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PLS Development Tools

Debug, test and trace tools for
microcontrollers and multicore SoCs

Made in Germany
B - Since more than 30 years on the market
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Universal Debug Engine® UDE

Complete workbench for debugging and trace,
including

Software Debug environment on PC

= Debugger software

= Debugger hardware

Debugging and trace on real target hardware

= Microcontrollers, embedded systems,
multicore SoCs

= ... on virtual prototypes / simulators Hardware Target access

Real Multi-Core Debugger Support for different Debug I/F
Support for trace I/F

= System centric debugger environment,
not core centric

= One common user interface

= |Integrated Core Debuggers instead of separate
debugger Ul instances for cores
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Architecture and Controller Support

@ ) Kys Renesas QM 2L RISCV- SYNOPSYS'

life.augmented

AURIX TC4x, TC3xx, S32Z, S32E Real-Time Stellar Cortex®-R52 R-Car Cortex-M (M7, M4, SiFive ARC EM
T C2xX amNagotive M4F, M3, M1, MO)
microcontroller family RH850 GreenWaves ARC EV

TriCore TC17xx,

TC11xx S32G, S32v SPC58xx, SPC57xX, SH-2A
Quad Cortex-A53

: UDE Support for Virtual
XMC4500 / XMC1000 Multi-core Power )
S32S Quad Cortex-R52  Architecture (€200 e Prototypes / Virtual Targets

cores) .
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Cortgy aa
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S32K, Kinetis, LPC
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Software Architecture for GTM Applications

= GTM application
= GTM MCS channel code

=

= Created by assembler or C compiler (HighTec, Tasking) Bin %
Core 0/1

= Binary cannot be loaded directly into GTM RAM %?M é

o

= Copied by host application
3 Only debug symbols need to be loaded into GTM core debugger

= Host application
= Application code for host cores (e.g. TriCore, Cortex-R, etc.)
® GTM MCS binary (C-array)

= |nitialization and start-up of GTM

= Enable GTM clock

= Copy GTM binary into GTM RAM
3 Binaries and debug symbols need to be loaded into core debuggers of host
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Loading GTM Applications

= Load host application into FLASH / RAM

= Load debug symbols for host
application into host core debuggers

[N Multicore / multi program loader

I~ ackitonal dawnload \ \ x DX+ 4
Load File To ontroller) Corel ontrollerd. Corel ontoller). Core2 | ControllerD. G T | Hex/ELF I Cancel |
oo

M tc397we256_mos_example_hostelf {. B ok oM
Help |

Binaries are loaded by the boot core,
other cores are inactive and are woken o

up by the host application
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Loading GTM Applications

Load host application into FLASH / RAM
Load debug symbols for host

[N Multicore / multi program loader

mr e [ |

application into host core debuggers T
Load File To | Contrallerd.Corel | Contraller).Corel | Contraller).Core2 | Cantrall Th | Hex/ELF Cancel |
E C. e, mcs_example_nostell 1. EE DE DE D
[} :egg;xeggg:mcsaﬂ.elf E:;Sse:s\trfa... ao ao ao D? Help |
Load GTM Application
i W Section relocation E jgmag|
Contalns GTM debug SymbOIS Flease d carefully the mapping to the right micro channel sequencer (MCS). o
i i Code GTM/MCS unit: m Data
No binaries
Section | Location Section | Location
UDE tries to assign automatically the correct e met L vy .
MCS for the ELF and to map GTM local
addresses to system global addresses (based on file names)
User needs to check address mapping of [l |[ == | Ee=r]

code + data sections to MCSx
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Loading GTM Applications

Load host application into FLASH / RAM

Load debug symbols for host
application into host core debuggers

Load GTM Application
Contains GTM debug symbols
No binaries

UDE tries to assign automatically the correct
MCS for the ELF and to map GTM local

[N Multicore / multi program loader

[~ Additional download ﬂ  r ¥
Load File To | Contrallerd.Corel | Contraller).Corel | Contraller).Core2 | Caontrallend. | Hex/ELF Cancel |
M 1c397xe256_mes_example_hostelf {.. B & m ) m ) [m ]

B tc3974e256_mes0.ef {C:\Users\bra.. O1 01 m | m | (m ]} Help |
H [Gx 301 el {C:5 sersibra [ ] oo oo m]

O =Binary

] =Symbolz

addresses to system global addresses (based on file names)

User needs to check address mapping of
code + data sections to MCSx

Multiple ELF files possible (e.g. separately for MCSx)
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Debugging GTM

Display of assembler code executed by MCS Display of channel registers and module

channels registers (TIM, TOM, SPE, etc.)

Display of C sources if MCS code is compiled by Watch variables

C-compiler . - Real-time watch of variables, registers, memory

w1 UpdateWaveBuffer():
0=7401046C 54 02 02 E0 CALL  D=0254
. 113 UpdateWaveSun( ) . . .
0274010470 34 03 03 E0 CALL  0=0334 M d f bI bI t
14 odltiaple varianles, registers, memor
. i STRG = 2:
0x74010474 02 00 00 1B MOVL  STRG. 0=000002
116: 4/ walt until main channel iz triggered
P __wurms( & STRG, 1. 1 ).
0=740104%8 01 00 00 15 "HOVL RS, 0=000001
0=7411047C 01 00 BO FS DURM RS, STRG. 0=0001 Name & Value Bit field Value
2 Dx?4DlD4ED 04 00 00 1B MOVL  STRG. 0=000004 EemGTM_0_GTM_CLS0_TIMO_CHO_CNT 0x00079D39 CNT 0x079D39
i STRG = _GTM_CLS0_TIMO_CHO_ECNT 0x00003B4E ECNT 0x3B4E
0 74010454 08 00 00 1B MOVL  STRG, 0x00000%
o 3 = _GTM_CLS0_TIMO_CHO_GPRO 0xCACCEBF67 ECNT 0xCA
125 = Chamnel support A |00 00 LA HOVL CTRG, 0x000008 GPRO 0xCC8FE7
130: = The subseguent functions ars sxscutsd on the 8§ di ScmGTM_0_GTM_CLS0_TIMO_CHO_GPR1 0xA2DAOFBT ECNT OxA2
13 » By defauli the nein() function is esccuted by cha lon 00 1A WOVL  CTRG, 0=000004 s el ]
¢ 133: void channell( woid ) __attribute_ ((channeli{l)}) 00 00 14 MOVL  CTRG. 0=000002 Name Value | |_CLS0_TIMO_CHO_IRQ_NOTIFY |0x00000008 GLITCHDET 0x0
134 { E &[] mes cnl 0:F 0138374 TODET 0x0
e 135 while(l) 2 & mes_con{l] | 43803 .
136 { o ] GPROFL 0x1
137 /7 vait until chamel is triggersd By main() cha mes_crfll] | 43604 CNTOFL 0x0
e 138 wurmz( & STRG, 2. 2 ): @ mes_cnf2] | 43805
139 - & mosont3] | 43306 ECNTOFL Ox1
140 s4 create some moving channel data & mes_conif4] | 43807 NEWVAL 0x1
P channell_datat+: & mes on5] | 43808 |_CLS0_MCS0_STRG 0x00000001
Y %f(m” == channsll_data] & mos_onilE] | 43809 |_CLS0_MCS0_CHO_PC 0x00000224 PC %0224
. 144 channell_data - 0; G mes_en(7] | 43810 |_CLS0_MCS0_CH1_PC 0x00000370 PC 0x0370
iig } 1 el mes_ont 0F 0140374
147 Lpgianal: job fanished to nain() chennel & _mos_enfl] | 21901
Loy e @ mes_enf{l] | 21502
149, 3 @ mes_enf?] | 21903
i i o o mes_on{3] | 21904
< > @ mes_cnf4] | 21905
@ mes_enfS] | 21908
@ mes_enff] | 21907
@ mes_en7] | 21908
<new variables
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Debugging MCS Code — Run-Control

GTM prior version 4.1 GTM version 4.1 (and higher)

No HW debug support for breakpoints Hardware breakpoints introduced with GTM v4.1
No breakpoints, no single stepping “Normal” debugging of MCS code now possible

Breakpoints

Suspend / release synchronized with run-control of host Single stepping
cores

Multi-Core Run Control Manager ® 2 [core0Dhated B [Core01 inactive M
e Gl \board\gtm. 5 Cl-\board\TaskingMICS0< s
= M- Core Fum Contrl T A..\board\gtm.c X 0x6400313C| Ln 1026| : x | Ln 106]
& Querview svalable Diebugger Used Debugger 4/ switch on the DPL ol ac=—— -
ERun Control Group 1 Cortlet Carel e  GTH_D GTH_CLSO_DPLL ¢ CTRI 1R |= 0x2;
L. Group Member e . . ive]
Controllerl Corel
Enable Run-Control Groupls! Cortrollerl Core2
b2d S /7 create sone noving data
lete Run-Control Group(s L] ComalerlCored . Updatelavebuifer().
< | [ Corce . XZuld handle_gtn_tasks(void) . Updat Sund) ;
Cortrolled) GTM
E (3| Corel haked breck | GTM hale MCS:D CHO Ao /7 Read FIFO ChO (AFD) Urite to FIFO (AFT | |@ ST) A
B 5§ &0 B (3] CoreDhated by user brea - iBBRY '/ Read GTH MCS1 Chl from FIFO (AFD) Chl 7/Q+ intil nain channsl is triggere
D:\..\code\app\applprocd_loop.c X )2306| Ln 78] $  DA-Amesksrcimes00\main_mcs00.c X N3 é . GTH_0.GTH_CLS0_AFDO_CHL BUF_ACC.R = GTH 0 - __wur & STRG, 1, 1 );
4 .
~ ~ o
/7 botivate interrupt syster ~ int GTH_Init(veid) .
. InterruptInit();: s+ Delay loop — may require noopts . -
.. +  EnableGTH( .
void some_delay (unsigned int cnt) . EnableClm:k(CHU CLED. 4): /7 CHU Clec .
#7 Call GTH.HCS exanple rel: . e EnableClock(CHU CIKL, 8); »7 CHU Clac 3
extern void gm_mos_test{vo: | [o for (; ot > 0 ——ont) e  EnsbleClock(CHUFECLKD, 0); -~ fimed ol 1
. gtu_ncs_test(): . , +  Enableiru(); .3
. __asn('nop' ) e EnableFifo(}:
. b e EnsbleBre(); o
/7 Loop forever Cancel Apply Help e EnsblestomD 0(CHU_CLKL); -~ Enable ATC * Channel support
for (30 . return; +  EnableTom0_0(CHU_FECLEQ): - Enable TON * The subssquent functions are exscuted on
e Enablelin, n(cnu CLEL): /7 Enable TIN # By default the nain{) function is execute:
o FEnahleTim0 17CHIT CTHTY 7 Fnahle TTHY * v
o T < > >
¥
..
/7 Channel 0 nain
.
e e int mos_nain_chi(void)
#pragua ssotion /7 CEUD. text
777777777777777777777777777777 vl|l= for (1) v
< > < >
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GTM Trace

= Because of specific hardware characteristics and real-time characteristics of the applications breaking
GTM is often not a good idea.

Debugging use cases for GTM

= Monitoring
= Program execution of MCS channels
= Data transfers (MCS, DPLL RAMs, ARU)
= Module signals

Typical Trace Use Cases

Run-time observation without

= Debugging MCS execution

influencing the run-time
behavior

= Monitoring program flow

= Debug GTM / host core(s) interaction
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GTM Trace Features

MCS trace GTM trace is integrated into device trace system
Program trace (fetch trace) MCDS for AURIX
Data trace (r/w) for RAM accesses CoreSight for Arm based devices (Stellar, S32)
Parallel trace of single channel / multi channels Nexus for PowerArchitecture (MPC57xx, SPC5)

Address compare and triggers for code addresses

ARU data trace Parallel trace of GTM and main cores

Two trace channels - trace of two ARU debug channels Global timestamp *

in parallel Cross-triggers for signaling GTM « Cores (e.g. trace
TIM / TOM / ATOM trace start/ stop) *

Two trace channels - trace of two modules in parallel

SPE watchpoints

DPLL data trace
Trace of one DPLL memory module
TBU trace
Trace of timestamp of one TBU* * Device specific
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Trace Support in UDE

Controllerd_CoresightTrace (1/2) ~ox
[ Address [ Interpret [ Source [Function | Client [nal
16517 GTHO_TEUD Tinestanp: 0x2387E% GTHO_TEUD
H 46518 0x74010278 SHL Re, 2 UpdateWav. . . GTHO_NCSO_CHO
Tr ace Wl n d ow 46519 0x7401027C MOVL R3, 0x000001 UpdateWav. . . GTHO_HCS0_CHO
46520 0x74010280 MWRI R3. R4, 0x0054 UpdateWav. . . GTHO_NCSO_CHO
46521  0x74010284 ADDL R2, 0=000001 UpdateWav. . . GTHO_NCSO_CHO
46522 0x74010288 ADDL RS, 02000001 for (ka0 kektlaz; kt) UpdateWav. . . GTHO_NCSO_CHO
H H 46523 0x7401026C MRD R4, 0x01ES UpdateWav. . . GTHO_NCSO_CHO
Sequenna ISt of recorded trace data 46524 076010230 ATS RS, R UpdateHav. .. CTHO_NCS0_CHO
46525 0x74010234 JBS STA, CV, 0x0274 UpdateWav. . . GTHO_NCSO_CHO
46526 0x74010274 MOV R4, R2 VaveButfer[iv]=1; UpdateWav. . . GTHO_NCSO_CHO
6527 Th ETHO_TEUO
Program ﬂOW 46528  0x74010278 SHL Rd, 2 Updatelav. . . GTHO_NCS_CHO
46523 0x7401027C MOV R3, 0x000001 UpdateWav. . . GTHO_NCSO_CHO
46530 0x74010280 MWRI R3. RM, 0x0054 UpdateWav. . . GTHO_NCSO_CHO
46531  0x74010284 ADDL R2, 0x000001 UpdateWav. . . GTHO_NCSO_CHO
Data transfers 16532 GTHO_TEUD Timestanp: 0s23§7£3 GTHO_TEUD
46533 0x74010370 WURM RS, STRG, 0x0002 GTHO_NCSD_CHL
46531 0x74010374 MRD RS, 0x01FD GTHO_NCSO_CHL
16535 GTHO_TEUD Timestanp: 0x238%se : GTHO_TEUD
H 16536 TIND ChO: 0->1 GTHO_TINO_CHO
Slgnals 16537 GTHO_TEUD Timestanp: 0x23Sbee GTHO_TEUD "
< > —
p Execution Sequence Controller0_McdsTrace A= 4

A

EtC corel_main IO ONOYEE (OO OO CO{UN0ERIoR) MOORTEIIE NOINOCTED ORNIOOINRIEH (OB CO OO ORDRRIONIED) MNNREIENDRN O
. Task_100ms top stop | stop | stop stop | stop | stop.
50 I stop I stop I stop| I stop | Estopl ptop 0 stop I stop I stop 0 sthp I stop K stop I
stop. [ stop. [ stop.
Execution Sequence Chart
stof
top | stop | stop W stop || stop | stop | stop. | stop
. . R . top stop stop. stop stop stop stop
HandlelsrCCUSTimer stop stop. stop op stop stoy stop stop. stop. stop stop stop stop stop stop
Graphical visualization of MCS channel code P S :
rCCUETI stop stop. stop is]s] stap stol stop stop. stop. stop. stop stop stop, stop stop
fime (s} 5 ' 6 ! 7 8 ' iy '
executio n Over ti m e marker M1: 579.447ms  (-339.858 ms) M2: 708.343ms  (-210.462 ms) M2-M1: 129395 ms
C d C Code Coverage (trace) - Cored - x
ode Loverage § oiTecs
Start End File Line | Line Coverage MCE Coverage
. coret_main 0%803003E8 | 0x80300481 | Cpul_Mainc | 171 4T.06% 75.00%
Statement coverage (0 b ject code) nataioies | oos0vat | cout e T
ECheckinTime 0x803002CC | 0x803002FD | Cput_Mainc | 77
boolean CheckinTime (TTaskinfo “pTaskinio) 0x803002CC | 0x803002CD | Cpul_Mainc | 77
. boolean retval = FALSE. 0%803002CE | 0x803002CF | Cpui_Manc | 78
B ran C h Cove rag e (0 bj e Ct C O d e) i (-1 == pTaskinfo>L 0x80300200 | 0x80300203 | Cpui_Mainc | 80
pTaskino->L = pTaskinio~ 0180300204 | 0x80300207 | Cpui_Mainc | &2
refval= TRUE; 0:80300208 | 0xB0300200 | Cpul_Mainc | 63 | 0,00% | 0,00%
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Init TriCore

Example: GTM / Core Interaction e

[
x

Smemode: [Syne ] bresk_out muting:
Using MCDS trace of AURIX Enable monitoring of = SRislave 1:  [None ~]

Core Y: SRIslave 2. [rone =
GTM and Core0 ' |
[13 - ” - - -
Graphical” trace configuring with GTM: Setup MCS trace @ x
- Select MCS module and MCS Modul=  [iCS0 T]  Datatrace enabled
bU||d|ng blocks S Channel
Monitoring GTM interrupt St =ctiens c
Actions:  [ticks on ~
R store Core X PC ~
Parallel trace of MCS channel and main S GTM rooe Gomevod by Core W) -
core Signal program address @ x
o ] ) Trace recording around e
. Core XPC  ~ | == [isr_gtm_mcs0_ch2 -
Exact timing of interrupt handling Core0 interrupt handler | =
Actions on condition W >
Index | Tick | Address | Interpret | Source | Function | Submodule | = -
1: ZED34 . 0=C0001224 HMOVH di1E5., O0=xF012 GTH_AFDO_CH1_EUF_ACC = GTH_AF. .. handle_gtm_tasks | V| |'5‘—°"”‘—f"‘55‘3—"h2 -~
1 0=CO000122E ADDI d15. d15, —0=7F70 handle _gtm_tasks Actions: [ingger trace -
1: O0=CO0001232 HOVH 42, 0xFO12 handle gtm_tasks
1: 981 .98 us 0=CO0001236 ADDI dz. dz. —0=7F&80 handle_gtm_tasks
1: 0=C0001234 . handle_gtm_tasks
1 982 .07 us 0=xFO1380CE MOVL CTRG. 0=000001 :
i $82.09 us 0=FOL380CC ADDL RD. 0x000001 Rise IRQ
1: 982 .11 us 0=FO1380D0
1. 982 13 us D=ED1380D4
1 981 .99 u=s 0=C000123C ILD.W d2. [al5] 0=0 handle_gtm_tasks
1: 98 19 u=s 0=CO00123E Interrupt: MOV A =515 tasks
1:
G 5(—0 05 us betwesn #26044 and #26046 |nterrupt (@N O] (=10]
1: .. O=CO00040C2 MOVH. A =215, O0=DOO0OO0
1: .. O0=CO00040CE LEA a2l15. [215] 0x134
1: 982 . 26 u=s 0=CO00040CA LD. A al4, [al15+] 0O=4
1: .. O0=CO00040CC LD.W d4. [=al15]
1: Q982 .28 us O0=CO00040CE CATLLI =214
1: 0=F01380C0 i
1: 982 .31 us Trigger Begln Of IRQ handler
1 982 30 u= 0=CO0000478 MOV 24 214, 210 =r_gtm_mc=l0_ch?Z?
1: O0=CO000047A SUB. A al0, 0=x8 i=r_gtm_mos0_ch2
1: .. 0=C000047C ST.W [214] —0=x4., d4 i=r_gtm_mcs0_ch2
1: 982 .31 u= 0=CO000480 MOVH 4d15. 0xDO00 if (done) isr_gtm_mcs0_ch?
1: .. OxCO0000484 ADDI di15. diS. 0=0 i=r_gtm_mcs0_ch2
1. N
1: 982 .32 u=s 0=CO000488 HOV A al5. d15 i=r gtm_mos0_ch2
1: Q982 .33 us 0=CO0000484 LD.W d15. [=215] 0O=0 i=r_gtm_mcs0_ch2
1 Q09 24 e NerAAANASE  T7 A1E  Aer0nnnAsn e e o 1
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