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Embedded Software Development
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Software Development with MSP432 (ES-Lab)
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Software Development (ES-Lab)

Software development is nowadays usually done with the support of an IDE
(Integrated Debugger and Editor / Integrated Development Environment)

= edit and build the code
= debug and validate

Standard
Runtime
Libraries

RTOS
Libraries
.asm .obj
Link
linker -map
commands




Software Development (ES-Lab)

assembly
code

source code o

target configuration file

file in C

relocatable _—""

object libraries object libraries that e th o to th
that are referenced  contain the operating :peutn(es Eg;?nez L(;]n to etd ,
in the code system (if any) arget (e.g. and the target device
/ — the executable output file
. Slanaard RTOS | Target | hat is loaded into flash
Colpln : ﬁgntir_ne Libraries ICfg?:ileI that Is loaded into flas
kil L memory on the processor
5 .LcCXm
Edit |- Asm B |ink B= Debug

linker

object file commands
/
Linker command file that tells the linker report created by the linker describing
how to allocate memory and to stitch where the program and data sections
the object files and libraries together. are located in memory.



Software Development (ES-Lab)

object librarie

assembl %
o y that are referq’, . . . ’E[O thetd _
in the code */ drget aevice
int main(void)
1
/* Halting WDT and disabling master interrupts */ output file
MAP_WDT_A holdTimer(); ! flash
Compiler MAP Interrupt disableMaster(); Into tlas
source code € processor
. —_— /* Seed the pseudo random num generator */
file in C srand(TLV- >RANDOM_NUM_1);
Edit /* Set the core voltage level to VCORE1l */
I MAP PCM_ setCoreVoltagelevel (PCM _VCORE1);
/* Set 2 flash wait states for Flash bank & and 1%/
MAP FlashCtl setWaitState(FLASH BANK®, 2);
relocatable / MAP FlashCtl setWaitState(FLASH BANK1, 2);
object file _ _
/¥ Default SysTick period for all 4 color states = 8.5s5 %/
/ periods[@] = 1500088;
) . periods[1] = 15680080;
Linker command file tha periods[2] = 1500000; g
periods[3] = 1580080;

how to allocate memor
the object files and libra] .. .



Software Development

;***x*******#**********x*x******************x*****H:************x**************

;¥ FUNCTION MAME: SysTick Handler

- ¥
2

object libraries ;

]

that are referenced ;

Regs Modified : A1,A2,A3,A4,V9,SP,LR,SR,D8,D0_hi,D1,D1_hi,D2,D2_hi,
D3,D3_hi,D4,D4_hi,D5,D5_hi,D6,D6_hi,D7,D7_hi,
FPEXC,FPSCR

*

assembly x

d k3
code in the code ;¥  Regs Used : A1,A2,A3,A4,V9,SP,LR,SR,D8,08 hi,D1,D1 _hi,D2,D2_hi,

*

*

*

ice

D3,D3_hi,D4,D4_hi,D5,D5_hi,D6,D6_hi,D7,D7_hi,

¥
; FPEXC, FPSCR
3 Local Frame Size : @ Args + 8 Auto + 4 Save = 4 byte

;x:1:xxxxxxxxxx:xxxx:kxxx:1:xxxxxxxxxx:xxxx:kxx:H:x:1:xxxxxxxx:xxxxxx:xxxx:txxxxxxxxxxxxxxxx e

S#5ysTick Handler:

Compiler e *

¥ dwcfi
source code e et @

f||e in C .dwc’F.} cta _offset, B8
.dwcfi save reg to mem, 14, -4
.dwcfi save reg to mem, 3, -8

*OH K OH K K K O K

; [DPU_3 _PIPE]

Edit : Asm .dwpsn file "../main.c",line 374,column 5,is stmt,isa 1
LDR Al, $C$CONGA ; [DPU_3 PIPE] |374|
LDR Al, [Al, #8] ; [DPU_3 PIPE] |374|
CcMP Al, #1 ; [DPU_3 PIPE] |374]|
BNE | [$c$L20] | ; [DPU_3_PIPE] |374]

relocatable _—" |, o el e .

ObJeCt f||e co .dwpsn  file "../main.c",line 375,column 9,is stmt,isa 1
LDR A2, $CHCONGS ; [DPU_3 PIPE] |375]|
/// LDR Al, [A2, #08] ; [DPU_3 PIPE] |375]|
ADDS Al, Al, #1 ; [DPU_3 PIPE] |375]|
Linker command file that tells] , STR AL, [A2, #0] ; [DPU_3_PIPE] |375] .

how to allocate memory and {
the object files and libraries t



MEMORY
1

MAIN (RX) : origin = OxP0000088, length = OxPPP410008
INFO (RX) : origin = Ox006200000, length = Bx00864000

#ifdef _ TI COMPILER VERSION_ ; ; :

#it _ T1I COMPILER_WVERSION_ __ >= 15889208 target Conflguratlon flle
?LIﬂS specifies the connection to the
SRAM_CODE (RWX): origin = 0x01000000 target (e.g. USB) and the target device
SRAM_DATA (RW) : origin = ©x20000000
} length = @x0e816886

#else
/# Hint: If the user wants to use ram functions, please observe that SRAM CODE ®f the executable Output f||e
/* and SRAM_DATA memory areas are overlapping. You need to take measures to separate *f

that is loaded into flash
memory on the processor

/* data from code in RAM. This is only valid for Compiler version earlier than 15.89.08.5T5.%/
SRAM_CODE (RWX): origin = ©xP1088808, length = Bx00010000
SRAM_DATA (RW) : origin = ©x20000000, length = B8xP0010000

#endif

#endif

¥

Launch
Pad

relocatable _—"" frizer

object file commands
Linker command file that tells the linker report created by the linker describing
how to allocate memory and to stitch where the program and data sections
the object files and libraries together. are located in memory.



MEMORY CONFIGURATION

SEGMENT ALLOCATION MAP

load origin

run origin

origin

slelalelelelo )

Lab)

ct libraries that

attr

60040000

oooeofoa

oee3fefe

target configuration file

R X

INFO 00200000 0ODBA00D0 0ODOOEO0 00PRAGEE R X ifi h . h
SRAM_CODE 01P00PP0 00010000 ©OOED268 0BBBTd98 RW X in th ti Specirties the connection to the
SRAM_DATA 20000000 00010000 00PEB268 00EOFd9S RW aln the operating

. (if any) target (e.g. USB) and the target device

init length attrs members

the executable output file

______________________________________________________ > |

00000800 00008800 00POT10  0POBBT10 r-x RTOS | ; ;
00000008  00BOBB00 aeaeegezt eaaeagea r-- .intvecs /that is loaded into flash
000OOBed  00POBBed  POOBOdSa  POOROdSa r-x .text
0000070 0000070 00PEEBSc  PPPRBBSC r-- .const X7 memory on the processor
00000edB 00008ed0 000EEB40  PRRBBAD r-- .cinit b)

20000000 20000000 00POORES  POPPR. P J Launch
20000000 20000000 000EEB50  PPERBBEY rw- .data Pad
20000058 200000850 00PEEB1S  ©PPRBBEo rw- .bss

2000100 2000200 00000200  ©OOBBBEY - :

2800f=00 2080feb

relocatable
object file

2880200

20080800 .stack

linker
commands

/

Linker command file that tells the linker
how to allocate memory and to stitch
the object files and libraries together.

report created by the linker describing
where the program and data sections
are located in memory.
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target configuration file

Sssembl object libraries object libraries that o th o
code y that are referenced  contain the operating :peutl((es Egg?ne; Lan to et devi
in the code system (if any) arget (e.g. and the target device

\ / the executable output file

. e en e bt  iach

Compiler : Runtime : PPaey , CfggF”e | /t at is loaded into flas
source code Lo L memory on the processor
file in C — . oD launch |

<?xml wversion="1.8" encoding="UTF-8" standalone="no"?>
<configurations XML version="1.2" id="configurations 8">

<configuration XML_version="1.2" id="configuration_@">
<instance XML version="1.2" desc="Texas Instruments XD5118 USE Debug Probe" href="connections/ ...

<connection XML version="1.2" id="Texas Instruments XDS118 USB Debug Probe":
<instance XML_version="1.2" href="drivers/tixds518cs_dap.xml" id="drivers" xml= ...
{instance XML version="1.2" href="drivers/tixds5l@cortexM.xml" id="drivers" xml= ...
<property Type="choicelist" Value="2" id="SWD Mode Settings"»
<choice Name="SWD Mode - Aux COM port is target TDO pin" walue="nothing"/>
</property>
<platform XML _version="1.2" id="platform_8">

<instance XML version="1.2" desc="MSP432P4081R" href="devices/mspd32pd8lr.xml" .
</platform> describing

</connection> a sections

</configuration>
</configurations>
2-12




Much more in the ES-PrelLab ...

* The Pre-lab is intended for students with missing background in software
development in C and working with an integrated development environment.

Timetable
Date Lecture Exercice Lab
27.09.2021 1. Introduction
2. Software Development
29.09./01.10.2021 0. Prelab [MM]
04.10.2021 3. Hardware-Software In-
terface




Much more in the ES-PrelLab ...

» The Pre-lab is intended for students with missing background in software
development in C and working with an integrated development environment.

Embedded Systems 1.0.1 — Filling the gaps

Goals of this Lab

The goal of this lab session is to give a quick crash-course on all necessary background for the following
labs. You are expected to have some basic knowledge about programming, but programming an embedded
systems is slightly different than Python, Java, or Matlab.

Here are the main topics the pre-lab covers:

e Definitions and keywords — Know what you are talk about
e C programming — Review of the fundamentals
e Embedded systems programming — Specific types and basic operations

e Schematics — Find your way around a processor schematics

e Demo application — If you can make it, you're good to go!
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