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PLS Development Tools

Debug, test and trace tools for microcontrollers and
embedded processors

Made in Germany

Easy-to-use, efficient and reliable
development tools since 1990
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UDE® Universal Debug Engine

Complete tool set for debugging and trace

Software Debug environment on PC

= On real target hardware

= Microcontrollers, embedded
systems, multicore SoCs

= On Virtual Prototypes / Simulators

Hardware Target access
Support for different Debug I/F
Support for trace I/F

= Real multicore debugging

= System centric debugger environment,
not core centric

= One common user interface
UAD2pro

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

infi ﬁ pr a rm RENESAS wTIE}éTASRUMENTS L RISC Synupsys®

AURIX TC4x, TC3xx, ¥ Stellar automotive S32N55 Vehicle Cortex-M (M7, M4, RH850/U, RH850/E?} Jacinto 7 SiFive ARC EM
TC2xx microcontroller famil Super-Integration M4F, M3, M1, MO) RH850/C TDA4, DRAS
— Processor GreenWaves ARC EV
Automotive RISC-V SPC58xx, SPC57xXx, Cortex-M23, RH850/F1, Sitara AM64x
Prototype SPC56xx S32G, S32G3 Vehicle Cortex-M33 RH850/P1, RH850/D1 GigaDevice ARC HS
Network Processors Sitara AM243x
Traveo T2G STM32 series Cortex-R52, R-Car ARC-V
S327, S32E Real- Cortex-R4, Cortex-R5
XMC7000 Jime Processors RZ/T, RZIN Various Virtualizer
CorteX-A8, Cortex-A9 Deve|opment Kits
XMC4xxx, XMC1xxx S32V S32V2 Cortex-A53 RA4, RA6
Processors for Vision D
~ e
TriCore TC17xX, ARM7 / ARM9 / SH-2A oS ‘ .
TC11xx S32K1, S32K3, S32M  ARML1L | 7 . =0 /4
GTM IP implemented UDE Support for Virtual
XC2000 / XE166 S32R Radar PP .
Processing Prototypes / Virtual Targets
Rt UDE GTM Support = Synopsys VDK incl. GTM
‘ = Basic debug support for . —
@ PC56xX GTM version < 4.1 & = COSEDA COSIDE®
n - <. : —
Kinetis, LPC MCS run-control for GTM 4.1 @ ) i, =
= Trace support YL 1) o
KWA45 Wireless MCU . - N ////‘((
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Basic GTM MCS Debugging

= Display of assembler code executed by MCS

channels

= Display of C sources if MCS code is compiled by

C-compiler

sone moving data
Buffer():
54 02 03 E0
Suni )

4 02 02 EO0

CALL
CALL

2 00 00 1B HOWL
il main channel i=
STRG,

. )
1 00 00 15 HOVL

1 00 BO F§ WURH

129: =+ Channel support. "
130: = The subszequent functions are sxecuted on the 8 di
131: = By default the main() function is executed by cha
132: =~
. 133: void channell{ woid )} __attribute ({channel(1)))
134:
. 13t while(l)
138 {
137: A7 walt until :hannel iz triggersd by main() cha
. 138 __wurnz( & STRG, 2. IS
139
140: /4 create some noving channel data
. 141 channell_data++:
. 142 if (100 == channell_data)
143
- 144 channell_data = 0;
145
146:
147: ris s1gnal job finished to main() channel
. 1l48: STRG =
1439 3
. 150: 3 v
< >
« 11 =
Ux?4UlU4BU
. 119 STR
Dx?4DlD4B4
. izn =
Dx?4010488
. 121 CTR
Ux?4UlU4BC
. 122
Dx?4DlD4BD

04 00 00 1B HOWVL

08 00 00 1B MOVL

=
@

00 00 14 HOVL

04 00 00 14 HOVL

0z 00 00 14 MOVL

0=0254
0=0334

STRG,

0=z000002

triggerad

RS, Dz000001

RS, STRG.

STRG.
STRG.
CTRG,
CTRG.
CTRG.

=000l
0=000004
0=000008
0=000008
0000004
0=000002

Multicore Debugging for GTM Virtual Prototype

Display of channel registers and module
registers (TIM, TOM, SPE, etc.)

Watch variables
Real-time watch of variables, registers, memory
Modifiable variables, registers, memory

Name Value
= el] mes_cnt 0xF 01 38374
& mes_ontl0] | 43803
& mes_ontl1] | 43804
& mes_ontl2] | 43805
& mes_ontld] | 43806
& moscontld] | 43807
& mos_crtl] | 43808
C  mes_crtff] | 43809 ¢ value Bit figld Value
C_mos cnf7] 43810 _GTM_CLS0_TIMO_CHO_CNT 0x00079D39 CNT 0x079D39
5 ol mes_cnt 04F 40374
e GTM_CLS0_TIMO_CHO_ECNT 0x00003B4E ECNT 0x3B4E
P R _GTM_CLS0_TIMO_CHO_GPRO 0XCACGSFBT ECNT 0XCA
o mesenZ] | 21903 GPRO IXCCEFBT
& mesentld] | 21904 GTM_CLS0_TIMO_CHO_GPR1 0xA2DADF67 ECNT A2
@ mesentld] | 21905 GPR1 OXDAOFG7
& mos_onffE] | 21906 GTM_CLS0_TIMO_CHO_IRQ_NOTIFY |[0x00000008 GLITCHDET 00
@ mes_entlE] | 21907 TODET 00
& mesentl7] | 21908 GPROFL o
<new variable: CNTOFL o0
ECNTOFL ot
NEWVAL ot
=GTM_0_GTM_CLS0_MCS0_STRG 0x00000001
H=mGTM_| 0%00000224 PC 010224
S =GTM_0_GTM_CLSO0_MCS0_CH1_PC 0x00000370 PC 0x0370

1s e
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MCS Instances and Channels

GTM Architecture Debugger View

n MCS instances Focus on single channel of MCSn
8 programmable channels per MCS instance Switching between channels:

E0 |CoreD hatted MCS1 CH3 -|GTM halted G 5 s & Wl
D\ \GTM\GtmMcsDemo\src\MCS0.c x | [MC5:0 CH:0 d:\ AGTM\GtmMcsDemosrc\MCS1.c X 0xF4030254| Ln 62| 5
-0 CH:1
int mos_main_ch0(void) 0 CH- . HCS1_CHZ vartt,
MCS:0 CH:2 . delay{CHANNEL_DELAY)

. HCS0_CHO_var=0; MCS:0 CH:3 s/ set _trigger for next channel
- for (;;) MCS:0 CH:4 - _ =et_STRG(4);

HCS0_CHO, ficso e ; 0

_ _var++) MCS:-0 CH-6 return 0
delay (CHRNNEL DELAT) o0 o0 }

/7 =et trigger for
__=s=t_STRG(1): MCS:1 CH:0 int mos_main_chd(void)
77 wait for triggerMCS:d CH:1

ettt o Y e o . MCS1_CHS war=D:

) - - for (::)
Dropdown of all MCS W.W % o veit for trine
. .l CH:5 o __wurnx(STRG, 4, 4);
instances and channels WS- .

=at CTRGOLY
MCS:1 CH:7

MCS: 1 Channel: 3 X i Fall Stack X

Channel O

Channel 1 1 cs:2 ch : k
GER |CTRG / STRG MCS:2 CH:2 FC | Functiom \
Channel 2 I e | Vaine, Name Val“m; E:j 0=F4030290 mcs_main_ch3{ )
z0 | oxoo000003 = 0xF40304ycs CH5
Channel 3 I R1 | 0x00000001 |CIRL | 0=00000{MCS:2 CH:6
%2 | 0x00000004 [SE_CHT|0x0 Mcs:2 cH:7
Channel 4 I R3 | 0x00050000 [SAT -3 CH:0
R4 |0x00000000fCWT  |OJ = LI MCS1 Ch3 gets
Channel 5 I RS |0x00000000 |CAT |00 ‘(jg gng o g
Ch 6 R6 | 0x00000000 [N ] 3 CHa visible / debug focus
anne I R7 | 0x00000444 |V ] MCS:3 CH:5
_ CTRG | 0x00000000 )z =] MCS:3 CH6
Channel 7 STRG | 000000000 [CY O -3 CH:7 (
] 4 CHO
MCS:4 CH:1
MCS:4 CH:2
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Debugging on Virtual Prototypes with UDE®

Unified debugging environment for both virtual Simulator integration
prototypes and real hardware MCD — Multi-Core Debug API (e.g. COSIDE)

Integrated instruction set simulators
Start software development early (pre-silicon)
E.g. for GTM5

Smooth transition to real hardware — same UDE
interface, same workflows

Proprietary simulator I/F

Object Model API

Automation & Scripting I/F|
RUST : phig UH
prOf“ing
warencs
Coverage Awareness
HW-less automated regression testing Flash Core — RTOS
~ Symbols -
Programming Debugger Analysis Awareness

Repeatable runs, and reproducible scenarios

Shorter time-to-market

MCD Sim 1 Sim 2
Target I/F Target I/F Target I/F

Higher software quality Debug XcP/ Trace
Interface CAN Interface
Simulator Simulator Simulator
Multicore

Microcontrollers /
Embedded Processors
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Debugging GTM Virtual Prototype vs. Real Silicon

GTM in Real Silicon Virtual GTM (COSIDE®)

= GTM needs to be enabled and initialized by host application

GTM prior version 4.1
= No HW debug support for breakpoints
3 No breakpoints, no single stepping

= Suspend / release synchronized with run-control of host cores
= GTM can be suspended when host core(s) hits breakpoint

GTM version 4.1 (and higher)

= Two hardware breakpoints introduced with GTM v4.1
N “Normal” debugging of MCS code now possible

= Breakpoints + Single stepping

= Break options for breakpoint or manual break

= Only MCS channel in focus
= Entire GTM

8 Multicore Debugging for GTM Virtual Prototype

N
N

Independent from host MCU
Host application by COSIDE®

No enabling and initializing needed
GTM is ready right from the beginning

Unlimited number of breakpoints

Entire simulation model is halted on break, “Time is frozen”
Breaking has no influence on system behavior
100% reproducible

UDE as frontend for simulator

N

Virtual target in UDE, no debug probe
Same look and feel and comparable functionality
Seamless switch from pre-silicon development to real HW

rls——
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Debugging GTM Virtual Prototype

[ d g
File Edit Navigate Search
ol widY
[c. x Byp.. = O

&%
v @ cos_gtm_motor_exampl
> [ configurations
» B gtm_control
B lib
> B> sensors
+ [ tio_blde_app
v [ Others
[€] build.sh
[3 included.modu
library.descripti

test_pregrams.}
TIO_BLDC app_
TIO_BLDC app_
TIO_BLDC app.
TI0_BLDC app.

v [ top
~ 4§ Binaries
I gtm_motor_top
> [ Trace files
> & gtm_motor_top
> [ Others
(@) index.html
> J% Configuration
> B Logs
(@) index.html
(i) overview.html

Project Run
Bit-0-i® -

Toé gtm_motor_top_simple_tb.wav

Window License

Help
< [E

e X

CREHE MW AT AR K& @i 0 Q1]

Wi_gtm_motor_top.s_rpm 9=+
M .._bldc_moterl s_torque
B ..tor_top.s_rpm_target

Mi_gtm_motor_top.s_u
W i_gtm_motor_top.s_v
Hi_gtmn_motor_top.s w

B .._gtm_motor_top.s_h1
B .._gtm_motor_top.s_h2
B .._gtm_motor_top.s_h3

B Console X [0 Plopen:ies

gtm_motor_top._simple tbexe[COSIDEModeH Ipi

TNFO 58000136
INFO 88060130
INFO 8888385 ns
INFO 88868385 ns
Interrupt vector pending:
Scheduled IRQ: 516 Prio: 2
<

ns
ns

TI0_BLOC_app.cpp:3585
TIO BLDC app.cpp:312>
TIO BLDC app.cpp:329>
TIO_BLDC app.cpp 31>
516 Prio:

dded d d d O
dded d d d g d d O
O~ Bl v ra -
J 20@R|@-i-e |c2 File Edit Debug Show Views Tools Config Help T
e B 2 Aoim B BB AR 5
DOL¢YS B0 mF o o=z G H 0 4 ® L/GTMhalted by user br [NC50 CHOGebig -] gz B F 1A - I GIER” FEqQRESERO0® T E
Target Manager  ~ § X | |DA-WTIO BLDC app.cpp X | 0xE0014D00| Ln 120 5  Core Registers X l_ $ Watches1X | s
ar
R TargetManager . CISI TBU CHEN = OuZ, ~ | [ 2R [c1RG / stRe Name Value [~
& 9 Targetd . Neme  Value Name Valae A [Eey n;,b:lcl? ‘ #EQDTO0CC
& # Controllerd void track_mcs_progress(int wval){ . . . inms alstep
Py «  CISI.TID.G[D].CH[4] SOF += wal: 20 |0x00000000]FC | OxE001EDRR & hal_speed ]
- 5 Rl | 0x00000000 |CTRL | 0x00000001 @ duly_cycle 0z
&-& Memery R2 | 0x00003032 | SP_CNT|0x0 & last speed_count | 20769
R3 0x00000066 | SAT [m] @ first_cal
int bld d1. BLDC_QUADL_ON - ar 0 o Id\
int c_quadl_on = - _ON: o s
tio bldc t tio bldcd; BS cr |0 o quad
tio_blde t tio bldel: RE 0x0000000D |N O ¢ update_source
GTM Symbels T B X |y void start_blde quadd() { 27| 0%00000210)V g & peiiod 28
T » init_blde - 7uad0C) CTRG | 0200000000 |2 =] @ ch_shit
4 #1f COMPILE_HCS == STRG | 0x00000000 | C¥ o lio_gioup
] Header files / Other while Ttras){ g oo
Source files _ wnrcs( & _ TIOI, 0x0, (0=D ¢ Mca |00 S
& TIO_BLDC app_isr(&tio bldel. tzv ERR |0 mes_ch
T = o {} tio_bldel HEOD1D104
. #endit B | & hal_sten b
Breakpoints - o3 R o hal_speed
f . woid start_bldc_quadii() { 2CE | Oxgggo0000 o duly_cycle
Slngle-Steppmg if {bldc_guadl om == 1 0B84 |0 @ las_speed_count
* init_blde quadl(); FeE [a] & fis_cal
¥ o i 0
#if COMPILE_MCS == v ez |0 X
< > acEL |0 H
= PR o Q
0 S
Peripheral Registers X
A oA L i o i o= Name Value Bit field Value Bit field V3 e O A e
— . @=aMCS0_CHO_PC 0x00004DF8
B [ Proplems x El=MCS0_CHL_FC 0x00000004 MCS0_CHL_FC.3L |00 {clea_ [MCSO_CHI_FC.28 |
Ditems MCS0_CHL_FC.27 | 0x0 {clea.. MCS0_CHI_PC.25 |0x0 {clea_ MC50_CEL
251 Description MCS0_CH1_PC.23 |00 {clea. ] MCS0_CHI_PC.21 |0x0 {clea.|MCSO_CHL
l TR 11 d 515 ~ MCS0_CH1_PC.19 | 0x0 {clea. MCS0_CH1_PC.18 0x0 {clea. MCS0_CH1_PC.17 0x0 {clea. MCSO_CH1
vector catied. . | MCSO_CHL_PC.15 |00 {clea.. MCS0_CHL PC.14 |0x0 {clea. MCS0 CHL PC.13 |0x0 (clea. MCSO_CHL
MeS Interrupt output service routi MCSN CH1 PC.11 nxN Islea MCSN CHT PC.10 0xN Imlea MOS0 CH1 PC.S oxn felaa (MCSN CHT Y
@ Reached position: STEP3 hall st n < - : < - < ' s
8 Duty/period: 96/128 rpm: 848.33¢
v Messages v 1 X | Breakpoints v X
> < I Type e ~ Name Core
o 11 Rro N N
@5 Info 0 Ol breakpo icati tar_bidc_quadd {TARhj2rte  GTM
D Info pplication ‘TIC_BLDC_app_isr {Tthhj2 GTM
7 Success 16:14:07.642  GTH TUDEDebugServer GTH halted by intern tart_bide_quad0 {Thhj2rte - GTM
. R start_bide_quad1 (TAhhj2rfe  GTM
Progress | Messages |
Ready GTM | D:\.\gtm_med caside.cig [ GTM halted by user breskpoint |
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UDE® as Frontend for COSIDE®

[ Start development in pre-silicon phase (e.g. for GTM5)

[ Better project partitioning > development of pure GTM functionality
independent from host SoC

M Continued use of the same tooling when switching to real hardware

10 Debugging GTM Code
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Debug = Trace m Test (=) F-jes

Izl info@pls-mc.com

@ www.pls-mc.com
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