA/MHz Score
Consumption (SRAM) |(SRAM) Consumption (flash) |(flash)
12 MHz 1.47 mA | 122.67 pA/MHz 209mA | 17417 yA/MHz
84 MHz 75 mA | 89.29 yA/MHz 104 mA | 123.81 yA/MHz
96 MHz 8.76 mA | 91.26 yA/MHz 11.99 mA 124.9 yA/MHz
100 MHz 9.38 mA | 93.83 yA/MHz 12.71 mA 127.1 yA/MHz
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Fig 34. pA/MHz IDE Comparison

5. Conclusion

In this application note, the two types of benchmarks that can be done on the LPC5410x
are presented: the CoreMark score benchmark and the yA/MHz benchmark. Details on
how to optimize these benchmarks on the LPC5410x when running the benchmark out of
SRAM and flash are discussed. These optimizations show how to achieve up to a
competitive 3.3 CoreMark/MHz score and a best in class 100 yA/MHz for this device
using the Cortex-M4 core.
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