Procesory Cortex-M jsou vybaveny debug a trasovacim systémem, ktery
umoznuje sledovat stav proménnych a udalosti, ke kterym v bézicim
programu doslo.

JITAG i SWD l SWV TPIU
X '=:::!.-:__ = = 1 :
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 Embedded Trace Macrocell (ETM) - je nejvykonnéjsim stupnem, ktery
umoznuje prenést data z programu do jednotky TPIU. Po naformatovani je
umozneén jejich prenos mimo ¢ip. Mnozstvi trasovacich dat je omezeno
velikosti vyrovnavaci pameéti v externim komunikacnim pripravku.

¥ Instrumentation Trace Macrocell (ITM) - Jednotka poskytuje tr1 hlavni
funkce: trasovani pomoci softwarovych nastrojii; integrace trasovacich

pakett z DWT do trasovaciho streamu; generace ¢asovych znacek pro
trasovaci pakety ITM a DWT.

* Data Watchpoint and Trace (DWT) - Tato volitelna soucast poskytuje
radu funkeci podobnych trasovani: Preruseni trasovani; Trasovani dat;

Spouste¢ ETM; PC Sampler a Trigger. The vystup z DWT se privadi do ITM
pro formatovani a ulozeni do trasovaciho streamu.

s Micro Trace Buffer (MTB) - Umoznuje ukladat data z programu do
interni SRAM. Data lze ¢ist pomoci JTAG nebo sériového rozhrani SWD
(Serial Wire Debug). Velikost SRAM a umisténi vyrovnavaci pameéti jsou
programove konfigurovatelné. Velikost vyrovnavaci pameéti SRAM omezuje
mnozstvi trasovacich dat, které lze zachytit. Zapisy do SRAM maji prednost
pred systémovymi zapisy do rozhrani AHB-Lite s jednim nebo vice stavy
cekani. To muize ovlivnit dobu béhu programu ve sledované aplikaci.



TRACE32 - VYVOJOVE MOZNOSTI CORTEX-M

% Trace Port Interface Unit (TPIU) — Jednotka zajistujici prenos dat ke
konecnému cili tj. mimo ¢ip. TPIU mulize agregovat trasovaci data z vice
zdroji do jednoho streamu, coz umoznuje sledovani procesu ve vicejadro-
vych navrzich. Jednotka podporuje dva rezimy: Serial Wire Viewer (SWV)
nebo Serial Wire Output (SWO) a paralelni trasovani. SWV nebo SWO je
jednobitovy trasovaci port urceny pro trasovani s nizkou rychlosti - obvykle
z ITM / DWT. Je-li vybrana tato moznost TPIU ,zahodi“ pakety ETM a
nebude je prenaset. Pr1 paralelnim spojenim s podporujici jednotkou
(ULINKpro) jsou vsechny vybrané pakety ze vsech zdroju preneseny.
Paralelni port miize mit sirku 1 az 4 bity a muze byt taktovano nezavisle na

CPU.

Cortex-MO, M1 - Bez moznosti trasovani.

Cortex-MO+ - disponuje MTB

Cortex-M23 - disponuje DWT, pripadne ETM or MTB.
Cortex-M33 - disponuje ITM, DWT, ETM, MTB.
Cortex-M3 - disponuje ITM, DWT, ETM.

Cortex-M4 - disponuje ITM, DWT, ETM.

Cortex-M7 - disponuje ITM, DWT, ETM.
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ITM - INSTRUMENTATION TRACE MACROCELL

PORT ITM 0 - je k dispozici pro funkci printf, ktera vyzaduje minimalni
uzivatelsky kod. Po zapisu do portu ITM nejsou potreba zadné strojové cykly
CPU, aby se data dostala z procesoru do zobrazeni v okne Debug printf Viewer
prostredi pVision. Tato data je mozné odeslat z ITM do souboru.

NASTAVENI: Software Component Sel, WYariant

1. Otevreme okno Manage Run-Time g oo Suppor ZFAGIDISCqy
Environment (MRTE). [€ & CMSIS Driver

2. Rozklikneme polozku Compiler a potom I/O | |=# TFES::; conter I ’S‘i’;" Compiler

3. Vybereme STDOUT a ITM. Tim je do = ¢ [CH
projektu pridan soubor retarget_io.c. v File [ FileSystem

4. Zkontrolujeme, zda jsou vSechny bloky b JE E:Zisz::: =
zelené. C@ stoouT v M > v

5. Otevireme okno Option for Target — Debug — . N | |Breakpoint |
Settings — Trace |

6. Nastavime spravny hodinovy kmitocet T -
procesoru, Trace Enable a ITM Stimulus oo < 1 :
Ports podle nasledujiciho obrazku (staci jen e
ITMO). St

7. Pridame do naseho programu napriklad [pounter = 6 v

printf("counter = %d\n", counter); —
FEL CVUT Petr Skalicky, katedra radioelektroniky 4



| ITM - INSTRUMENTATION TRACE MACROCELL I

Debug Trace | Flash Download | Pack |

Core []::d{:l 48.000000 MHz ¥ Trace Enable

Trace Clock: I 43 000000 MHz ¥ Use Core Clock

— Trace Port — Timestamps — Trace Events
ISeriaI Wire Output - UART/NRZ ;I ¥ Enable Prescaler: I‘I vl [T CPI: Cycles per Instruction

EXC: i verhead
SWO Clock Prescaler: | 4 _PC Sampling r Exception overhea

[~ SLEEP: Sleep Cycles
¥ Corfigure target [V Set max : 16
T Pmlﬂf-|1ﬂ24 16 v [~ LSU: Load Store Unit Cycles

SWO Clock: [ 12000000 MHz | | [~ pagog Period: [ <Disabled> | | [~ FOLD: Folded Instructions
[~ on Data R/W Sample [T EXCTRC: Bxception Tracing

—ITM Stimulus Ports

Port 24 23 Port 16 15 Port g 7 Port 0
Enable: IﬂIFFFFFFFF Iﬂlwlvlwlvlvlvlv WVIvIvIVIVIVIV WV IVIvIvv VIV v v e v

Privilege: |u:mumuu3 Port 31.24 |v Pot 23.16 [ Pot 15.8 [ Pot 7.0 [

— Advanced settings
™ Ignore packets with no SYNC
I~ Qverwrite CYCCNT

8. Prelozime projekt, otevieme okno Debug printf Viewer ( View — Serial
Window - Debug printf Viewer ) a spustime program.

FEL CVUT Petr Skalicky, katedra radioelektroniky 5



GRAFICKE ZOBRAZENi PROMENNYCH V LOGICKEM ANALYZATORU

Grafické zobrazeni globalnich proménnych nepridava do programu zadny
kéd ani nezpomaluje provadeny program. Logicky analyzator pouziva Serial
Wire Viewer a proto musi byt okno Trace nakonfigurovano podle
predchazejiciho obrazku. V analyzatoru muzeme zobrazit az 4 proménné.

Tyto proménné musi byt globalni, statické nebo raw adresy, napriklad *
((unsigned®) 0x20000000).

NASTAVENT:

1. V okné Debug — Settings vybereme polozku SW, ktera je nezbytna pro
rezim SWYV.

2. V okné Trace nastavime Trace Enable, nezvolime Periodic a EXCTRC.

3. Spustime testovany program a otevieme si okno Logic Analyzer (),
v kterém zaskrtneme polozku Timestamps Enable.

4. Zapiseme zobrazovanou promeénnou, urcime jeji typ, zobrazovany rozsah
a pripadné maskovani nékterych bitu.
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GRAFICKE ZOBRAZENIi PROMENNYCH V LOGICKEM ANALYZATORU

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NMEH@ 4 B9 0|0 E R R E=E ME | & | & |
B e > [HE=E
Reaisters. 2 Bl Logic Analyzer - o E

d | Zoom
Save Os  [1084077s [ 02s |[In [Out[[Al ] [Atto] [Undo]

‘SGUD- load..| MinTme  MaxTime G | Min/iax |Update Screen

Transition ‘ dumpto [~ Signallnfo [ Amplitudé W Timestamps Enable
[Frev[Next] | [Code |[Tracs] | I~ Show Cycles ™ Curser

|[5top [[Clear
1 ] | | : ! : ! ; : :
output ] | | ' ! : | ; : :
0 | : ; ] : | 3 i : :
7 I 1 : :
counter ! : 3
0 : i : ! : !
o 47738 79771735 ) 1177178
R11 L I X

R12 B\ oisassemby | B Logic Analyzer

R13(SF} = =
L] Biinkye* | |3 startup stm32id0txes | T " v x
=3 RCC->CFGR &= ~RCC_CFGR_SW: // Select PLL as system clock source -
54 RCC->CFGR |= RCC_CFGR_S5SW_PLL;
& =5 while ((RCC->CEGR & RCC CFGR SWS) != RCC_CFGR_SWS_PLL):; // Wait till PLL is system clock src
- 56 |}
E 57
58 unsigned int output, counter;
58 [/
60 T MAIN function
61 */
62 int main (void)
B €3 ] 1 int32 t num = 5
&4 int32_t btns = 0;
a5 counter=0;
(13
a7 SyatemCoreClockSetHSI():
&8 SystemCoreClockUpdate() ! // Get Core Clock Freguency
&9
70 LED Initialize():
71 Buttons_Initialize();
T2
73 while (1) // Wekonecna smyvcka
74 5 { btns = Buttons GetState(); // Cteni tlacitka
75 LED On (num):
76 output=1;
77 if (btns==1) Delay(20); else Delay(5); // Zpozdeni
78 | | LED Off (num);
79 output=0; counter++; counter=counterilx7;
80 Delay (10); // Delay 1s
81 ¥
82 -
83 |}
- g

A1
[E] Project | = Registers <

1 @) Rozpoznino nové zafizeni 3

‘Command o Ed Call Stack = Locals
Running with Code Size Limit: 321_( ] MName Location/Value Type I
t;aﬁiu:;g;‘\létlsers\\GG\\DEsk\:Dp\\Bllnkle\\Flash\\Bllnky.axf" 5% Delay Cx0B000286 void funsigned int) USB Storage (NODE_F401RE (1) H
I& S CONTET ¥ pocet_ms 0x00000005 param - unsigned int
# pocet 0x0002D863 auto - unsigned int 0Tiprs 1 = Kontrolovat nyni Il
@i Bx00000003 auto - unsigned int 20— 4 3 Kontrolovat pozdéji E
29 main | £x00000000 intf) 1044 j | % Nastaveni.. L
> L @ rum autn - int 0 o i
ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE COVIOFILE DEFINE DIR Display Enter | Call Stack = Locals |.Memaq 1 01:39:00 01:32:00 [ Vidy pousit zvolenou volbu
ST-Link Debugger 1:11,17038402 sec_—rLimCE AP NUM SEREOVRTRIW
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NAHRAVANI UDALOSTI - EVENT RECORDER

Event Recorder je dalsi funkei, ktera muze byt pridana do zdrojového kodu,
pro sledovani udalosti v bézicim programu. Keil RTX5 a Keil Middleware jsou
jiz vybaveny zaznamnikem udalosti. Jedna se o steyjnou technologii DAP, ktera
se pouziva v oknech Watch, Memory a Peripheral. Muzete doplnovat Vase
zdroje o zobrazeni udalosti a realizovat funkci printf bez pouziti SWV.

NASTAVENI: W Mariage Rur-Time Environment
1. Otevireme okno Manage Run-Time Environment || sotwerecomponent  sel  verient
i € Board Support STM32F4-Dig | J
(MRTE) ‘ i@ CMSIS
2. Rozklikneme polozku Compiler a potom 1/0 a ': CMSIS Driver
v ] Compiler ARM Compiler
zaskrtneme EventRecorder a v STDOUT a EVR. || ctoimee 7 or—
Tim budou do projektu do skupiny Compiler £ g —
v e , . ne e JysLEmM
pridany soubory retarget_io.c a EventRecorder.c ¢ STOERR [ |User B
, ve 12 v s ¢ STDIN [ | User ~
3. D(.) hlavniho programu pridame radky — oo Bl o
#include "stdio.h" a #include "EventRecorder.h". ¢ T [ [User v

4. Na zacatku programu main() vlozime radek
EventRecorderInitialize (EventRecordAll, 1);

5. Proménnou, kterou chceme sledovat, vyjadrime
pomoci funkce printf jako v popisu ITM.

6. Soubor ulozime a prelozime Rebuild the source
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NAHRAVANI UDALOSTI - EVENT RECORDER

7. Prejdeme do Debug médu, vybereme okno View/Serial Windows a
aktivujeme Debug (printf) Viewer.

© o

Otevreme okno View — Analysis windows - Event Recorder viz.obrazek.
Zapis realizovany funkci printf("cout=%d\n", counter); je potom v

obou oknech jednou v ASCII kédech a podruhé v textové podobé.

Event Recorder

| Enable Recorder: v | H | k" | Mark: w  All Operations ¥ | Stopped
Event Time (sec) Component  Event Property Value
0 EviCtrl EventRecorderlnitialize Restart Count =1
1 0.00064552 EvCtrl EventRecorderStart
2 014261004 STOIO stdout Onee3, OebF, One 3, D74, Oo3 0, a3, One0s, 0neD0
3 0.56824856 5TDIO stdout One3, e F Ohe 75, Do 74, One3 0, D32, DDA, e D0
4 0.99332692 STOIO stdout Cree3, TebF, Doe 73, Do 74, Du3 00, D33, Do, O DO
5 1.41952527 S5TDIO stdout Onee3, Oe P, Ohe 73, Do 74, One3 0, O34, DDA, 0000
¥ 1.84516363 STOIO stdout Onee3, OeF, One 73, D74, One3 0, D35, D0, 0neD0
i 227080193 5TDIO stdout One3, OeebF Db 75, Do 74, One3 0, D36, DDA, 000
g 2.69644033 STOIO stdout Crele3, TebF Ooe 75, D74, Dne3 00, Doe3 7, D08, O DO
9 3.12207369 S5TDIO stdout One3, Oe P, Ohe 73, Do 74, One3 00, a3, Ooe0A, 0000
Logic Analyzer
[Setup...|| Load... ||  Min Time Mz Time (Grid Zoom Min/Max  |Update Screen| Transition Jump to [ Siagr
Os 3121446 | 02s ([ In [[Out| AN ||[Auto | [Undo]|[ Stop |[Clear ||[Prev|[Net || [Code |[Trace| |~ She
ott ‘ i i i
o : : :
E s g | . L~
counter 7 ; :J I !
. 0.385246 = 1.789246 s
FEL CVUT Petr Skalicky, katedra radioelektroniky
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Logic Anzalyzer

Performance Analyzar

et 5
= |
H

Lode Loverage

System Analyzer

| Event Reco rdD

ULINEplus

[+ #¢

Debug (printf) Viewer

cout=1
cout=2
cout=3
cout=4
cout=5
cout=6
cout=7
cout=8




NAHRAVANI UDALOSTI - EVENT RECORDER

Event Recorder nam poskytuje casovou informaci od DWT, kdy k dané
udalosti dochazi. Protoze uvedeny zaznam neni zrovna pohodlny, ukazeme
dalsi moznosti mimo funkei printf. Pro Event Recorder vyuzivajici kanal
DWT je potreba rezervovat urcitou oblast SRAM, ktera neni inicializovana a
nevyuziva ji program 1 programovani Flash. Pro neprerusované ukladani by
mela byt SRAM pro Event Recorder umisténa v oblasti paméti, ktera neni
vymazana (inicializovana) resetem systému a ktera se lisi od oblasti
pouzivané pro programovani Flash. Velikost pameéti se vypocita podle vzorce:

164 + 16 x Number_of Records (defined by \c EVENT_RECORD_COUNT in EventRecorderConf.h)
V prikladu volime 0x800 (2kB), které bohate staci pro vice jak 64 zaznam1.

1. Nejprve zvolime velikost pameéti pro programovani. Otevieme okno
Options for Target — Debug — Settings — Flash Download a v polozce RAM
for Algorithm nastavime velikost RAM.

Download Function 1 RAM for Algonthm
Logp  EmseFulChip W Program
Fi * FErase Sectors W Verify Start: {(c2D00000D0 Size:]{.."d}[:'[‘rﬂl‘ll}[}'[."

(" Do not Erase [v Reset and Fun

2. Nasledné rozdélime pamét SRAM na dve c¢asti IRAM1 a IRAMZ2. Volime
okno Options for Target — Target, v kterém vytvorime oblast IRAM2 a
prislusne zmensime oblast IRAMI.
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NAHRAVANI UDALOSTI - EVENT RECORDER

Napriklad tak, jak je ukazano na obrazku.

Device larget |Dutput| IJstingI |ser I [L-"CHI Asm I Unkerl Debugl Util'rtiesl

STMicroelectronics STM32F401RETx ~Code Generation
ARM Compiler: ILlse default compiler version 5 LI

¥tal (MHz): (4810

Operating system: | None ;I [T Use Cross-Module Optimization
System Viewer File: ¥ Use MicroLIB [T BigEndian
ISTM32F4D11E.SV|:I J Foating Point Hardware: ISingIe Precision LI

[ Use Custom File

— Read/Only Memory Areas — Read/Wrte Memony Areas
default  off-chip Start Size Startup default  off-chip Start Size Mo lnit

™ RoMI: | | RAM1: | |
I~ Romz | | RAMZ: | |

I ROM3: | | RAM3: | |

an-chip on-chip
IROM1: |manmmu |m5mnu IRAMI- |m2muumu |m1?anu

IROM2: | | IRAMZ: |{br2Dﬂ1?EDD I{b:EDD

Defaults |

3. V okné Options for Component Class 'Compiler’, které otevreme pravym
tlacitkem na souboru EventRecorder.c v okné projektu, v polozce Memory
vybereme z nabidky velikost oblasti IRAM2 viz. obrazek.
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NAHRAVANI UDALOSTI - EVENT RECORDER

P LLLY PR e L S e

= ﬁ mpu_armyi.h

] stdinth r
S b ! Software Component Event Recording and Component Viewer via Debug Access Port (DAF)
= io.
®7 stm3za0Txeh = 4 Compiler Bundle: ARM Compiler Vendor: Kei
i W Event Recorder
g stm32fdoeh s 0 Vo Properties  Memory |::,=EH| Asm |
N ’ sg,rste.r'n_stmﬂfflx:(.h > — ~ Memory Assignment
= SDC::LEH’EBUDH Code / Conist: ifdefaurt‘,—
i stract.bet
g ‘Q CMSIS Zero Initialized Data: IIF{AMZ 2001 7300-c20071 7FFF]
=R 4 Compiler Other D
ata: *
@ EwventRecorder.c (Event Recarder) e i<de‘fauﬂ

@ T retarget_io.c (1/0:STDOUT)
u EventRecorderConf.h (Bvent Recarder)
[= % Device
: -_a startup_stm32f40xe.s (Startup)
-la system_stm32fdio.c (Startup)

4. Nakonec nastavime kmitocet hodinového signalu, abychom se vyhnuli
problémum v okné System Analyzer (View - Analysis Windows - System
Analyzer). Okno, v kterém realizujeme nastaveni, se otevre otevirenim
souboru EventRecorderConf.h a ve spodni listé klepneme na Configura-
tion Wizadr viz. obrazek na dalsi strance. V okné miizeme vyjma
hodinového kmitoctu nastavit pocet zaznamu a zdroj ¢asovych znacek.
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NAHRAVANI UDALOSTI - EVENT RECORDER

Project r H _] Blinky.c | & startup_stm32f401xes | EventRecorderConfh
“T stm32fdich -]
O <ystem_stm3Zfoch Bpand Al |  Colapse Al | Help [~ Show Grd
ELF Documentation Option Value
) Abstscton -
€ CMsis Number of Records 64
SR 4 Compiler Time Stamp Source DWT Cycle Counter
#] EventRecorder.c (Event Recorder) Time Stamp Clock Frequency [Hz] 43000000

*T retarget_io.c (I/0:STDOUT)
_1 EventRecorderConf.h (Event Recorder)
= ﬁ Device Event Recorder
_é startup_strn32f401xe.s (Startup)
_é systern_str32fdec (Startup)

A I 'E

ﬂ Project @E-::-::P: {} Functions []..,T-':lm:llate: Text Editor hcﬂnﬁguratMn Wizard .-"r

Casovaé EventRecorder je 32 bitovy a proto u nej dochazi v relativné kratké
dobé k preteceni. Proto je vhodné v rozsahu 32 bith realizovat znacku, ktera

Vv VvV /

usnadni 1dentifikaci ¢asu 1 skutecnost, ze aplikace stale bézi.

Na nasledujicim obrazku je zobrazen vysledek uvedeného nastaveni.
Uvedeny projekt je ulozen v direktorari Event_Print.
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NAHRAVANI UDALOSTI - EVENT RECORDER

C:\Users\GG\Desktop\Event_Printf\Eventuvprojx - uVision [Non-Commercial Use License] - a

File Edit View Project Flash Debug Peripherals Tools SVCS  Window  Help -
NE d ﬂ| 4 =3 LE| o | o= |t BRRR|EE/EKE D GPIOCNF MAE# Qe oo &- || B
wBe | wreu v | DRREGRE O-3-R-E- B R

System Analyzer n @
H& & & de |rlielieles | # ¢ 4| A W@
4DataWatch ¥ K B ) E
1
{output & Oel) 55

Giid: 15 Os s 7775 e
| | »[31
Registers o E3 Logic Analyzer L |
Fegister Value | Setup... |[ Load... a Min Time Max Time Gnid Zoom Min/Max |Update Screen| Transition Jump to [™ Signalinfo [ Ampltude W Timestamps Enable |
|E Core [Save. | |[ 0=  [7861582s [ 05s |[in [[Out][Al] [Adto][Undo]|[ Stop |[Clear | |[Prev|[Next] [Code | [Trace| ¥ Show Cycles ¥ Cursor
: o (T o 1 i 1§ = 1 (]
Dcaoonmes i ] d B I A . T
(xDB0037F4 | 0 i L I [ — i ] H i I i ) i I i i i
(20000094 | 0.333079s 2013079 s 4 883079 5 93830793 |
18387796 (56627/96] 234387796 450387796
| I
@Disassembly E Lagic Analyzer
|- >ij startup_stm32f: .';ﬁ;‘r_xe;sx*.-ﬁ Blinky.c | T x | EventRecorder o |
R0 (0800382C | :; LJ;;‘;;“I;;;; —————————————— A Enable [V B H 7 Mark [v| AllOperations [v] Stopped
=R (00000000 == i}— e -'i- T Event Time (sec) Component  Event Property Yalue
g Rz (00000000 ' e 1832t bins = 0: 7 |468306821  |STDIO | stdout | 0w63,0%6F, 0275, 074, 03D, 036, 0x0.4, 000 -]
: (C ol S N R | | S i
i) Qsen o 71 EventRecorderInitialize (E 2 551434731 |sTDIO |stdout 063, 0x6F, 075,074, 033D, D3 7, Coe0A, D00
j e HekEIRE . 72 SystemCoreClockSetHSI() : ' ’ i : ’
N R15(PC) EDB00TFI2 9 | 6.38562650
(S | 73 SystemCoreClockUpdate(); ¥ | — |- o
[E] project | = Registers e 2 <_|
Command 1 Bl Debug iprintf} Viewer 0 B
5 ' cout=9 ~
< s e
> 1]

ASSIGN EBreakDisable BreakEnable BreakKill Breaklist EBreakSet Breakhccess COVERAGE COVIOFILE DEFINE DIR Display Enter EVALuate | f;-_-"j-:allstack— Locals 'Debug {printf] Wie...

ST-Link Debugger t1: 7.84419968 sec 1169 Ci1 CAP NUM SCRL OVR R /W

Sk e GBS 123

CsQ 2,12, 2025
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NAHRAVANI UDALOSTI - EVENT RECORDER

Chceme-l1 monitorovat dynamické chovani vyvijeného programu, vlozime do
programového kédu jeden z nasledujicich zaznaman.

» uint32_t EventRecordData ( uint32_t id, const void *data, uint32_t len );

» uint32_t EventRecord2 (uint32_t 1d, uint32_t vall, uint32_t val2);

» uint32_t EventRecord4 (uint32_t 1d, uint32_t vall, uint32_t val2,
uint32_t val3, uint32_t val4);

Hodnota id nam identifikuje typ zaznamu. V prvém pripadé muzeme do
zaznamu umistit textovy retézec napr.

char string[10] = "MyTest";

EventRecordData (3+EventlLevelOp,string, sizeof(string));
Zbyvajici dva zaznamy umoznuji zobrazit dve nebo ¢tyri 32 bitové hodnoty
napr.

EventRecord2 (2+EventLevelOp,hodnotal, hodnota2?) ;

EventRecord4 (4+EventLevelOp,hodl, hod2,hod3,hod4) ;

Umistime-li tyto zaznamy do programu, miizeme ziskat nasledujici zaznam
Event Recorderu, ktery je zobrazen na nasledujici strance.
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NAHRAVANI UDALOSTI - EVENT RECORDER

_] Blinkyc | g startup_stm32f401xe.s ] EventRecorderConf.h Event Recorder

BO [H{ char string[l0] ="MyTest":; /f some

g1 int32 © num = 5 Enable Recorder. F| E" g™ | | A" { | Mark: 0oo1 w| Details
82 int32_t btns = 0;
83 EventRecorderInitialize (EventRecord Ewent Time(sec) Component EventProperty Yalue
g4 SystemCoreClockSetHS5I () ; L
85 SystemCoreClockUpdate () ; 1] EvCtrl EventRecorderinitialize | Restart Count = 8
86 counter=0;
a7 LED Initialize () 1 0.00067 712 | BEwCtrl EventRecorderStart
s Battons_Initialize(): 2 014512185 icl=0x0001 0x00000007,0x00000003
20 while (1) 3 | 0.14512942 id= 00003 (65547340, Ou00007473, CecDOO00000, CecDODD0000
91 H { btns = Buttons GetS3tate(): -
52 LED On (num): 4 043388827 id=0s0001 (ocO0000002, (ecD0000003
Zz ourpuE=i o 5 | 0.43339662 id="0ne0003 Onc53547940, TaeDOO0T7 AT, TacDOOD0000, TacDOODO000
if (btns==1) Delay({20); else De
95 6 | 0.72266325 id=0x0001 000000003, 0x00000003
96 counter++;
97 | // printf ("cout=%d\n", counter);: 7| 072267060 id="0ne0003 0235347940, CeaDOD0TA T3, TcDOO00000, CcODOD0O000
ag LED Off (num);
[> a5 EventRecord?2 (0x01, counter,3);
100 EventRecordData (3+EventLevelOp,=string, sizeof{string)):
101 cutput=0; , ’ v . \ 3 /’ v
102 if (btns==1) Delay(20): else Delay(5): // Zpozdeni Ze lekaneho zaznamu Je ZI'eJme’ ze
103 }
~ Vv e A4 / L4 . 3
e [ . uzitecnymi funkcemi jsou Event-

£ >

Record2 a EventRecord4, kterymi
muzeme sledovat promeénné v celém programu nebo jen v jeho urcité casti za
pouziti funkei FventRecorderStart (void), EventRecorderStop (void),
FEventRecorderEnable (uint32_t recording, uint32_t comp_start, uint32_t
comp_end) a EventRecorderDisable (uint32_t recording, uint32_t comp_start,
uint32_t comp_end). EventRecorderData je v radcich oznacenych 1d=0003,
kde jsou jednotlivé ASCII kédy pismen retézce v poradi od LSB k MSB bytu a
zbytek v druhém sloveé. Vystup nahravanych udalosti 1ze formatovat pomoci
souboru *.SCVD, jak je ukazano na posledni blane.
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NAHRAVANI UDALOSTI - EVENT RECORDER

: C,‘\ Us M@P\Eﬂﬁﬂtﬁ@mﬁm Trace Records

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

—— : = . = Type | ovi| Num | Address | Data | FC Iov] Gees | Tl =]
A ‘llf} i ﬂ| 4 =3 L'i}|__"'l | o |T“ B AR IE iz | & GPIO_CNF | [y 3 oot i iy
» 5 ; .| Data Write 20000564H 0000D001TH 1703 0.00003548
Ot % ™ TR R T i W U ey s s RO oy =
ST | Q_l 86O *{}J. i |@@« Lﬁl_ﬂ +t- H- |.?¢' Data Write 200005644  0ODODODOH  0BDOTI70H 20430732 042564025
System Analyzer Data Write 20000564H 00000001H 02001134H 40855754 0.85124488
= TE = - - i Data Write 20000564H ILELEEEEES] 08001170H 61288745 1.27684854
H& S G0 |d:“ Je[w 2 a|a @| (7] Data Wrte 20000564H  00DODDDOTH  0BOOT134H B1717764 1.70245342
Data Watch S i | e Data Write 20000564H 0000D0ooH 03001170H 102146759 212805748
4 o Diata Write 20000564H 0o0oDoo1H 08001134H 122575774 255366156
1 Data Write 20000564H ILELEEEEES] 08001170H 143004769 2 97526602
foutput & OxT) > Data Write 20000564H 0D00D0o0TH 0B001134H 163433784 3 40487050
it Data Write 20000564H O00000ooH 08001170H 183862779 3.83047456
Diata Write 20000564H 0o0oDoo1H 08001134H 204291794 4. 256079504
Data Write 20000564H ILELEEEEES] 08001170H 224TH7EY 4 68168310
Data Write 20000564H 0D0oD0o1TH 08001134H 245151565 h.10732427
Data Write 20000564H O000D0ooH 08001170H 265580575 5.53292865
| Data Write 20000564H 0o0oDooTH 08001134H 286011332 5.958565944
| Data Write 20000564H 000o00o0oH 08001170H 306440343 6.38417381
Grid: 15 0s 51s.d 6% |
«|
;!i'egist'ers J;l n! r -, ) mﬁﬁ}m;ﬂgg d :" Blinky.c* = x.l Event Recorder . - - o n
|| Register Value l;| 78 Elns_GetState () // (s Enable ¥ B @ 7 Mark lw| Al Operations || Stopped
El I} :2 i Event Time (sec) Component  Event Property Yalue
: g2 Delay(20); else Delay(5): // | 0 0,00088654 EviCtrl EventRecorderlnitialize Restart Count = 1, Timestamp Frequency = 428000
g3 1 000089550 | EvCtrl | EventRecorderStart
o P R & 468262044 | i 0x0000000S, Bx00000003,BxD0000002, 0x0000000T
e 3 468264005 34333231, 000003635
87 | 5) 4 5.533865%8 One0000007, Doc00000003, CreD0000002, eDO000001T
88 FlcorderStart () 5 5.53338581 0x34333231,0x00373635
89 | cord4 (0x01, counter,3,2,1); & 638511115 | Dx0D0D0D0B, CX00000003, DxDODODO0Z, D 000000DT
90 | RecordData (3+EventLevelOp,pole, e e e e
R0 D200 22C | {:% 91 | cordData (Ox03,pole, counter); Li .633513098 .933433323?,&(333?3«635
i b-RN 000000000 || || 92 wil_ | |
[E] project | 5 Registers < 2 ‘_l | j
Command 1 El Debug (printf] Viewer 0 % |
| & el
< * ]
} ) 1
ASSIGN EBreakDisable BreakEnable BreakKill Breaklist EBreakSet Breakhccess COVERAGE COVIOFILE DEFINE DIR Display Enter EVALuate @jiall Stack - Locals E:'aDebug {printf] Wie...

ST-Link Debugger t1: 6,80515085 sec 1291 &37 CAP NUM SCRL OVR| R/W

*TD o (CES. 1639

CsQ 2,12, 2025
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PROHLIZECIi BODY — PODMINENE BREAKPOINTY

Procesory STM32 maji 6 hardwarovych breakpointi, které lze nastavit za
chodu bez zastaveni CPU. STM32 ma také dva sledovaci body (Watchpoints),
které lze povazovat za podminéné breakpointy. Logicky analyzator pouziva ve
svych operacich stejné komparatory jako Watchpoints a musi byt sdileny. To
znamena, ze v uVision musite mit v logickém analyzatoru volné dve
promenné, abyste mohli pouzivat Watchpoints. Watchpoints se také oznacuji
jako pristupové body (Access Breakpoints ). Napriklad pouzijeme globalni
proménnou counter k ukazani funkce Watchpoint.

NASTAVENTI:

1. Prejdeme po prekladu do debugovaciho rezimu

2. V okné Debug vyberte breakpoints nebo stiskneme Ctrl-B.

3. V okné Breakpoints volime Read a Write

4. V radku Expression box zapiseme napr. Counter==0x08.

5. Zmackneme Define a Close.

6. Muzeme proménnou counter sledovat v okné Watch 1.

7. Pouze compiler5: V polozce Debug - Debug Settings volime zalozku tabulky

8.

Trace. Oznacime “on Data R/W sample”, EXTRC bude neoznaceno.

Opustime Debug, otevireme View — Trace - Records a spustime program.

FEL CVUT Petr Skalicky, katedra radioelektroniky 18



PROHLIZECIi BODY - PODMINENE BREAKPOINTY |

== — R | BEl b
CEspression: [courter == 005 (F Read ¥ Wime> : '
, e Sixe; | Records |
Count; |1 =5  Bytes
Command: ]] |1 — ¥ Objects

Breakpoints

Cumrent Breakpoints:
V)i 00: (A readwrite 0x20000004 len=4). ‘counter == (0x05".

Chovani programu s podminénym breakpointem je ulozen v projektu
Conditional_Break.
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PROHLIZECIi BODY - PODMINENE BREAKPOINTY |

== — R | BEl b
CEpression: [courter == 005 (F Read W Wie > _ '
: e Size: | Records ;|
Count; |1 =5  Bytes
Command: ]] |1 — ¥ Objects

Breakpoints

Cumrent Breakpoints:
V)i 00: (A readwrite 0x20000004 len=4). ‘counter == (0x05".

Chovani programu s podminénym breakpointem je ulozen v projektu
Podminény Break.
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FORMATOVANI NAHRAVANYCH UDALOSTI - EVENT RECORDER l

Event Recorder a
Enable Recorder: [V | 3 ] v | Mark: lw| All Operations vl I Stopped
Event Time (sec) Component Event Property Value

0 Init Event Restart Count=0x00000001 -

1 0.00514075 ' id=0x0001  0x00000010,0x00000000 |

2 000516550 | 'id=0+0003 0x6554794D,0x00007473,0x00000000,0x00000000

3 000521233 'id=0x0001 0x00000060,0x00000000

4 000523592 | ' id=0x0002 | 0:00000000,0x00000000

5 000525092 id=0x8B00 0x00000001,0x00000002

6 000528308 id=0x8B01 0x00000003,0x00000004

7 000530625 id=0x8802 0x00000005,0x00000006

8 000532042 | id=0x8B03 | 0x00000007,0x00000008

9 000535317  MyCo InitEntry '

10 000538008  MyCo InitStatus |

11 000551125  MyCo 'SendComplete ' size=4 —

12 000553750 | MyCo | SendFailed '

13 208886600  MyCo 'ReceiveComplete size=4

14 208889217  |MyCo | ReceiveFailed '

15 208891708 id=0x0001 0x00000060,0x00000000

16 208804183 id=0x0003 0x6554794D,0x00007473,0x00000000,0x00000000

17 41727725 id=0x8B00 0x00000001,0x00000002 .
MyComponent Overview  Event Recorder _ :— :
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