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Optimization if IT

= Recall IT topic from lecture:

IT handling for a peripheral

= Execution of IT, the proposed way:

[

o Rapid execution inside a function ]

o Larger tasks are handled outside the function

o When a peripheral is used more than only once in the program
mutual exclusion has to be assured (e.g. when part of our code
sends data using UART, and data is also sent in an IT routine,
then the two data can be messed up)

* Itis advised to use flags for such kind of tasks, and execute them in the main
program it they are not time-critical

o Tightly connected tasks for IT handling (take care of the order!):
* Peripheral handling (e.g. data of UART must be read or GPIO state must be read,
etc.),

* Clearing the corresponding IT flag (not needed when done automatically, but
better done twice than never),

* Enabling the IT (done automatically in most cases)
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Optimization if IT

= Recall IT topic from lecture:

IT handling example

volatile type is important: program calling of Button_IRQ function is
not seen by the compiler in the program, therefore unaware of it
that it may change in the background. Therefore it may happen that
when reading of button_IT flag comes, new data is not read. Every
variable that appears in an IT function MUST be volatile.

—bool button_IT flag = false;

int buttonpushed;

// somehow we define that this function will handle interrupt: see later...
void Button_IRQ(void){ // IT handling function h

button_IT_Flag = true; // rapid handling = a flag is set that an IT happened -
clear_button_IF(); // clear button IT flag IT function

! J

int main(void){

initButtons(); //1. init of buttons )
clear_button IF(); //2.IT flag clear

Button_IT_enable(); //3. IT enable for buttond Done at the beginning of the main program for initialization purposes
clear_global IF(); //4.1T flag clear

global _IT_enable(); //5. enable global IT )

while(1){
— if (button_IT_Flag ){

button_IT_Flag = false;

printLCD(”buttonpush: %d”, buttonpushed++); // putting on the screen is slow, done in the main program
/[ (not in the IT function otherwise uC may be blocked until
// writing on the display is not done)

Tanszek
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Optimization if IT

®* |n our IT function three functions are used:

uint8 t rx data; // a variable is defined for USERT Tx data

// (whose type is uintf t)

-void UARTO0 RX IRQHandler (veid){ // definition of IT function:
[ rx_datE:EEhRI_Rx(UERTU]: /] data :eﬁr

from URRTO and stored in rx data
s sent to UARTO
// IT flag is cleared

USART Tx (URRTO0, rx data); // rx data
USART IntClear (UART0, USART IFC MASK)

r

}

O An IT function has to be rapid not to block other ITs
and the running of the main program for a long time

O Those tasks that are not necessary in the IT routine
should be moved into the main program

O Time critical tasks can remain in the IT routine

0 What functions can be moved into the main program?
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Optimization if IT

®= |n our IT function three functions are used:

uint8 t rx data; // a variable is defined for USART TX data
// (whose type is uint8 t)
-wvoid UARTO RX IRQHandler (void){ // definition of IT function:
rx data=USART Rx (URRTO); /7 data read from URRTO and stored in rx data
USART Tx (URRT0, rx data); // rx data i sent to UARRTOD
- )// IT flag is cleared

}
0 What functions can be moved into the main program?

e USART IntClear() is obviously needed in the IT function

 USART_Rx() seems that can be moved into the main program
but cannot be moved since data can only be read in IT
routine otherwise data remains in RxData buffer that
generates a new IT immediately when IT routine is left
-> we stuck in the IT

e USART_Tx() really can be and advised to be moved into the
main program since it is a blocking function and in case of
large amount of data can block e.g. other interrupts
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Optimization if IT

= Previous solution for IT routine:

uint8 t rx data; // a variable is defined for USART Tx data
// (whose type is uints t)
-void UARTO0 RX IRQHandler(veid){ // definition of IT function:
rx data=USART_ Rx (UARTO); // data read from UARRTO and stored in rx data
USART Tx (URRT0, rx data); // rx data is sent to UARRTOD
USART IntClear (UARTO, USART IFC MASK); // IT flag is cleared
}

= Advanced solution for IT routine:

_Bool rx flag = false; //a flag is defined to indicate IT

uint8 t rx data; // a variable is defined for USART Tx data
// (whose type is uint8 t)

void UARTO RX IRQHandler (veid){ // definition of IT function:

rx flag = true; // IT occurred->flag becomes true
rx data = USART Rx (UARTO); // data read from URRTO and stored in rx data
//USBRT Tx(URRTO, rx data); // USRRT Tx is moved into main program
USERT IntClear (UARTO, USART IFC MASK): // IT flag is cleared
}
USART _Tx() is moved into the main program:
while (1) {
if(rx flag){ // IT occurs->flag becomes true in IT routine
rx flag = false; // clear flag
USART Tx (URRTO, rx data): // rx data 1s sent to URRTO
}
}
}
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Efficient code: optimization level

" To generate a more efficient (in terms of memory
usage, runtime, etc.) code optimization should be

1

applied:
(03)

Project Run Window Help

Convert

MNew

Import

Open Project

Close Project

Build Configurations
Build Project

Build Working Set
Clean...

C/C++ Index

Properties 2

«== Properties for UART_COM_Development O x
type filter text Settings = v w
Resource
Builders -
. C/C++ Build Configuration: | GNU ARM v7.2.1 - Debug [ Active ] ~ | | Manage Configurations...
Board / Part / SDK

Build Variables

® Tool Settings i
Environment ® gs . Build Steps

Logging %+ Debug Settings
4 Project Modules & Memory Layout
Settings ~ B GNU ARM C Compiler
C/C++ General # Dialect
Refactoring History & Preprocessor
Run/Debug Settings 2 Symbols
# Includes

5 | Optimization
2 Debugging
2 Warnings

# Miscellaneous

T2

Build Artifact Binary Parsers @ Error Parsers

Optimization Level None (-00) | 6

Mone (-00)
Optimize for debugging (-
[ ] Omit frame pointer (-f Optimize (-01)

Other optimization flags

[ ] Pack structures (-fpack{Optimize mare (-02)
[ ] Short enums (-fshart-e Optimize most (-03)

)

.. .|Optimize for size (-Os
Place each function intc R o : o ( a

Place each data item into its own section (-fdz
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Efficient code: optimization level
= After applying the ‘most optimized’ —03
optimization level the code will not work any
more

= Explanation:

O The optimizer replaces variables with constants whose

value does not change in the main program (according
to the compiler)

e Such variables are rx_flag and rx_data!

* The compiler optimizes the main program and does not
consider the IT function definition before the main program
(where rx_flag and rx_data change their values)

e To prevent the optimizer changing rx_flag and rx_data they
must be volatile

A, . ot - aré nika é .
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Efficient code: optimization level

= To prevent the optimizer changing rx_flag and
rx_data to constants they must be volatile

volatile Bool rx flag = false; //a flgg is defined to indicate IT

volatile uint8 t rx data; // a variablg is defined for USART TxX data
ey : ettt )
- void UARTO_RX IRQHandler{vo1d]{ ff definition of IT function:
rx flaq = true; // IT occurred->flag becomes true
rx data = USART Rx (UARTO); Iy aata read from UARRTO and stored in rx data
//U SERT Tx(URRTO, rx data); // USERT Tx 1s moved into main program

USART IntClear{UﬁRTD _USERT IFC MﬁSK] /) IT flag is cleared

= |n IT functions the variables used must be volatile

O This type indicate to the compiler that the value can
change and should not be optimized

= This kind of errors (if any) are difficult to discover
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Energy friendly operation

" |n many cases embedded systems are operated
without any maintenance therefore energy
friendly operation can be a real issue (battery life)

= Recall lecture: Energy friendly operation
* EFM32: Energy Friendly Microcontroller, 32 bit
O E M 1 energy = EMO: CPU and all peripherals are in operation =2 219 uA/MHz
1 1 = EM1: CPU in sleep mode and all peripherals are in operation =
friendly operation |[* ' c! ]

mOd e |S p rom |S| ng = EM2: only peripherals are in operation that run on low frequency

oscillator =2 approx. 1 uA

O PFOC |S |n |d|e State = EM3: low frequency oscillator is off. Only some kind of interrupt

can wake up the uC - approx. 0.8 uA

but an IT can wa ke = EMA4: Pins are in reset state. Only some kind of interrupt can wake
up the uC = approx. 20 nA

It u p = System level consideration: the appropriate EMx mode has to be
chosen during system design phase:
O Ca n We Save o What peripherals can be used in that EMx mode?
o How the uC be waken up from that Emx mode?
ene rgy? © BME-MIT 2020 |'|-|_|J- Informacies Rendszerek 21.slide
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Energy friendly operation

e Edit Source Refactor

= Energy consumption can be checked *

. . . . . . ‘ BSR4 =
using Energy Profiler in Simplicity St.5m=—""" "

= Current consumption without EM1 energy saving
mode: 4.37mA

t
Quick Access ~ [@ Single-Node ""{' Multi-Node ‘w cope View Running cording
i

Display Node ~, Sortby ~, Search Q
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Energy friendly operation

= EMU_EnterEM1() function shall be applied and
em_emu.c and h header file must be included into
the project and into the program, respectively

[ Project Explorer &2
=% STK3700_blink [GNU ARM v7.2.1 - De
=5 STK3700_button [GMU ARM v7.2.1 - [
=5 UART COM [GMNU ARM v7.2.1 - Debus

~ [ UART_COM_Development [GNU AR

# Binaries
k! Includes
= CMSIS
v = emlib
[£] em_cmu.c
[£ em_core.c
le/ em_gpio.c

em_system.c
[Fl e ot -

=% ¥ % O ||[& em_deviceh

[£] efm32gg990fi...

"em device.h"
"em chip.h"
"em cmu.h"
"em gpio.h"
"em usart.h"
"em o core bt
"em emu.h"

1 #include
2 #include
3 #include
4 #include
5 #include

I #include

l=// Bool rx flag = false

12 //uint8 t rx data; // a

14 wveolatile Bool rx flag -
15 wvolatile uintB t rx dat
15 {4 (whe

O The code should be modified as:

© BME-MIT 2020

(1) {

while

// EM1 energy

EMU EnterEMI1 () ;

occurs—->flg
i

if(rx flag){ // IT
rx flag = false; clear
USART Tx (URRTO, rx data);
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Energy friendly operation

= Current consumption with EM1 energy saving
mode: 1.96mA (consumption reduced by 55%!!!)
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Application of Stdio (UARTO)

= So far UARTO has been used directly via
USART_Rx() and USART_Tx() functions

= |/O of standard C can be rerouted and upper level
routines may have been already implemented to
use low level functions for character transmitting
and reception

" |f these functions are applied for UART peripheral
then actually a printf() function will send
characters to the serial port

- Méréstechnika és .
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Application of Stdio (UARTO)

= To achieve this high level functionality

O retargetio.c and retargetserial.c files have to be added
to the project (drag and drop)
O The files are found in:

e [installation folder]\Simplicity_studio\developer\sdks
\gecko sdk_suite\v2.6\hardware\kit\common\drivers\

O retargetserial.h and stdio.h must be included into the
program

O IT function and IT handling (enable, clear) should not
be active (comment them out) because the high level
print function will handle them

O Neither character sending in while is needed

éréstechnika és .
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Application of Stdio (UARTO)

[ Project Explorer &2 =& ¥ = O % em_deviceh l¢] efm32gg990f1... | ef
(= 1;/Simplicity_studio/developer/sdks/gecko_ ~ 1 f#include "em device.h"
(= 1:/Simplicity_studio/developer/sdks/gecko_ 2 #include "em chip.h"
= I/Simplicity_studio/developer/sdks/gecko_ 3 #include "em_cmu.h”

2
4 #include " io.h"
(= 1:/Simplicity_studio/developer/toolchains/g - :izzlid: ":ﬁ_?ﬁ;it p

@I:,fSimpIicity_studiofdeveloper/toolchainsfg & #include "em core.h"
(= 1/Simplicity_studio/developer/toolchains/g ; My R
= CMSIS 5 #include <stdio.h>
v = emlib % #include "retargetserial.h"
[E em_cmu.c =Y
[€] em_corec oo
14
@ em_em_u.c 13=2// Bool rx flag = false; //3
€] em_gpio.c 14 //uint8 t rx data; // a var}

[£] em_system.c o ) B J
fﬁm ;E_Tnjlatile EintB_t %}f_c?iiiqefT
" Preprocessor directives have to be defined for the

project:
O RETARGET_UARTO : we want to use UARTO

O RETARGET_VCOM : UARTO be connected to USB port
as virtual serial port via board controller

. Méréstechnika és .
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Application of Stdio (UARTO)

O RETARGET _UARTO : we want to use UARTO

O RETARGET _VCOM : UARTO be connected to USB port
as virtual serial port via board controller

e Both values are 1

e Set the in Project
->properties

Project Run Window Help

Convert >
MNew >
Import >

Open Project
Close Project

Build Configurations >
Build Project

Build Working Set >
Clean...

C/C++ Index »
Properties

« Properties for retarget_serial

type filter text

Resource
Builders
C/C++ Build 1.
Code Analysis
File Types
Formatter
Indexer 2.
Refactoring History
Run/Debug Settings

| & ]
Paths and Symbols X il
Configuration: LGNU ARM v4.9.3 - Debug _[_Adive'_l_ 'J I Manage Configurations...]
3.
(e lnclud:s" # Symbols -!fﬁ Libraries | P Library Paths | 2 Source Locatinnl ) References| 5.
Languages Symbol Value [ Add...
Assembly # DEBUG 1 e
Edit...
GNUC]) 4. # EFM32GG990F1024 1 u
# RETARGET_UARTO 1 Delete |
# RETARGET_VCOM 1 )
Expoﬂ
(@ "Preprocessor Include Paths, Macros etc.” property page may define additional entries
[¥] Show built-in values
[ &2 Import Settings... ] [ 5% Export Settings...
{Restare Qefaulis| ( Apply ]
[ ok [ cance |
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Application of Stdio (UARTO)

= Now everything is set in the project to be able to
use printf() to write to the UART

= \We have to work on the code to use it:

O Initialization:
e RETARGET_Seriallnit(); and
e RETARGET_SerialCrLf(true); function must be called

O Application of printf function:

° pﬁntﬂﬂvq**********I{e”O!***********\n”x

RETARGET_Seriallnit();
RETARGET_SerialCrLf(true);
printf("\n *¥*%% Hellol #*3%% \p~);

e Code to be applied:
/* Infinite loop */

— Note: new functions are while (1) {
before the while
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