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Vsebina vaj

2 tematska sklopa :

Primeri in osnove tudi v
jeziku C (neobvezno)

1. Programiranje v zbirnem jeziku ARM
* Ponovitev RA, razsiritev, nadgradnja:
* Delo z biti, sklad, podprogrami

2. Sistemske naprave v zbirniku (STM32H750B-DK Discovery,
STM32F4 Discovery, FRI-SMS)
* Paralelni vhod/izhod: (G)PIO
« Casovniki: TIM, TC
» Serijske povezave: U(S)ART, USB VCOM port, DBGU
* Prekinitve, prekinitveni krmilnik (AIC) *

* 2 obvezniin 2 neobvezni domaci nalogi
1. MiMo, osnovna (obv.), MiMo dodatno delo (neobv.)

2. ARM,STM32 - aplikacija (obv.), ARM,STM-Dodatna (razsiritve, aplikacija,
senzorji) (neobv.)

* Vsako dodatno delo steje !!!
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Ocenjevanje*

* Vaje prispevajo 50% h koncni oceni in morajo
biti opravljene:
« Pozitivnhe domace naloge (obvezni del),

« Dodatne domace naloge (neobvezni del — viSja ocena).
« Se priSteje obveznemu delu

« 2022: Vzporedno uvajanje STM32F4, STM32H7 Discovery
« 2023: Vzporedno: STM32H7, STM32F4, FRI-SMS

* Zaradi Covid situacije se lahko Se prilagodi
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Spletni simulator cpulator — 1.sklop

 https://cpulator.01xz.net/?sys=arm
* zacetni projekt OR:
e https://cpulator.01xz.net/?sys=arm&loadasm=share/sN7suQe.s

Reload

Continue Restart

Step Into

Step Over

I Flev  Help~

F2 Ctrl-F2 Shift-F2 F3 Ctrl-R Ctrl-Shift-L
<[> Disassembly (Ctri-D) Q Memory (Ctrl-M)
. Refresh “ll Goto address, label, or register: |0EEEEO24 - Refres| Go to address, label, or register:
STEV1 wor Ox10 8 &
. ro | 0PEEEE58 ® Address Opcode Disassembl Address Memory contents and ASCII
STEV2: .wor 0x40 P Y ry
r1 00060016 . ~
REZ: .word 0 r2 | eeeonede -start: _ 1o
3 | aee0eese 00000020 | e59fA018 1dr re, [pc, #24] ; 0x40
r4 | PPPPEOOO 00000024 | e5901000 dr ri, [r@] 00000020 e59f0r18 e5901000 e59f0014 e5902000
00000030 eB813002 e59f000c e5803000 eafffffe
ext r5| 00600000
-text 6 000028 | e59fED14 dr re, [pc, #20] ; Ox44 40 50 54 58
.0rg r7 00002c | e5902000 1dr r2, [ro] 50 10 40 50
.L - ra 20 | e0813002 add r3, ri, r2 0OOOBE60 aaaazaaa aaaaaaaa a3laaaaaa aaaaaaaa
.ali gn r9 [oJololclelclolo] POEEBOTE aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
ro 34 | e59f000C 1dr re, [pc, #12] ; Ox48 00000080 aaaaaaaa adaaaadaaa aaaaaaaa aaaaaaaa
ri1 0OOA38 | e5803000 str r3, [ro] 00000090 aaaaaaaa aaaaaaaa aalaaaaa aaaaaaaa
N g-l.O bal _start r12 | 00000000 0000A0aD  aaaaaaaa aaaaaaaa aaaaaaaa  aaaaaaaa
start: Sp | 00EOOOOO end: 000EEEhO aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
- * Ir ggggggg@ 0000003C |eafffffe b ox3c  (0x3c: end) 000000cH aaaaaaaa adaaaadaaa aaaaaaaa aaaaaaaa
BE ¢ 000000d0 daaaaaaa aaaaaaaa  aadaaaaa  aaaaaaaa
1d cpsr 1d3 40 50 andeq ro, ro, ro, ASR ro 0000000 aaaaaaaa aaaaaaaa aadaaaaa  aaaaaaaa
r — Spsr | 00000000 PEEEEETO aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
1dr rl s [r'@] 0| 00000000 00000044 | 00008054 andeq r@, r@, r4, ASR r0 00080100 aaaaaaaa aaaaaaaa aaaaaaaa Aaaaaaaaa
1 00000000 00000110 aaaaaaaa adaaaadaaa aaaaaaaa aaaaaaaa
s2 48 58 andeq r0, r@, r8, ASR ro 00000120 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
]_dr ( s3 00004c | 0O0EOEO ande Q. ro, re OOROA130 AA333333 33333333 a3333aaa  aaaaaaaa
oy - al q 5 5
ca |l empannne STEV1: 00000140 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
ldr 2 N [r‘EJ] { CEE 000050 | 60000010 andeq @, ro, ro, LSL r@ 0P000A150 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
P el ¥ Call stack STEV2: o7 gggggi?g aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
< - - 00000054 | 000006040 ande r@. re. re. ASR #32 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
add 3 s 1 s 2 i‘iTrace‘-](—Breakpomts REZ: q ’ ’ ’ POOEA180  aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
Watchpoints :
"f p — 00BO0O58 | 0050 andeq r0, re, ro, ASR ro 00000190 aaaaaaaa adaaaadaaa aaaaaaaa aaaaaaaa
iiSymbo!s ¥ Counters 0OREEE5C | 0OOEEEEO andeq 0. re. ro POEEE1a aa@aaaaa aaaaaaaa aaaaaaaa  aaaaaaaa
1dr re, end: o 000001b®  aaaaaaaa aaa2aaaa aaaaaaaa aaaaaaaa
- ettings - :
str 3 [ r_@] 8 000AEOEN | aaaaaaaa bge Oxfeaaabl® 000001cO aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
3 Number Display OptiorA 00000064 | aaaaaaaa bge Oxfeaaabld 000EE1de aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
. 0OPAEO68 | aaaaaaaa bge Oxfeaaabls 000001e0 aaaaaaaa adaaaadaaa aaaaaaaa aaaaaaaa
Size: 0000006C | aaaaaaaa bge oxfeaaablc ggggg;;g 33323332  Aaaaaaaa  aadaaaaa  adaaaaaa
§ - . 00000ATE | aaaaaaaa bee Oxfeaaab2® aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
end . b end Format: | Hexadedimal 00000074 | aaaaaaaa bge Oxfeaaab24 00000210 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
. Memory words per row: | 4 -
ry P E 00000078 | anaaaaaa bge oxfeaaab28 00000220 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaza
) . - 0ORAEOTC | 233233333 hoe oxfeaaablc v 00000230 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
Editor Options - - 00000240  aazaaaaa aaaaaaaa aaaaaaaa  aaaaaaaa
{ CEEE—D » IZEdltor(Ctrl-E) ‘I’Dlsassembly(Ctrl'D) AOAAA2 56 AAAAAAAA _AAARARAAAA__AARAAAAA__AAAAAAAA

E4 Messages

Link: arm-altera-eabi-1ld --script build_arm.ld -e _start -u _start -o work/asmETdoWw.s.elf work/asmETdoWw.s.0
Compile succeeded.

Compiling...

Code and data loaded from ELF executable into memory. Total size is 96 bytes.

Assemble: arm-altera-eabi-as -mfloat-abi=soft -march=armv7-a -mcpu=cortex-a9 -mfpu=neon-fpl6 --gdwarf2 -o work/asmreEAFP.s.o work/asmreEAFP.s

Link: arm-altera-eabi-1ld --script build_arm.ld -e _start -u _start -o work/asmreEAFP.s.elf work/asmreEAFP.s.0
Compile succeeded.
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Centralha
procesna enata

Glavni pomnilnik

LIV 4 A4 L] Kontralna
L enota
RA - Prakticno delo: vsota dveh stevil
Aritmeti¢no— !
logidna enota REZ
https://cpulator.01xz.net/?sys=arm&loadasm=share/s8zU3xx.s — e
// Registri Idr ri,[ro]
adr r0, stevl RO € nasl. stevl 0xE24F0014
Idr 1, [r0] R1 € M[RO] 0xE5901000 RA - Ponovite
adr 10, stev2 RO € nasl. stev2 0xE24F0018 Vhodno—izhgldni
1dr £2, [0] R2 € MRO] 0xE5902000 sstem
addr3, 12, 11 R3 € R1+R2 0xE0823001
adr r0, rez RO € nasl. rez 0xE24F0020 ‘ ‘ / ‘ Vil dne—idiesine
strr3, [10] M[RO] € R3 0xE5803000 l_J \_’ nappeve
opped Step Into Step Over Step Out Continu Stop Restart Reload
F2 Ctrl-F2 shift-F2 F, F4 Ctrl-R Ctrl-shift-L
J% Registers b h b Q Memc
Refresh “1&0 to address\label, or register: |OOOOOOOO Go to address, label, or register: [ / l
r0 | 0OEEEEEE ® Address Opcode ‘ Disassembly Address Memory contents ang ASCII
| 90000060 STEV1: 00000000  HOAOAEOO 0EAEEEHE 0AOEEOEO 0O§OAOEE
g gggggggg 0OOOEO20 | HEEEEELO andeq @, ro, re, 00000010 MPAPEOAOO 00000FE0 0OOOOAO @@# 00000
2| 00000000 STEV2: 00000020 0OEEAALO 00000040 00000000 e224fE014
5| 90000000 00006024 | andeq  r0, r@, r0, |}0pEEEO30 e5901000 240018 5902000 e0813002
6 | 90000000 REZ: 00000040 240020 e5803000 eafffffe ©OO0COEO
r7 | eeeee0Ee 00000028 | 0OOOEYOO andeq  r@, ro, ro 000PEO50 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
r8 [oJololololololo] OEEEEO60 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
r9 00000000 OEEEEATO 3daaaaaaa aaaaazaa 3aaaalaa aaaaaaaa
r10 00000000 PEEEEERO 3daaaaaaa aaaaazaa 3aaaalaa aaaaaaaa
ri1 ofefofelofeloNe] oJofoolcloleTa) aaaaaaaa aaaaaaaa aaaaaaaa  aaaaaaaa
ri2 | 00000000 _start: Olo oI ETe) aaaaaaaa aaa2azaa aaaaaaaa aaaaaaaa
sp | 00000000 0000002¢ E%4f9@1f adr r0, 0x20 (¢ |l ppeOeAbO  aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
Ir | 00000000 00000030 | 5901000 ldr rl, [r0] 00POAACA  aaaaaaaa aaazaaaa  aaaaaaaa  aaaaaaaa
BE 00OboO2C (ofolololofolulo} 22333aaaa 222333233 3a2a23aa  aaaaaaaa
cpsr | 000001d3 I svC 00000034 |e24f0018 adr ro, 0x24 (6 ||pPOOE0e® aaaaaaaa aaaaazaa aaaaaaaa  2a3aaaaaa
spsr | 00008008 ? 00000038 |e5902000 ldr r2, [ro] 0000EOTO  aaaaaaaa aaasaaaa aaaaaaaa 2aaaaaaa
<0 | 00000008 0000003c |e0813002 add 3, rl, r2 000PO100 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
s1 00000000 PEEEE11O aaaaaaaa 2a3aaaazaa aaaalaaaa  aaaaaaaa
< | 00000000 00000040 |e24f0020 adr r0, 0x28 ([ @PEOE120 aaaaaaaa a3323333  A333333a 2333a3aa
3 | 00000000 00000044 : str r3, [roe] P0EEE130 aaaaaaaa aaaaa2aa aaaaaaaa aaaaaaaa
s4 | poeEERER 0EEEO140 adaaaaaa aodaldazaa  aaaaaaaa 2aaaaaaala
s5 | 00000000 end: 0OOEE150 aaaaaaaa aaaaaaaa aadaaaaaa aaaaaaaa
<6 | nAneRAAR N 00000048 |eafffffe b 0x48 (0x48: enc | 0OOOA1G0 aaaaaaaa aaaaaaaa aaaaaaaa aaaaaaaa
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Razvojno okolja 2. sklop: CubelDE

Delo s plos¢ami: STM32H7, STM32F4

‘template.s - STM32CubelDE
avigate Search Project Run Window Help

IS GG RO R HE T IHH D D
7 & = 0 [§ templates 52

R N N N b b i ]

oo

// Enable GPIOD Peripheral Clock (bit 3 in AHBLENR register)

ldr r&, = RCC_AHBLENR Load peripheral clock reg address to ré
8 ldr r5, [r6&] Read its content to rS

9 orr r5, #@x68888883 ‘ Set bit 3 to enable GPIOD clock

@ str r5, [r6] Store result in peripheral cleck register

// Make GPIOD Pinl2 as cutput pin (bits 25:24 in MODER register)

ldr r&, = GPIOD_MODER // Load GPIOD MODER register address to ré
ldr r5, [r6&] Read its content to rS

5 bic r5, #@x3e00000 Clear bits 24, 25 for P12

orr r3, #Exeleee8s88 irite @1 to bits 24, 25 for P12

str r5, [r6] Store result in GPIOD MODER register

woR

f Set GPIOD Pinl2 to 1 (bit 12 in ODR register)

@ ldr r6&, = GPIOD_ODR // Load GPIOD output data register

ldr r5, [r6&] Read its content to rS

2 orr r5, #Axlees write 1 to pin 12

3 str r5, [r6] Store result in GPIOD cutput data register

5 // Set GPIOD Pinl2 to @ (bit 12 in QDR register)

ldr r&, = GPIOD_ODR Load GPIOD output data register

ldr r5, [r&] Read its content to rS

bic r5, #@xlees write @ to pin 12

str r5, [rg] Store result in GPIOD cutput data register

[=0-")

oe

21 loop:

g2 nep ' Mo operation. Do nothing.
83 b loop Jump to loop

84

FFil OR - Organizacija racunalnikov 6


http://www.fri.uni-lj.si/si

Razvojno okolja 2. sklop: VSCode

Delo s plos¢ami: STM32H7, STM32F4
(ni uradno podprt)

nake-template - Studio Code

File Edit Selection View Go Run Terminal Help

D Debug simulator
VARIABLES
nulator
Local
Global
Static

Registers

PIOD

BREAKPOINTS
@ main.s

CORTEX PERIPHERALS
CORTEX REGISTERS

e master O ®O0AS & Debug simulator (8by8snake-template) —NORMAL— Ln515,Col1 Spaces:2 UTF8 LF ARM & (2
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Razvojno okolja 2. sklop: WInIDEA
. FRI-SMS ysr

NTZgdsnac® | IEEEQREEH 2= s B oo |36 @ B m b BS=E(E=]0 @
Project Worksp... » @ # B X TG crt0.s | samplelcf | 4 b v x |Watch vm e OX
= [ Files [Sample - Debug . —
=[5 Linker Files .text af = = ‘ = = |'H w
=] samplelcf Name  Value Type Add.. Error
=l source ) . . . . . . )
2 users NIZ1l: .asciz "Timi Zajec je svetovni prvak v smucarskih skokih!"
=l Startup files
A crids
+[1 Dependencies NIZ2: . Space 20
5 al:l.g'n L5 76090104 ‘oooosu

NASLOVI R: .space 40 - G\\m»

JRLEELN i 4 G < L L0 Bl
— =
.align 1
STEVILO R: .space 2 y
B Symbols ¥ Project| | ¢ 5 &d Watchl | &d Watch?  &d RtWatchi
Disassembly B $0OX
d| 2|« T [t
Address Data Disassembly Registers
___start @ RO 00000000 2
adr r0, NIZ1l R1 00000000
=y00007C0041sub r0,pc,#7C R2 00000000
adr r5, NIZ2 R3 00000000
00004F504]=ub r5,pc, #4F R4 00000000
adr r6, NASLOVI_R R5 00000000
00003C6041=sub r6,pc,#3C R6 00000000
adr r7, STEVILO R R7 00000000
0000187041=ub r7,pc,#18 . L (R
Output > m e 0 X Memory (0000000
Compiling ... Arear | Wirtual ~ Addless: Symbal  ~
er.a 00000000 | 23 00 00 00 00  #..
e 00000008 00 00 00 00
;s:n:;;i:.t:.;.f éD;Z;EL\,ZjEE:dEﬂ\DElU\RA*Sim\DEbug\]” ... was successfully generateg 00000010 00 00 00 00
00000018 00 00 00 00
L >/l 00000020
Build Find In Files | Tools Script | 00000028 .
Ready A: 00000200
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V 2. sklopu — delo s sistemi
STM32H7, STM32F4 | FRI SMS
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Fri

STM32H750: GPIO, TIMer, USART

o
dckan [T
[

TEST T
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TRACECK
TRACEL{I

LCDL RT3 LCD. G

Terphann
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R AL

WIS S0 50, WS s AF

1 g chan (T 7_GHINML
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e

Eooegl chon TS _CHI1 AT
2 char. [TH_CHI1Z] B .

woe wad, GO WS an AF

AL WD, K MEE |

SO0, 500, CX, W, WCK. a8 AF

e T e, OTE TS s AR
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e

g
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STM32F40/VG: GPIO, TIMer, USART

A i K = Estemal memony oL HE @O, N7
WITAST ST N conimler (FEMC)
TTCTACAK JTAG & mey | ‘M SRAM. PERAM, MR Flash,

[ — = o e
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_— =
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Wk ]
FRU — ;
— il =
4]
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e H VML WD
) ] . II =y
- -] use P H _
PO, [T (82 STF: 487 H omees o 1 A ERAMIGKE ]
0. WS SOF 3
.
[ | o
o |
viE ENE N - \
Pty aropoaTs o
Ll GPIG PORT B I
rana @RI FORT © i
Pa GRID FORT D 1
Peie GPIC PORT E I
I GFI0 PORT F I
e GAI0 FOAT G I
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T, MESIVES
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----------------------------------------~

'FRISMS PIO, Casovnik, DBGU UART'

e e
%
TR
MAS TER, s— | AVE - mﬁ‘- gy
Sossd & o 5 "1%“@ £L9EF FF &
SagFrd® ¢ & EE oeepg TF F¥
m == it R o I i 3
& TET—» Systam N [ JTAG Sakction and Boundary Scan l/ /
Contmliar ‘ Tharec. | Afansc.
! ~ \ (mxried — = = =& ey YT THH 4
FIC e —t AN In-Caul Emulator
| iraciRce <> s \ 10100 Ethernet Image /
= | ARM926E.LS Processor 1 MAC Sensor | use
I omedd — \ I I Inte rfa oHEI
[ ICacha CCacha
FPokn-Pokt | L] l B Kbrlas Mmu anu;-
PMC | ErTT 1 Ohe, ) T
’F'LLFE-"L—"F'LUL | ) SJJ N — | R ¢
| é[F’LLB | L J Y Y Y ¥
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woT | e
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Organizacija raCunalnikov

ISCete dodatne izzive ?
LAPSy Embedded Academy

Dobrodosili:
* LEA- Lapsy Embedded Academy

» Projekt spletnega izobraZevalnega portala z vsebinami RA, OR in VIN (ter
ostalimi)

 Rok: 1.1.2024, vabljeni !

ty5qjm9

* LAPSy Embedded LAB

« Skupina navduSencev nad vgrajenimi sistemi in nizkonivojskim
programiranjem

Hardware FRI

LAPSy Embedded LAB

jxhtz;8
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