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AURIX Trace Overview and t&ases

1 Introduction

The appltation note provides an overview of the -@hip trace architecture and capabilities of the
Infineon AURIX micro controller family. Furthermore, this document discusses some common use
cases of the AURIX trace infrastructure in combination with the iISY®REDip AnalyzeriC500,
iC5700or iC6000

1.1  Overview of the AURIX O&hip Trace Architecture

The AURIX eohip trace architecture is based on a central trace infrastructure, which can be connected
to various orchip system resources like CPUs or buses by means of multiplexors (MUX). This trace
infrastructure is part of the scalled MultiCore Debhg System (MCDS) and is only available on special
Emulation Devices.

Figurel shows a simplified block diagram of a3X@mulation device, including MCDS-@rip trece
infrastructure.The components within the grey box are only available on Emulation devices.
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Figurel: Simplified Block Diagram of a3k@Emulation Device
The main components of the MCDS trace isifiracture are:

1 Trace Multiplexer (MUX)

1 Processor Observation Block (POB)

91 Bus Observation Block (BOB)

1 Multi-Core Cross Connect (MCX)

1 Memory Controller (DMC)

1 Emulation MemoryEMEM)

1 Debug Access Port (DABjptional DAPE onCBx on Emulation Devices

1 Optional AURORA Gigabit (AGBT) Interface
In the following chapters the individual MCDS components are describes in more detalils.
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AURIX Trace Overview and t&ases

1.2  Trace Multiplexer (MUX)

The MUX allows to connect the POBs to the various TriCore CPUs implemeniedchip. The TC2x
AURIX generation implements two POBs. However, some TC2x derivatives (TC2xxTx) include three
cores. Thus, in these cases only two out of three cores can be connected to a POB.

There are additional multiplexers attached to the Buss@tation Block (BOB) connected to the
System Resource Interconnect (SRI). These multiplexers allow to select specific SRI slaves to be

A = 4 oA ~

O2yySOGSR G2 GKS {wL .h.X So3d [a! w!a 2N aLISOAT

Within the winlDEA trace configation dialog, the Trace Multiplexgrs are represented by the
configuration section depicted iRigure20 Y Sy dzY a! y I f & k Sanivare2 i/ F KX BAAIzNSG 2 v
al/5{¢€00o®

MCDS | TriCore ¥ TriCore ¥ SRI SPB MC¥  iMET

Trigger
Trigger Position Beagin w

LI
Which SRI slave is seen by SRI1 LMU (LML SRAM, EMEM) e
Which SRI slave is seen by SRIZ CPUQ (PSPR,D5PR...) e
Which processor core is seen by POB X CPUD W
Which processor core is seen by POB Y CPU1 W

Figure2: winIDEA AnalyzeMCDS Trace Multiplexer ConfiguratiQrC2x

The Processor Observation Block X (POB X) can, for instance, be connected to either nothing, to CPUO,
CPU1 or CPU2 (segure3d).

Note: With the AURIX TC2x fayniinly the two POBs X and Y are available, whereas the AURIX family
TC3x implements three POBs X, Y and Z.

ML
Which SRI slave is seen by SRI1 LMU (LMU SRAM, EMEM) e
Which SRI slave is seen by SRIZ CPUD (PSPR,DSPR...) W

Which processor core is seen by POB X

Which processor core is seen by POB Y

Figure3: winIDEA AnalyzerPOB X Processor Selection Options X)rC2

The Bus Observation Block connected to the SRI (BOB SRI 1/2) can be hooked up to various SRI slaves,
for instance the processor local RAMs or LMU RAMK&peed).
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MLIX

Which SRI slave is seen by SRI1 LMU (LMU SR.AM, EMEM) “f\]\

CPU1 (PSPR,DSFR...)
CPU2 (PSPR,DSPR...

Which SRI slave is seen by SRIZ

Wihich i by POB X
I ProCessar core 1s seen By PMUO DFlash, BootROM, CTRL Reg

PMUD PFlash0
PMUQD PFlash1
XBar

Figured: winIDEA AnalyzerPOB SRI1 SRI Slave Selection Options (on TC277TF)

Which processor core is seen by POB Y

1.3  Processor Observation Block (POB)

Each of the POBs can be connected to one of the TriCore CPUs. The POB can mamstouctien
execution and the data transactions performed by the CPU. Thus, a POB can generate trace messages
for program flow trace and for data access trace.

In addition, a POB offers various types of hardware comparators which allow to limit/focesttrac
particular areas of interest, e.g. limit data access trace of specific data address ranges or limit program
trace to specific program code areas (e.g. functions).

The POB hardware configuration options are represented in winIDEA by a configurafiog ak
shown inFigureb.

Trigger - [Advanced Coverage Trigger] <

McDs  TriCore X TriCoreY SRI SPB MCX INET

Action (double dick to edit) Event {double dick to edit) Trigger (double dick to edit)
dcu_enable core_crevt -
e core_trigd
dtu_wdat EVT10 core_trigl
dtu_wadr EVT10 core_trig2
Otl_radr - core_rig3
tu_enable EVTO core_trig4
ptu_nesting core_trighs
ptu_sync i
otu_enable
otu_sync -
wiu_enable_0 - EVT10 diu_ea_trig_0
wiu_enable_1 - BT
wiu_enable_2 - EVT12 -
wiu_enable_3 - EVT13 -
wiu_enable_4 - EVT14 -
wiu_enable_5 - EVT15 - ptu_trig_1 ALWAYS
wiu_enable_g - ptu_trig_2 ALWAYS
wiu_enable_7 - ptu_trig_3 ALWAYS
tc_act_0 - ptu_trig_4 ALWAYS
tc_act_1 - ptu_trig_5 ALWAYS
tc_act_2 - otu_trig_0 ALWAYS
tc_act_3 - otu_trig_1 ALWAYS
tsu re' - Le W - W) JSLMLAYE,
dtu_ea_trig_0 [isystem_trace]
et S
diu_ea_trig_2 ALWAYS
diu_ea_trig_3 ALWAYS
dtu_ea_trig_4 ALWAYS
diu_ea_trig_5 ALWAYS
dtu_es_trig_& ALWAYS
diu_ea_trig_7 ALWAYS
dtu_dat_trig_0 ALWAYS
FTU_TC program trace enable dtu_dat_trig_1 ALWAYS
diu_dat_trig 2 ALWAYS
Advanced... dtu_dat_trig_3 ALWAYS
dtu_acc_wr
deu_acc_rd W
Ve Wizard... 1] Create Template... Cancel Help

Figure5: Manual Trace Configuration Dialog for a Processor Observation Block (POB X)

A manual configuration process of a POB is basically done from right to left. The right most column lists

all available trace triggers of a POB. Such triggers are generated by hardware comparators

implemented in a POB. The comparators are typicallyigoréd to generate a trigger on an address

or data match, i.e. when the CPU executes an instruction located at a specific address, when the CPU
accesses (read/write) specific memory locations or when the CPU read/writes a specific data value

to/from memory.
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A trigger can then be mapped to one or multiple events. Events can also be formeddgjcatAND
combination of multiple triggers (e.g. write access to a specific address AND write of a specific data
value).

An event can finally be connected to onenultiple actions. Such actions can for instance be the start

of program trace or the capture of an address and value of a data write access.

Figureb illustratesthis concepts based on two examples.

Example 1 (blue):

Usecase:

Program trace starts once the CPU connected to POB X executes the first instruction of the function
BswM_MainFunction.

POB X Configuration:

The trigger is generated by using an addressgarator of the POB Program Trace Unit (PTU). This
address comparator monitors the CPU Instruction Pointer (IP). As soon as the IP matches the address
value of BswM_MainFunction, the ptu_trig_0 is asserted.

The ptu_trig_0 is mapped to Event EVTO.

Event EVYO is routed to the Action ptu_enable, thus Program Trace Unit (PTU) gets enabled (generates
program trace messages) when EVTO is active.

Example 2 (red):

UseCase:

Data trace records all write access to the global variable isystem_trace, performed be the CPU
connected to POB X.

POB X Configuration:

The trigger is generated by using an address comparator of the POB Data Trace Unit (DTU). This address
comparator monibrs the addresses of data read/write transactions of the CPU connected to POB X.
When the data read/write address matches the address (range) of the global variable isystem_trace
the dtu_ea_trig_0 trigger is asserted.

The dtu_ea_trig_0 trigger is mappe&vent EVT10.

Event EVT10 is routed to the Actions dtu_wdat and dtu_wadr, thus the Data Trace Unit (DTU) of POB
X captures the data write data value (wdat) and the data write address (wadr) when EVT10 is active.

1.4  Bus Observation Block (BOB)

The MCDS implenmés two Bus Observation Blocks, BOB_SRI and BOB_SPB. The BOB_SPB is connected
to the SPB peripheral bus. The two salbcks of the BOB_SRI can be connected to two slaves of the
SRI bus.

The BOBs monitor the data transactions, performed by an bus mastrihe SRI or SPB, respectively.
Thus, a BOB can generate trace messages for data access trace.

In addition, a BOB offers various types of hardware comparators which allow to limit/focus trace to
particular areas of interest, e.g. limit data access tmaicepecific data address ranges.

The BOB hardware configuration options are represented in winIDEA by a configuration dialog as
shown inFigure6.
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Trigger - [Advanced Coverage Trigger] %

MCDS  TriCoreX TriCoreY SRI SPB MCX  INET

Action (double dick to edit)

Event {double dick to edit)

Trigger (double dick to edit)

dcu_enable EVT0 dtul ea trig 0 diul_ea_fine
L EVT1 - dtu2_ea_fine
dtul wdat EVTO EvT2 - diul ea trig 0 isystem_trace
dtul_wadr EVTOD EVT3 - diul ea_trig 1 ALWAYS
- = EVT4 - diul ea trig 2 ALWAYS

diulrade EVTS - diul ea trig 3 ALWAYS
dtu2_wdat EVT15 EVTE - dtul_dat_trig_0  ALWAYS
dtuZ_wadr EVT15 EVT7 - diul dat_trig 1 ALWAYS
oz Taat = EVTE - dtul_dat_trig_2  ALWAYS
dtu?_radr EVTS - diul dat_trig 3 ALWAYS
wiu_enable_0 EVT10 - dtul_acc_trig_0 Access
wiu_enable_1 EVT11 - dtul_scc_trig_1 Access
wiu_enable_2 EVT12 - dtul_acc_trig_2 Access
wiu_enable_3 EVT13 - diil scc drig 3 Y
wiu_enable_4 EyT1a dtu2_ea_trig_0 [isystem_trace_runnable]
wiu_enable_5 EVT15 dtu2_ea_trig_0 &dtu2_acc_trig_0 o107 P == 1 AETTAYS
wiu_enable_g dtu2_ea_trig_2 ALWAYS
wiu_enable_7 dtu2_ea_trig_3 ALWAYS
sri_act_0 diuZ_dat_trig 0 ALWAYS
sri_act_1 dtu?_dat_trig_1  ALWAYS
sri_act_2 \ |dwa dat_tig_2  ALWAYS
ari act 3 diuddattrig2 ALLAYE
sri_act_4 dtu2_acc_trig_0 Write, Master=0x2
sri_act_5 L5 P Ly 'S ATESS
sri_act_6 dtu2_acc_trig_2 Access
sri_act_7 dtu2_acc_trig_3 Access
tsu_rel deu_ei

deu_sus

deu_err

sri_trig_0

sri_trig_1

sri_trig_2
DTU_SRI1 write data trace enable sri_trig_3

. .
Ve Wizard... 1 Create Template... Cancel Help

Figure6: Manual Trace Configuration Dialog for a SRI Bus Observation Block (BOB_SRI)

A manual configuration process of a BOB is basically done from right to left. The right most column
lists all available trace trigge of a BOB. Such triggers are generated by hardware comparators
implemented in a BOB. The comparators are typically configured to generate a trigger on an address
match, e.g. when a CPU or other SRI bus masters such as a DMA controller accesses &ead/writ
specific memory locations. There are also other types of comparators available which monitor data
values of SRI bus transactions or monitor which bus master performs the bus transaction.

A trigger can then be mapped to one or multiple events. Eveatsaso be formed by and AND
combination of multiple triggers (e.g. write access to a specific address AND write of a specific bus
master).

An event can finally be connected to one or multiple actions. Such actions can for instance be the start
of data trace, i.e. capturing address and value of a data write transactions.

Figure6 illustrates this concepts based on two examples.

Example 1 (blue):

Usecase:

Data writetrace of the global variable isystem_trace (using for instrumented OS profiling). In this
example the variable isystem_trace resides in the LMU RAM, i.e. write transactions of all CPUs are
performed via the SRI bus and thus can be monitored by the BOB_SRI.

BOB_SRIonfiguration:

The trigger is generated by using an address comparator of the BOB_SRI Data Trace Unit 1 (DTU 1).
This address comparator monitors the addresses of data read/write transactions via the SRI
(performed by any SRI bus master). Whea data read/write address matches the address (range) of

the global variable isystem_trace the dtul_ea_trig_0 trigger is asserted.

The dtul_ea trig_O trigger is mapped to Event EVTO.

Event EVTO is routed to the Actions dtul_wdat and dtul_wadr, thuB#ta Trace Unit 1 (DTU 1) of
BOB_SRI captures the data write data value (wdat) and the data write address (wadr) when EVTO is
active.
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Example 2 (red):

UseCase:

Data trace records all write access to the global variable isystem_trace_runnable, pertoyraél.

In this example the variable isystem_trace runnable resides in the LMU RAM, i.e. write transactions
of all CPUs are performed via the SRI bus and thus can be monitored by the BOB_SRI.

The bus master ID of CPU1 is 0x2.

In terms of AUTOSAR prifi, this means that only Runnables executed by CPUL are profiled. The
variable isystem_trace_runnable is used for instrumented Runnable trace of all CPUs.

BOB _SR[Configuration:

Two types of triggers are used in this example.

One trigger is generated by using an address comparator of the BOB_SRI Data Trace Unit 2 (DTU 2).
This address comparator monitors the addresses of data read/write transactions via the SRI
(performed by anysRI bus master). When the data read/write address matches the address (range) of
the global variable isystem_trace_runnable the dtu2_ea_trig_0 trigger is asserted.

The second trigger is generated by using a special comparator type which can monitor Rihiozis S
YFadSNI LISNF2N¥ya GKS {wL o6dza GN}XyalOdGAz2zy ol a2 Ol
SRI bus transactions is performed by the bus master with ID=0x2 (i.e. CPU1) the dtu2_acc_trig_0 trigger
is asserted.

Both triggers, dtu2_ea_trig 0 ardiu2_acc_trig0 are mapped to Event EVT15. The Event is asserted
only in case both triggers are active, i.e. they form an AND combination. Thus, EVT15 is only asserted
when CPU1 performs the data transaction to isystem_trace_runnable.

Event EVT15 is routed the Actions dtu2_wdat and dtu2_wadr, thus the Data Trace Unit 2 (DTU 2) of
POB_SRI captures the data write data value (wdat) and the data write address (wadr) when EVT15 is
active.

1.5  Multi-Core Cross Connect (MCX)

The functionality of the MCX can be dieidl into three categories:
1. Time Starp Message Generation
2. Message Storage Control
3. Event Counters
4. Trigger Feedback to Observation Blocks (IBOB)

1.5.1 Time StampgVlessage Generation

In order to understand the time stamping concepts of the MCDS it is essentiatiezstand that the

trace messages delivered by the POBs and BOBs do not contain any timing information, i.e. there is no
such thing as a time stamp within in each trace message.

Timing information is added by the MCX by adding dedicated time stamp gesssa

Another important aspect is, that the whole message storage and time stamping approach is based on
the underlying concept that trace data can be storedobip (in the Emulation Memory, EMEM) and

read out by a trace tool at some later stage.

There are several time stamping concepavailable, but typically either one of the following two
concepts is used.
For both concepts the time stamps are derived from the counter structure depictegjime?.
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Al 25 PRliod 15U TC TRIG
Reference Clock (TSUPRSCL)
(typ. Main PLL Clock / 24) Ref. Clock Counter | Timestam
) u — p32—bit ABS Timestamj
(TSUREFCNT) (TSU_ABS)
MCDS Clock — 32-bit Emulation Counter
(typ. CPU Clock/ 2) (TSUEMUCNT)
31 7 0

—» 8-bit TICK Timestamp

| | —® 32-bit REL Timestamp
(TSU_REL)

Figure7: Time Stamp Counter Structure of the MCX

Time Stamping Concept-ITicks:

The basic idea behind tick time stamps is an incremental timing informbétmeen two subsequent

trace messageby meansofan®8 A i 6 A Réssaget A @¢ &4 O1 ¢ YS&aal3aS NBLINBaASY
cycle. When two subsequence trace message are, for instance, generated four MCDS clock cycles apart
FNRY SI OK 2 i K SeNEen théss tracednedsagis filledwityi acfour Tické Y Saal 3Sao
LT dKSasS Aa y2 ySg (GNrXrOS YSaal3dS F2N) upp al/ 5{ Of
generatedWhen a trace toolseads out the orchip trace buffer, it can incrementally derive the exact

relative time for each trace message by adding the number of MCDS clock cycles between the trace
YSaalr3dSa a4 RSTFAYSR o6& GKS ydzYoSNI 2F a¢A01é¢ YSaa
G¢AO1¢ ol aSR énables diaitheYHaidware, )MCHBSSand MCX configuration dialogs as

shown inFigure8.

Hardware Manual Trigger/recorder configuratiopConfigureX - MCX
Property Value MCDS  TriCore ¥ TriCoreY SRI
= Recorder } _ !
Start Trigger Immediately Action (double dick to edit)

Recording Size Limit 1GB tsu_rel_en
) . ) tsu_rel_sync
| : | tsu_sbs_en
T_imer Inter!:olatlon _ ] [, tsu:abs:syn-:
(aenerate time synchronization messages | | wiu enable 0
Upload while sampling O 3 |whi_enable_1
wtu_enable_2

wM_enabIeZS
wtu_enable_4

wtu_enable_5

wtu_enable_6

wiu_enable_7

=
s |
el
=

Manual Trigger/recorder configuratianConfigureX - MCDS

Time stamps WIL_ent_

Assume source to be wiu_mnt_3
k‘ wiu_ont_4

¢ wiu_cnt_5

TSUPRSCL [T Jmex wh_ent._5

Reference dock Main PLL ~ whu_ant_8

ik encble —arwavs T
Figure8: Hardware, MCDS arad/ - / 2y FA3dzN> A2y S5AFf23a SylFoftAy3da acio]

CKA&E GCAO1Eé oFaSR GAYS &aGFYLAY3 Aa GKS YvYzad OO
which is typically CPU clock divided by 2), but may consume more trace buffer compared to the
TSU_REL based concept described below.

The resolution of a Tick cannot be configured, i.e. it is fixed to one MCDS clock cycle.
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The Tick time stamp based trace timing reconstruction concept is also depidtagline9.

Trace & Time Stamp Messages received over Time

if >

6 x Tick = 6 x MCDS Clock F 3 x Tick = 3x MCDS Clock

0 T U

>

) . tim
Recontructed Time of Trace Messages (in Trace Analyzer)

q .di. (—)e()e(-)a(-)e I‘.= 4 4 I“%
A ,‘_— 4 v e /a 4 3 ‘.’ A 3 e *-

"
@ Tick Time Stamp Message m Program/Data Trace Message
. EMEM

Figure9: Trace Timing Reconstruction using Tick Time Stamps (no Timer Interpolation)

Note: Tick based time stamping does not suppartime @rrelation (synchronization) of the AURIX
trace to other trace sources, such as another processor or an iC5760nAdubdule (CAN/LIN or

ADIO).
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Time Stamping Concept-ZISU_REL:

When using TSU_REL based time stamping, fdllit3@me stamps (contents of the TSUEMUCNT
counter) are inserted into the trace stream/storage upon specific triggers. Such triggers can either be
a periodic expiration of the TSUPRSCL prescaler (TSU_T®rTdié) triggers generated by a POB

or BOB and forwarded to the MCX.

Thereare two typical usecases.

Usecase 1: Periodic TSU_REL generation

In this case the precaler TSUPRSCL is used to generate a period TSU_TC_TRIG trigger. This trigger can
be mapped to a MCX event and the event finally causes the action of generating a TSU_REL message
(Relative Time Stamp Sync message). All trace massdmes occur in between two consecutive
TSU_REL messages are interpolated (equally distributed) between the TSU_REL messages by the trace
tool. Therefore, the trace timing accuracy depends on the TSU_TC_TRIG frequency. The higher the
frequency the higher tl timing accuracy. The highest accuracy is achieved by setting the TSUPRSCL
pre-scaler value to 1.

If the TSUPRSCL value is 1 and CPU clock (also Main PLL clock) is for instance 200MHz, this means that
a TSU_REL time stamp message is generated after 24@ng. For a TSUPRSCL value of 4, this would
mean a TSU_REL message every 600ns.

Figurel0show the corresponding MCDS and MCX configuration dialog settings for thiasgse

Hardware Manual Trigger/recorder configuratiopConfigureX - MCX
Property Value MCDS  TriCore X TriCore¥ SRI SPB MCX  iNET
= SREC:DI'dEr ™ | it Artion (douhle dick to sdit) Event (double dick to edit)

ST rager immeclatel N

Recording Size Limit 1GE tsu_rel_sync ~EVTS EVTL -

i ition Begin e =) = EVT2 -

e A o3 -

G - hronizat wiu_enable_0 - EVT4 -

enerate time synchronization messages wiu_enable_1 _ EVTS -

Upload while sampling O wiu_enable_2 - EVie -
wiu_enable_3 - R
wiu_enable_4 - EVT8 tsu_tc_trig
wiu_enable_5 - TEV =
wiu_enable_g - EVT10 -
wiu_enable_7 - EVT11 -
wiu_ent_0 - EVT1Z -

] ] ] ] wiu_ent_1 EVT13 -
Manual Trigger/recorder configurationConfigureX - MCDS whu_cnt 2 - EVT14 -
wiu_ont_3 - EVT15 -
Time stamps wiu_ont_4 - EVT16 -
wiu_ont_5 - EVT17 -
Assume source to be | tsu_rel w whu_ont_6 - EVT18 -
wiu_ont_7 - EVT19 -
) wiu_nt_8 - EVT20 -
TSUPRSCL HF-“ whi_cnt 9 - EVT21 -
wiu_ant_10 - EVT2Z -
Reference dock Main PLL w wiu_ont_11 - EVT23 -
wiu_cnt_12 -
Mote: configure cyde duration in wiu_cnt_13
Hardware/CPU Setup/Debugging wiu_cnt_14
wiu_cnt_15
tick_enable
trace_done -
FigureloY | F NRgI N8 a/5{ FyR a/ - /2yFA3IdNI A2y 5Alt23a Sy

The periodic TSU_REL time stamp based trace timing reconstruction concept is also depigiaein
11
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Trace & Time Stamp Messages received over Time

TSUPRSCL TSUPRSCL

Timer Interpolation ¢of Trace Mgssages between
TSU_REL Time Stamp|Messges

f i |01ﬂi|2
9 3

—> °7 s
Recontructed Time of Trace Messages (in Trace Analyzer) M€ EMEM

ey
‘07 (5:3 TSU_REL Time Stamp Message Program/Data Trace Message
6

Figurell: Trace Timing Reconstruction using TSU_REL Stamps and Timer Interpolation

Usecase 2: TSWREL generation upon specific triggers
This kind of time stamp generation is not recommended.

1.5.2 Message Storage Control (in EMEM)

Trace data can either be stored in thecalled Emulation Memory (EMEM) or it is streamed out via
the AGBTinterface.
The structure of the EMEM (for a TC2x emulation device) is depictadurel?2.

MCDS
SRI (CPU) (Trace) JTAG/DAP
MCDS BBB
Interface Interface

| | ! £ . |
Extended Calibration | Trace/Calibration Memory (TCM) Extended Trace
Memory (XCM) Memory (XTM)

XCM

TCM Tile O
TCM Tile 1
TCM Tile 2
TCM Tile 15

AGBT
Interface

AGBT
Figurel2: Simplified Structure of the Emulation Memory (EMEM) of TC2x
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The EMEM consists of three parts, the Extended Calibration Memory (XCM), the Trace/Calibration
Memory (XCM) and the Extended Trace Memory (XTM).

The XCM is used lilge calibration software of the application (i.e. CPU). It cannot be used for trace
(MCDS).

The TCM can either be used by the software (CPU) or be the MCDS. The TCM is separated into so called
tiles. These tiles can be assigned to either trace or caithralll the tiles assigned to trace form the

on-chip trace buffer. The MCX manages how the trace data is written into the TCM trace buffer. The
A02NFX3S 2LISNI A2y Ay (GKS 0dzZFFSNI Aa &NADGAISING & KLUIGN
andthedt 2¢ANIAR 33 SNJ t Kl aS¢ @

PreTrigger Phase:
The storage always starts in PFagger phase. In this phase, the MCX uses adefared portion of
the available trace buffer (i.e. tiles assigned to trace) as a circular buffer. The size of this ciféedar bu
is defined by the Trigger Position. It can either be:
- Begin => No circular buffer available in PFegger phase.
- Center=> Half of the trace buffer is used as circular buffer available KT Rgger phase.
- End =>The entire trace buffer is used acalar buffer available in Pf&€rigger phase.

Upon the occurrence of a useefined Trigger Event, the storage operation switches into the-Post
Trigger phase. This Trigger Event is either generated by the MCX itself or can originate from a Trigger
EventAction generated by a POB or BOB.
Typical Trigger Events are:
- A CPU executes an instruction at a specific address location, such as an entry into a function.
- A CPU performs a memory write access to a specific memory address location using a specific
datavalue. Such an event could for instance be generated by the OS signaling that a specific
OS task is running.

PostTrigger Phase:

In this phase the remaining portion of the trace buffer is filled with trace messages which are generated
after the occurrene of the Trigger Event (trace_donénce the allocated trace buffer is full, trace is
automatically stopped (the CPU operation is not influenced).

The concept is also depictedhigurel3.

- -
TRIQGER 5 - A
Position % 8 5
Options ‘ ‘
g 7 g 93| 3
=R e EE|IE
PRE/POST
Allocation for
Trigger = Center PRETRIGGER POSITRIGGER

Figurel3: EMEM TCM Trigger Concept

Figureld shows the EMEM TCM Trigger Position configuration dialog in the MCDS tab.
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Trigger - [Advanced Coverage Trigger]

MCDS  TriCore ¥ TriCoreY SRI

SPE

Trigger

Trigger Position

MLIX

Which SRT slave iz spen b

iMET

L1 ML SRAM. FME
Figurel4: EMEM TCM Trigger Position Dialog

Figurel5showsthe EMEM TCM Trigger Event configuration dialog in the MCX tab.

Trigger - [Advanced Coverage Trigger]

MCDS  TriCore X TriCore Y SRI SPB MCX

Action {double dick to edit)

Event (double dick to edit)

Advanced...

tsu_rel_en ALWAYS
tsu_rel_sync ~EVTS BVvT1 -
tsu_absz_en - EVTZ -
tsu_abs_sync - EVT3 -
wiu_enable_0 - EVvT4 -
wiu_enable_1 - EVTS -
wiu_enable_2 - EVvTe -
wiu_enable_3 - BVT? -
wiu_enable_4 - EVT8 tsu_tc_trig
wiu_enable_5 - EVTS -
wiu_enable_& - EVT10 -
wiu_enable_7 - EVT11 -
whi_ent_0 - EVT12 -
wiu_ont_1 - EVT13 -
why_cnt_2 - EVT14 -
whu_cnt_3 - EVT15 -
wiu_cnt_4 - EVTi5 -
whu_ant_5 - EVT17 -
whu_ant_6 - EVT1S -
wiu_cnt_7 - EVT19 -
wiu_mt_38 - EVT20 -
whu_cnt_9 - EVT21 -
whu_ent_10 - EVT22 -
wiu_cnt_11 - EVT23 -
wiu_cnt_12 -

wiu_cnt_13 -

whu_cnt_14 -

whu_ont_15 -

tick_enable -

trace_done ~EVTO k‘

break_out -

nnnnnnn At

Switch DMC from Pre to Post-Trigger

Figurel5: Sample trace_done Trigger Event Configuration (switch fromt®fostTrigger mode upon
occurrence of MCX EVTO, imported from POB X).

1.5.3 Event Countes

The MCX implements a set of event counters. These counters can be incremented, decremented and
SpSyitazx
a0 OKS KAUGE

cleared upor y LJdzi
SESOdzi SR¢ X

asStSOirotS FTNRY

|.
2 NJ S @8 guihdas ROB4 . BOBS R

L2 2 t

27
g2

The event counter can either be used a trigger course of MCX events or may be may be output via the

Watchpoint Trace Unit (WTU).
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AURIX Trace Overview and t&ases

1.5.4  Trigger Feedback to Observation Blocks

Events of the MCX may be exported and routed to observatioockb such as POBs or BOBs, where
they can be used as triggers.

For example, program trace of a POBs could be enabled when an event counter of the MCX exceeds a
certain threshold.

1.6  Emulation Memory

The structure of the Emulation Memory (EMEM) is showrigurel2.
The TCM tiles can be used for the following trace cesses:

1.6.1 Trace into EMEM until fullReadout via DAP or JTAG Interface
ThisuseDl &S A& o6l aAl0lffe RSAONAROSR Ay aaSaal3asS {aG2N.

162 ¢NJ} OS {dNBIFIYAYy3 @GAl 5!t LYGSNFIOS dzaAy3d 9a9a
{FYLX Ay3£0

In this casethe availableEMEM tiles ;8 managed by the iSYSTEM tool in a Wt allows a

permanent streaming of trace data. This®d f f SR & ! LX 2 I RUWSBXnAde Sllows la Y LI A y 3
virtually unlimited trace recording, assuming that the trace data generation rate (be the MCDS) is less

or equal the data throughput via the DAP interface.

UWS is operational with a minimum of 2 EMEM tiles. However, it is recommended to allocate a
minimum of 3 EMEM tiles to trace when usitfyv's.

1.6.3  Trace Streaming via AGB¥ing a EMEM Tile as FIFO

In this cae a TCM tile is used as a FIFO within the AGBT trace data path. Please note, the only on a few
AURIX derivatives TCM tiles aredias AGBT FIFO. Typically, the AGB3thiséwo XTM files as FIFO.

1.7  Debug Access Port (DAP)

The DAP is an Infineon propriegainterface. It can be used as either gi2 (DAPO, DAP1) orfn
(DAPO, DAP1, DAP2)diiectional interface to communicate debug and trace information between
the AURIX device and the tool. The DAP pins are multiplexed with the standard JTAG pires and
available on every AURIX device (also Production Devices).

Emulation devices of the TC3x family also offer a second DAP interface;dhkesbDAPE.

The DAP interface can operate at clock frequencies of up to 160MHz. The maximum applicable
frequencydepends on the hardware setup, i.e. target board layout (e.g. distance between device and
DAP connected on the ECU).

The iISYSTEM iC5700 allows to either access the DAP interface directly via a DAP cable adaptor or via a
dedicated AURIX DAP ActRmbe.
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¢KS 2LISNIiA2y Y2RS FyR Of201 FNBIljdsSyoOe ¢cCRUYy oS

CPU Setup *
CPU1 CPUZ CPU3 CPU4 PLIS H5M
Reset Debugging Analyzer Aurora SoC Advanced SoC Events CPUQO
Qverride startup register values H5M
Oec 0 HEX [JEnabled

Debug channel

Mode |DAP Wide | clock | 10000 |kHz

DAP Standard

BREIM drive HIGH

[“IDAPE |DAP Wide w | Clock | 120000 |kHz

FLASH
[ allow FLASH modification only during download

[ allow UCE data flash programming (not recommended)
Warning: Wraong UCE data can lock the device permanentiy!
[] allow Mass erase (MOT Recommended!)
Warning: Mass erase can lock the device permanently!

Trace Buffer
Region TCM hd
Use all available memory for trace buffer

First tile E Mumber of tiles

[Juse Password
00000000 HE%

00000000 HEX

, _DK Cancel Hel
h LJG A 2{y=2a/. _ _

O

FigurelsY 5!t [/ 2y FTA3IdzNI GA2Yy hLIA2yc 2Ny GKS 6AyL59! GS5Alf 23

1.8 AURORA Gigdtt(AGBT) Interface

The AGBT interface is a vdrnigh bandwidth trace streaming interface. It gsi#ifferential signaling in

order to achieve transfer bit rates of several Gbit/s (Gbps). On AURIX devices the AGBT bandwidth is
typically 2.5 Gbps. This makes the AGBT interface suitable to perform unconditional program trace and
OS trace on multiple CPUs simultaneously.

However, as the terface runs at frequencies in the GHz range, filgquency design rules need to

be applied when using the AGBT interface on the target hardware.

The AURIX AGBT interface complies wlih AURORA trace interface specification of the NEXUS
5001™ Forum Sandard bttp://nexus5001.org)

¢KS 2LISNIiA2y Y2RS FyR Of 201 FNBIljdsSSyoOe ¢cCRUYy oS
h LJG A 21ydEN@ NI ¢ @
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AURIX Trace Overview and LEases

CPU Setup *
CPU1 CPU2 CPU3 CPU4 CPUS HSM
Reset Debugging Analyzer SoC Advanced SoC SoC Events CPUD
Mumber of lanes 1

Baudrate 1.25 Gbps k
1.25 Gbps
ClGenerate dock [2.5Gbos |

Figurel7: AURORA AGBT Configuration Options inthe wi® ! 5 A | £ 2@ daNBR NJ & S G dzLJ
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1.9 Usage of Initialization (.INI) Files

The Initialization file (.INI) is used to configure the followingbip features:
9 Multi-Core Synchronization
9 Peripheral Freeze
1 AGBT Trigger Output

iISYSTEM provides a INI file for each AURIX family, which covers the typezslasséHowever, a user
may need to modify the INI file according to the particular-oase.

Listingl shows a typical INI file.

01 //TL1: For peripheral Suspend control
02 //TL2: for CPU HALT indication

04 // MULTI CORE SYNCHRONIZATION
05 // break_out outputs from all cores are connected to TL1

06 // capture and hold on TL1 is enabled

07 // all cores are suspend targets

08 A CBS_TLCHE L 0x00000002 /I TL1 capture and hold enabled
09 ACBS_TL1ST L 0x30000007 /I all CPUs are suspended target
10 /I DMA is suspend target

11 /I HSSL is suspend target

12

13 ACBS_TRCO L 0x00000102 /I BT1 - CPUO is trigger source
14 /I HALT connected to TL2

15 //ACBS_TRC1 L 0x00000100 // BT1 - CPUL is trigger source
16 //ACBS_TRC2 L 0x0000010 o/ BT1 - CPU2 s trigger source
17 ACBS_TLC L 0x00000030 /I TL1 forced to active

18 ACBS_TLC L 0x00000000 /I TL1 force removed

19

20 /I TRACE TRIGGER OUTPUT
21 /I MCDS trig_out_0 is connected to TL4

22 /I output is stretched to min 4PB s clocks

23 /I TL4 line is connected to output port 4 (P32.6)

24 A CBS_TOPR L 0x00040000 /I TL4 connected to trig out pin 4

25 /I (port P32.6)

26 A CBS_TRMT L 0x00000004 /I MCDS trigger out O connected to TL4
27 A CBS_TOPPS L 0x00000200 /I trigger output pulse stretched to 4PBs
28 A P32_PDRO L 0x30333333 /I port P32.6 - speed grade 4 (max)
29

30 /I DISABLE TRACE TIME WHEN CPU IS STOPPED
31 // Master CPU (CPUO) connects HALT output to TL2
32 /I MCDS break_in connection

33 ACBS _TRMC L 0x00200000 /[ MCDS Break in is connected to TL2
34

35 /| —mmmememmeeeeees

36 //STM suspend control

37 ASTMO_OCS L 0x12000000

38 ASTM1_OCS L 0x12000000

39 ASTM2_OCS L 0x12000000

40 /| - --m-memmmmemmeee-

41 é

Listingl: Sample AURIX Initialization (INI) File
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2 Trace Use&Cases

This section discusses some common-CBses.

Usecases:
1 Multi-Core OS ProfilingarDAP
1 Multi-Core OS anduRction Profiling via GBT
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2.1  Multi-Core OS Profiling via DAP

This section demonstrates the profiling of an AUTOSAR OS using all three cores of a TC27x device. The
objective is to perform a timing analysis of the running tasks and running ISR2s of all three cores. The
tasks andSR2 shall be displayed in the same winIDEA Analyzer window. The trace recording should
last severalseconds and shall be performed via the DAP interface of the AURIX device.

2.1.1  What needsto be traced?

The Information Section of the corresponding ORTI file reveals that the OS data object
hayg/ FAPENF OSyha/ 2NBY/ 2NB:- y58y A& dzASR F2N Nizyy
04/ dZNNBYyGLANELVD (NI OSo

/ * * *% * * *% kkkkkkkkkkkkkkk

* Information Section

* * *% *% * * *% *% /

OS TC27x{
vs_SMP_NUMCPU ="3"
/* OS information for AUTOSAR core OsCore_Core0 */
vs_COREID[0] ="OsCfg_Core_0OsCore_Core0.Core.Id";
RUNNINGTASK]0] = "OsCfg_Trace_OsCore_Core0_Dyn.CurrentTask";
RUNNINGISR2[0] = "OsCfg_Trace_OsCore_Core0_Dyn.Currentlsr";

/* OS information for AUTOSAR core OsCore_Corel */

vs_COREID[1] = "OsCfg_Core_OsCore_Corel.Core.ld";
RUNNINGTASK]J1] ="OsCfg_ Trace_OsCore_Corel Dyn.CurrentTask";
RUNNINGISR2[1] = "OsCfg_Trace_OsCore_Corel_Dyn.Currentlsr";

/* OS information for AUTOSAR core OsCore_Core2 */

vs_COREID[2] ="OsCfg_Core_OsCore_Core2.Core.ld";

RUNNINGTASK]2] = "OsCfg_Trace_OsCore_Core2_Dyn.Cu rrentTask";
RUNNINGISR2[2] = "OsCfg_Trace_OsCore_Core2_Dyn.Currentlsr";

% - O0S */
Listing2: SampleORTI File of the AUTOSAR Demo Application

Displaying the Os_Cfg_Trace OsCore_CoreXoljgats in the winIDEA Watch window (sEigure
18) reveals that all of them are located in the local memory of CPU 2 (please refer to the memory map
description of the Ifineon AURIX user manual).

Watch 1
|0 e FE v
Mame Value Tvpe Address
M CurrentTask Prr (0x8000'2F18) = Os_TraceThreadConfigType * (Virtual) S000"AFAC
[F CurrentIsr Prr (0x0000'0000) = Os_TraceThreadConfigType * (Virtual) 5000"'AFBO
OrtiCurrentServiceld ' (OxTO) unsigned char (Virtual) 5000 "'AFB4
B 0sCfg Trace OsCore_Corel Dyn (Ptr (OxB000"2F24) Os_TraceCoreType (Virtual) S000"AFEQ
[H CurrentTask Ptr (0x8000'2F24) = 0s_TraceThreadConfigType * (Virtual) S000'AFEQ
[H CurrentIsr Ptr (0x0000'0000) = Os_TraceThreadConfigType * (Virtual) 5S000'AFE4
OrciCurrentServiceld YW®E9 [(0xET) unsigned char (Virtual) S000"'AFES
B 0sCfg Trace OsCore_ CoreZ Dyn (PLr (Ox8000'2F30) 0s_TraceCorelype (Virtual) S000'B0O1O
[F CurrentTask Prr (Ox8000'2F30) = 0s_TraceThreadConfigType * (Virtual) S000'B0O1O
M CurrentIsx Prr (0x0000'0000) = Os_TraceThreadConfigType * (Virtual) S000'BO14

OrciCurrentServiceld WHES (OxET) unsigned char (Virtual) 5000'BO1S8

Figurel8: winIDEA Watch Window with OS Data Objects used for Tracing RunningTask and RunningISR2

This means that only CPU2 has local access to these objects. The other cores (CPUO and CPU1) need to
access their associated OS data object via the SRI. These access paths are relevant for determining
which onchip trace concept is most suitable for this setup.
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As CPU2 accesses its OS object locally, only a POB connected to CPU2 can monitor these data
transactions. The data transactions to the OS objects of all other CPUs can be monitored by a BOB_SRI
connected to the SRI slave interface of DSPR of CPU2 (see the corresponding BOB_SRI MUX
configuration inFigure25).

Figure 19 depicts the AURIX internal data transaction paths of the individual CPUs to the OS data
objects located in DSPR2 (rell)is also shows where the POB and BOB needs to be connected (via
MUX) in order to monitor (i.e. trace) these transactions.

DSPRO| CPUO DSPR1| CPU1

( il il >

SRI
[ e 1l
BOB Program LMU
Data RAM
DSPR2 FLASH
OS Data CPU2
Objects
POB

Figurel9: AURIXnternal Data Access Pathsttte OS Data Objects and POB/BOB Observability

Please note, the memory allocation and the corresponding MCDS trace setup described above
applies to this particular sample project. The relevant OS data objects in your AUTOSAR project may
be located in diferent memory locations, such as LMU or DSPR of CPUO.
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2.1.2  winIDEA Configuration

DAP Active Probe Detection
After the communication to the iC570 has been established, it is recommended to perform a detection
of the connected Active Probe. This can be donelivie S Y Sy dz & Entulsti@rs OphtBs,

t NEoSeéd {StSOG ! OGABS tNroS yR GKSy Of A01
In the Active Probe detection shownfigure20x G KS ! OGA GBS t NB6S Kl a o

Emulation Options *

Probe  Hardware ©CPU

oM
@ ActiveProbe | DAP_SLV || Refresh L\l

Figure20: iC5700 Active Probe Detection.

DAP Width & Frequency Configuration

As the DAP interface is not only used for debug control communicatibalgoi for the transport of

trace data (UploadWhile-Sampling), it is essential to set the DAP to maximum performance, i.e. if
LaaArotsS dzasS a5!t 2ARSé Y2RS IyR LILX & YlFEAYdzy L
The maximum supported DAP clock frequency supported by both the AURIX device and also the DAP
Active Probe is 160MHz. However, the individual target board layout may not allow a DAP operation

at 160MHz. Thus, the maximum applicable DAP clock be evaluati@dlually on each target setup.

In addition, for maximum Uploa@/hile-Sampling performance, a minimum of 3 TCM tiles should be
available as Trace Buffer.

CPU Setup X
CPU1 CPU2 HSM
Reset Debugging Analyzer Aurora SoC Advanced 50C SoC Events CPUD

Debug channel

Mode DAP Wide w | Clode | 130000 [kHz

BRKIN drive | HIGH

[ Quick LEIST detection

[JHsM Enabled
[JFlush trace when AGET is stopped

Trace Buffer

Region TCM e
Use all available memory for trace buffer

First tile E Mumber of tiles

Figure21: DAP Interface Configuration

Trace PoriSelection

If the DAP interfacesiused for debug and trace data transfer, the trace data is still buffered in the on
OKALI 4N} OS 0dzZFFSNE APSP 9a9ad ¢ KINBTIEERAIKSE 10\8)
The Cycle duration does not represéim CPU clock cycle duration, but the MCDS clock cycle duration

(The MCSD clock is typicaither equal othalf the CPU clock
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CPU Setup *

CPU1 CPU2 H3M
Reset Debugging Analyzer Aurora SoC Advanced SoC SoC Events CPUD

Operationmode |0

[l Code missing from download file should be read at run-time

SoC Initialization
Before start Default ...

Figure22: Trace Port Selectiofor Trace via DAP (GZhip)

2.1.3 winIlDEATraceAnalyzerConfiguratian
It is recommended to create a new trace configuration for each tracecase.
CAISYSTEM_SAMPLES_SVN\Infineon\TriCore\T(

A -b > B |HEEEE

Default

| U Create New Configuration... |

Vs FijitAnaIyzer Configuration Lis’cl‘l..W
Figure23: Creating a new winIDEA Analyzer Trace Configuration

A trace configuration for OS task and IpR#iling of three cors, could, for instance, look like depicted
in Figure24. The configuration should have a descriptive name, enabtefller Analysis and enabled
Manual Hardware Trigger Configuration.

Mew Configuration =

Mame
| O5_Tasks_ISR2_TripleCore]

Analysis
Profiler
|:| Coverage

Trace - Always Performed

Hardware Trigger Configuration

() Automatic () wizard
() Program flow + Instrumentation () Template
(®) Manual

Initial hardware trigger configuration is empty and user
has to configure it. Wizard assistance is provided for
typical use cases.

Corca

Figure24: Sample new Trace Configuration
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Figure25 shows the MCDS configuration corresponding to the POB/BOB connectivity described in

Figurelo.

Trigger - [Advanced Coverage Trigger]

MCDS  TriCore X TriCoreY SRI 5PB MCX  iNET

Trigger
Trigger Position End e
MUK
Which 5RI slave is seen by SRI1 CPU2 (PSPR,DSPR...) e
Which SRI slave is seen by SRIZ CPU2 (PSPR,DSPR...) ~
Which processor core is seenby POE X |CPU2 w
Which processor core is seenby POBY | Nothing ~
Time stamps
Assume source to be | tick ~
N
Reference dock Main PLL w

Mote: configure cyde duration in
Hardware/CPU Setup/Debugging

Options
) Mote: enabling this option, will disable the
[ Enable trace during CPU reset trigger (MCX/trace_done is set to NEVER)

. Mote: enabling this option, will disable UWS
[ continuous mode and force MCX ftrace_done to NEVER

Figure25: POB/BOB MUX and Timestamping Configuration

Trigger:
CKS G¢NAIISNIt2arAdAz2ye aSiadAy3a Aa vRilaSamBiigS ol yi A
MUX:
The BOB_SRI and POB X and Y MUXes are set in the following way:
T BOB_SRmY /[t | H 0,tefconnetted 5o fhe SRXioterface of the CPU2 local memory.
1 BOB_SRI2:t | H 061t { t,iveXondeget to Ka)SRI interface of the CPU2 local memory.
1 POB X: CPU2, i.e. conreztto CPU2
Time stamps:
TICK time stampingiizd SR o0 da! dadzyYS a42dzNOS G2 06S GAO1é0v®
Ly GKAa OFasSz (GKS @FrftdzS SyYyiSNBR F2NI ¢{!tw{/[ IYR
Options:
No additional options need to be enabled.
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Figure26 shows the required POB X configuration (POB X is connected to CPU2).

Trigger - [Advanced Coverage Trigger] %

McDs  TriCore X TriCoreY SRI SPB MCX  iNET

Action (double dick to edit) Event (double dick to edit) Trigger (double dick to edit)
deu_enable E ~
deu_sync - EVT1 - core_trigd
dtu_wdat EVT11 | EVT10 EVT2 - core_trigl
dtu_wadr EVT11 | EVT10 EVT3 - core_trig2
dtu_radr - EVvT4 - core_trig3
ptu_enable - EVTS - core_trig4
ptu_nesting - EVTe - core_trig5
ptu_sync - EVT7 - core_trigs
otu_enable - EVTE - core_trig7
otu_sync - EVTS - core_trlevt
wtu_enable_0 - EVT10 dtu_ea_trig_2 core_trievt
wiu_enable_1 - EVT1l dtu_ea_trig_3 core_exevt
wiu_enable_2 - EVT12 - core_swevt
wiu_enable_3 - EVT13 - core_ea_fine
wiu_enable_4 - EVT14 - ptu_trig_0 ALWAYS
wiu_enable_5 - EVT15 - ptu_trig_1 ALWAYS
wiu_enable_a& - ptu_trig_2 ALWAYS
wiu_enable_7 - ptu_trig_3 ALWAYS
tc_act_0 - ptu_trig_4 ALWAYS
tc_act_1 - ptu_trig_5 ALWAYS
tc_act_2 - otu_trig_0 ALWAYS
tc_act_3 - otu_trig_1 ALWAYS
tsu_rel - otu_trig_2 ALWAYS
dtu_ea_trig_0 ALWAYS
dtu_ea_trig_1 ALWAYS
dtu_ea_trig_2 [(OsCfg_Trace_OsCore_Core2_Dyn).Curre
dtu_ea_trig_3 [(OsCfg_Trace_OsCore_Core2_Dyn).Curre
dtu_ea_trig_4 ALWAYS
dtu_ea_trig_5 ALWAYS
dtu_ea_trig_6 ALWAYS
dtu_ea_trig_7 ALWAYS
dtu_dat_trig_0 ALWAYS
DCU_TC status trace enable dtu_dat_trig_1 ALWAYS
dtu_dat_trig_2  ALWAYS
Advanced... dtu_dat_trig_3 ALWAYS
dtu_acc_wr
deu_acc_rd Y]
. o
rd Wizard... 1| Create Template... Cancel Help

Figure26: POB_X Configuration tcace Data Write Access of Core 2 to the OS Objects of Core 2

Trigger:

1 Two magnitudecomparators (address comparators) generate a trigger when CPU2 accesses
the Running Task and Running ISR2 signaling variables of the OS.

Configuration of dtu_ea_trig_2 (Running Task):
Trigger x

% | re_CoreZ_Dyn).CurrentTask| Cancel

Entire Object

Configuration of dtu_ea_trig_2 (Running ISR2):
Trigger X

X |:ore_CoreZ_D\,rn).CurrentIer| Cancel

Entire Object

Events:
1 Trigger du_ea_trig_2 is mapped to EVT10.
9 Trigger dtu_ea trig_3 is mapped to EVT11.

Actions:
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1 EVTI10 or EVT11 both cause capturing the Write Access Data (dcu_wdat) and Write Access
Address (dcu_waddr).

Figure27 shows the required POB Y configuration (POB Y is not connected to any CPU).

Trigger - [Advanced Coverage Trigger] *
MCDS  Tricore ¥ TriCore ¥ sSRI SPB MCX iNET

Action (double dick to edit) Event (double dick to edit) Trigger {double dick to edit)

deu enable = ~

deu_sync - EVT1 - core_trigd

dtu_wdat - EVT2 - core_trigl

dtu_wadr - EVT3 - core_trig2

dtu_radr - EVT4 - core_trig3

ptu_enable - EVT5 - core_trig4

ptu_nesting - EVTe - core_rig5

ptu_sync - EVT7 - core_righ

otu_enable - EVTE - core_trig7

otu_sync - EVTS - core_trlevt

wiu_enable_0 - EVT10 - core_trievt

wiu_enable_1 - EVT11 - core_exevt

wiu_enable_2 - EVTi2 - core_swevt

wiu_enable_3 - EVT13 - core_ea_fine

whu_enable_4 - EVT14 - ptu_trig_0 ALWAYS

wiu_enable_5 - EVT15 - phu_trig_1 ALWAYS

wiu_enable_6 - ptu_trig_2 ALWAYS

wiu_enable_7 - ptu_trig_3 ALWAYS

tc_act_0 - ptu_trig_4 ALWAYS

tc_act_1 - ptu_trig_5 ALWAYS

tc_act_2 - otu_trig_0 ALWAYS

tc_act_3 - otu_trig_1 ALWAYS

tsu_rel - otu_trig_2 ALWAYS
dtu_ea_trig_0 ALWAYS
dtu_ea_trig_1 ALWAYS
dtu_ea_trig_2 ALWAYS
dtu_ea_trig_3 ALWAYS
dtu_ea_trig_4 ALWAYS
dtu_ea_trig_5 ALWAYS
dtu_ea_trig_& ALWAYS
dtu_ea_trig_7 ALWAYS
dtu_dat_trig_0 ALWAYS

DCIU_TC status trace enable dtu_dat_trig_1 ALWAYS
dtu_dat_trig_2  ALWAYS

Advanced. .. dtu_dat_trig_3 ALWAYS
dtu_acc_wr
deu_acc_rd Y]
7/ Wizard... 1 Create Template... Cancel Help

Figure27: POB_Y Configuration, notagsin this usecase
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Figure28shows the required BOB_SRI configuration. In this configuration the Data Trace Unit 1 (DTU1)
of the BOB_SRI is used to trace the CurrentTask and Currentlsr object of CPUQ, DTU2 isaased to
the CurrentTask and Currentlsr object of CPU1.

Trigger - [Advanced Coverage Trigger] %

MCDS  TriCore X TriCore SRI SPB MCX iNET

Action (double dick to edit) Event (double dick to edit) Trigger (double dick to edit)
deu_enable E
decu_sync - EVT1 dtul_ea_trig_1 dtu2_ea_fine
dtul_wdat EVTO | EVT1 EVT2 - dtul_ea_trig_0 [(OsCfg_Trace_OsCore_Cored_Dyn).CurrentT
dtul_wadr EVTO | EVT1 EVT3 - dtul_ea_trig_1 [(0sCfg_Trace_OsCore_Corel_Dyn).Currentl:
dtui_rdat - EVTS - dtul_ea trig_2  ALWAYS
dtul_radr - EVTS - dtul_ea_trig_3 ALWAYS
dtuZ_wdat EVT15 | EVT14 EVTE - dtul dat_trig 0 ALWAYS
diu2_wadr EVT15 | EVT14 EVT7 - dtui_dat_trig_1  ALWAYS
dtuZ_rdat - EVTE - dtul dat_trig_2  ALWAYS
dtu?_radr - EVTY - dtul dat_trig_3  ALWAYS
wiu_enable_0 - EVT10 - diul_acc_trig_0 Access
wiu_enable_1 - EVT11 - dtul_acc_trig_1 Access
wiu_enable_2 - EVT12 - dtul_acc_trig_2  Access
wiu_enable_3 - EVT13 - dtul_acc_trig_3 Access
wiu_enable_4 - EVT14 dtu2_ea_trig_0 dtu2_ea_trig_0 [{OsCfg_Trace_OsCore_Corel_Dyn).CurrentT
wiu_enable_5 - EVT15 dtu2_ea_trig_1 dtu2_ea_trig_1 [{OsCfg_Trace_OsCore_Corel_Dyn).Currentl:
wiu_enable_6 - dtu2_ea_trig_2 ALWAYS
wiu_enable_7 - dtu2_ea_trig_3 ALWAYS
sri_act_0 - dtuZ_dat_trig 0 ALWAYS
sri_act_1 - dtuz_dat_trig 1 ALWAYS
sri_act_2 - dtuZ_dat_trig_2  ALWAYS
sri_act_3 - dtuZ_dat_trig_3  ALWAYS
sri_act_4 - dtu2_acc_trig_0 Access
sri_act_5 - dtu2_acc_trig_1 Access
sri_act_& - dtu2_acc_trig_2 Access
sri_act_7 - dtu2_acc_trig_3 Access
tsu_rel - deu_ei
deu_sus
deu_err
sri_trig_0
sri_trig_1
sri_trig_2
DCU_SRI status trace enable sri_trig_3
rd Wizard... %1 Create Template... Cancel Help

Figure28: BOB_SRTonfiguration tarace Data Write Accessed of Cores 0 and 1 to the corresponding OS
Objects

Trigger:

1 Two magnitude comparators (address comparators) generate a trigger when CPUO/1 access

the corresponding CurrentTask (Running Task) and Currentlsr (RunninglSR2) variables of the
OsS.

Configuration of dtul_ea_trig_0 (Running Task):
Trigger >

X |re_CoreD_D\,rn).CurrentTasH| Cancel

Entire Object

Configuration of dtul_a& trig_1 (Running ISR2):
Trigger x

X |IDre_CDreD_Dyn).Current[sr| Cancel

Entire Object

DTU2 is configured accordingly.
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Events:

Trigger dtul_ea_trig_0 is mapped to EVTO.
Trigger dtul_ea_trig_0 is mapped to EVT1.
Trigger dtu2_ea_trig_0 is mapped to EVT14.
Trigger dtu2_ea_trig_0 is mapped to EVT15.

=A =4 =4 =4

Actions:
1 EVTO or EVT1 both cause capturing (by DTU1) the Write Access Data (dtul_wdat) and Write
Access Address (dtul_waddr).
1 EVT14 or EVT15 both cause capturing (by DTU2) the Write Access Data (dtu2_wdat) and Write
Access Address (dtu2_waddr).
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Figure29 shows the MCX configuration required to use TICK time stamping.

Trigger - [Advanced Coverage Trigger] %

MCDS  TriCore X TriCore¥ SRI SPB MCX iNET

Action (double dick to edit) Event (double dick to edit) Trigger (double dick to edit)
tsu_rel_en - ~ "
tsu_rel_sync - EVT1 - fifo_trg_0
tsu_abs_en - EvT2 - fifo_trg_1
tsu_abs_sync - EVT3 - tsu_tc_trig
wiu_enable_0 - EVT4 - tox_act_0
wiu_enable_1 - EVTS - tox_act_1
wiu_enable_2 - EVTE - tox_act_2
wiu_enable_3 - EVI7 - tox_act_3
wiu_enable_4 - EVTE - toy_act_0
wiu_enable_5 - EVTS - toy_act_1
wtu_enable_& - EVT10 - toy_act_2
wiu_enable_7 - EVT11 - toy_act_3

EVTi2 -

=
IE [}
9
had
=]
w
o
o
1]
A
[}
=]

- EVT13 - act_
wiu_cnt_2 - EVT14 - spb_act_2
- EVT15 -

EVT16 -
EVT17 - sri_act_1
EVT18 - i
EVT19 -
EVT20 -

EEEZEEZ= =
EEEEEEEE
99959959995
T
OO ) houn s Ly —
LY
= A= A=} iy = | =]
o o
ppono
noogouowy
ER TN Yt
wa'ra '

wiu_cnt_9 - EvT21 - sri_act_5
wiu_ent_10 - EVT22 - sri_act_6
wiu_ent_11 - EVT23 - sri_act_7
whu_cnt_12 - cnt_trig_0
whu_cnt_13 - ont_trig_1
whu_cnt_14 - cnt_trig_2
wiu_cnt_15 - cnt_trig_3
cnt_trig_4
trace_done - ont_trig_5
break_out w ont_trig_&
I ant_trig_7
enable tick message generation by DMC cnt_trig_8
cnt_trig_9
Advanced. .. ont_trig_10
cnt_trig_11
ont_trig_12 v
Ve Wizard... 1 Create Template... Cancel Help

Figure29: MCX Configuration to generate TICKS for Time Stamping and WglubeSamping

As a final stage of the trace configuration the Recorder, i.e. iC5700, properties need to be set. In this
usecase we immediately start trace recording and use the Upldde-Sampling feature to stream

trace messages via the DAP interface.

Figure30depicts the corresponding Recorder settings.

Analyzer Configuration - [O5_ORTI] >

HBFJ%BFE Profiler Cowverage

Analysis and Configuration

Profiler
D Coverage
Manual Trigger/Recorder configuration Preset =
FMet Operation...
Options

|:| Reactivate session after CPLU stop

Property Value
= Recorder ~
Start Trigger Immediately
Recording Size Limit 1GB
Trigger Position Begin
Timer Interpolation |
Generate time synchronization messages [ |
Upload while sampling

W

Figure30: Analyzer Configuration for DAP Upleathile-Sampling (UWS) and immediate Recording
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2.1.4  winIDEAProfiler Configuration

In order to make winIDEA and the winIDEA Profiler aware of the AUTOSAR OS running on the target
the socalled ORTI file, generated by the AUTOSAR generation tool, needs to be imported into winIDEA.
Thisis done viathe meru5 Sa@HzBISNI G Ay 3 {daGSYXé D

2 KSY AYLRNIAYy3I GKS t!ce¢eh{!w hwe¢eL FAES GAlF (GKS abs
be selected (se€igure3l). Afterwards you canige the OS awareness some descriptive name. In our

example shown iffigure32> G KS hwe¢lL FAES Kra GKS yFrYS ahaye NI
this example is a Vectddicrosar OS, we name the @Sg I NSy Saa (GKS yIFYS Gai ONR:

Operating system >

Operating System

MNew... [

O5Linux

L4Res

Pike05

freeRTOS RTOS

OSEK AUTOSAR I},

Figure31: Creating of a new OSEK AUTOSAR OS fesaren

< Edit opticns

Operating System

Property Value
. =) Configuration
RTOS description file type ORTI
c RTOS description file location Os_Trace ORT
onfigure. ..
Rename...
Figure32y { St SOlGA2y 2F GKS 1! ¢h{! wnahpewNog OSKthSveENY (GKAE& SEI

I a52¢yf2FRé 2Nl a{eYoz2f 52¢yf2FRé¢ 2LISNIOGA2Y | faz
Subsequently, the winlDEA Profiler can be configured to utilize the information given by the ORTI file.

A =

As shownirFigure33z (G KS LINRPFAEAYy3a 2F ah{ 2062S0Ga¢ ySSRa i
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Hardware Profiler Coverage

| RTOS Profiler Options x
Profile
Operating System
[ ]code i 1
Advanced.. Microsar ORTI w
[Jpsta Ohjects to profile
oS ohjects || 08 Setp.. A
[~]caore 1: Tasks
(] aux [~]core 2: Tasks
[]Core 0: 15Rs2
[Metwork [ ]Passpoint []Core 1: ISRs2
[]core 2: 15Rs2 .
| Code Areas [ |Core 0: SERVICETRACE[0] ol |l
| Enter filter string(s) Object Info:
| MName: RUNNINGTASK[O] |
Definiton: RUNMNINGTASK[O]
Description: Core 0: Tasks
Signaling: OsCfg_Trace_OsCore_Corel_Dyn.CurrentTz
5

Figure33Y & h{ { Sl dzldX¢ / 2y T xBroiNdDialdggy 2F GKS !yl fte&l SNJ

tdZAKAYy3 G4KS ah{ {
{eaiGsSya O2NNBaLRy
selecting the ORTI file.

lff h{ 2025034 RSAONAOSR o6& (G(KS hw¢L I|eBcahAaidSR
be selected for profiling. The sbA Y R2 g aho2SO0 LyFT2Y¢é LINRPGARSa Y2
object, such as the Name given in the ORTI file and the type of signaling.

In the example shown iRigure33the ORTI object RUNNINGTASK]JO], i.e. the Running Task on CPUO,

is signaled via the global variable Os_Cfg_Trace_OsCore0_Dyn.CurrentTask. As described in the section
2.1.2these are the global variables which need to be observed via Data Trace.

SldzllX¢ odz2yay RUEY 2 IDPKSE KEWh {rSt
R Yy R

[j
& 02 0(KS QhlLXBSI GKklyEdE FlRA INAS r
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2.1.5 winIDEA Profiler View

Figure34 shows the resultig profiler timeline.

e T %
G-F YL/ B & ol&sF;AAR R Total 10755

E Toms 20ms 3oms 40ms soms
Data History

211 1SR2s. Cored
\ Bl INVALID_ISR_CORE_B
B[ CanIsr_®
. B CounterIsr_OsCounterC@
M XSignallsr_OsCore_Cored
-1 TAsKs . Cored
Lol App_Task_PlausCheck_Cyclic_1
| Bl App_Task_PlausCheck_Cyelic_2
. P App_Task_PlausCheck_NonCyclic
ML IdleTask_c@
M Init_Task_C@
B Schi_Task_c8
ol Unknown_CORE_8
= If' IsR2s. Corel
- M INVALID_ISR_CORE_1
. M CounterIsr_OsCounterCl
“ M XSignallsr_OsCore_Corel
-1 TASKs . Corel
Lol App_Task_Calc_Cyclic_1
| Bl App_Task_Calc_Cyelic_2
. ML App_Task_Calc_Cyclic_3
[ App_Task_Calc_NonCyclic
M IdleTask_C1
Bl Init_Task_C1
Lol SchM_Task_C1
'l Unknown_CORE_1

. M INVALID_ISR_CORE_2
M CounterIsr_OsCounterC2

‘.l Xsignallsr_OsCore_Core2
= I TASKs. Core2

© Bl App_Task_OutputProc_cyelic_1
. ML App_Task_OutputProc_Cyclic_2
. B App_Task_OutputProc_NenCyclic
Ml IdleTask_C2
Bl Init_Task_c2
Lol SchM_Task_C2

I 1
] I nn 1 n 1 nm I n 1 nm
- o — Iy L
] L1l ] | Ll ] 11|
| |
|
| Il | I |l [T I
1 _______Illil_|
[ | | NI ] |
. 1 ] ] /| | ] ||
I 11 1 11 1 11 1 11 1 1
mn
. i n n n n
] ]
|
11 1 | 1 | 1 |
m
| | BN NN I S | I R
Ll
1 1 1 1 1
. Hh n m n m
.1 7 ]
1 1] | 1} | 1}
1l
" L L L .
| |
| | [ | | | [ | I
| |
x5 . |
n__________________I |
| 1 | 1

Figure34: Sample winIDEA Profiler Timeline, showing RunningsBaskRunning ISR of all three Cores c&
Multi-Core AUTOSAR OS running on an Infineon AURAX7
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2.2  Multi-CoreOS &Program Trace via AGBT

This section demonstrates tlewde/functionprofiling of an AUTOSAR Resedmulti-coreapplication.

How many cores can be profiled in parallel dependshenrtumber of available POBs, i.e. either two

or three coresThe objective is to perform timing analysistbé complete software runningn the

cores. The OBinning tasks and running ISR&® also tracedThis is needed when nested function

profiling isdone on systems using a peenptive operation system (such as the AUTOSAR OS).

bSaGSR TFdzyOiA2y LINPFAfAY3I A& LINRPOARSR ¢KSy GKS
GOYUNBKIOEAGE Y2RSO®

The AGBT interface is designed to provide sufficient trace bandwidth for suchcasesésee also
sectionl.8)

2.2.1  What needsto be traced?

This usecase requires tracing of the program flow as well as the OS task and ISR2 context. Program
flow trace can only be done by means of Processor Observation Blocks (POB).

In the sample use&ase discussed in the following section, we assume thatrtbki-core AUTOSAR
application is running on three TriCore cotdsa TC277TF devid@n this device thtMCDS offers two
POBs, i.e. onlgn two out of three coreghe program flow can bé&raced. In our particular usease
here we decide to focus on CPUMaB@PU2, thus we trace the program flow of CPUO and ®RU2
POBsThedata accessesf CPU2 to the OS objects are also tchbg the connected POB. The data
accesses of the other two cores (CPUO and CPUL1 can bd nacgeans of one BOB, by connecting it
to the DSPR2 slave of the SRI. Thus, overall we can trace:

- The program flow of CPUO and CPU2

- The OS tasks and ISR2 of all three cores

Figure35 depicts the overall sefu

POB

DSPRO | | CPUO DSPR1| CPU1

i r
{

i 4} SRI {} >
BCB ﬁ ! Program LMU
Data RAM
DSPR2 FLASH
OS Data CPU2
Objects V| |
POB

Figure35: Sample AUR#Xternal Data Access Paths & FBBBConnectivityfor Multi-Core Program Flow and
OS Trace
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2.2.2  winIDEA Configuration

Infineon AGBTActive Probe Detection

After the communication to the iC570 has been established, it is recommended to perform a detection
2F (KS O2yySOGSR ! OGABS t NRPOS® ¢ EniultiorOdptionsp S

t NEoSeéd {StSOG ! OIONDSH KtSNROWSS FINYSRE KiE K Dyizi G2 ed
Probe.

o A«

Ernulation Options

Probe  Hardware CPU

o™
{®) Active Probe | v| | Refresh ﬂ

Figure36: AGBT Active Probe Detection

DAP Width & Frequency ConfiguratidlAGBT Flush & Buffer Configuration
Although anAGBT Active Probe is used, thallsectional debug communication is still performed via
the DAP interface. Therefore, also the DAP interface needs to be configured. DAP mode should be set
G2 a5!t 2ARSéx GKS 5!t Of 2 s the highbiRwidivtracg @ata G KI G C
streaming is routed through the AGBT interface.
¢tKSasS aSitiay3aa OlFy 0S cOeYy Th BN/ BRN | fi2KkKBuleal | ANER2G A
37.
CPU Setup

CPU1 CPUZ
Reset Debugging Analyzer Aurora SoC Advanced SoC

Debug channel

Mode DAP Wide w | Clock | 30000 |kHz

BREIM drive HIGH

[ ] Quick LEIST detection

[ ]HsM Enabled
Flush trace when AGET is stopped

Trace Buffer
Reqgion TCM e
IUse all available memory for trace buffer

First tile E Mumber of tiles

Figure37: DAP Mode/Frequency Selection & AGBT Hidfer Selection

¢ KS 2 Hiishtaoé wiierAGBTs stopped should be enabled. However, in case an AGBT overflow
occurs at the end of the trace recordirthis option should be disabled. Potentially , the flush operation
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which is performed when trace is stopped may actually cause an AGBT overflondishbbkng the
AGBT buffer flushing may eliminate the overflow.

Which type ofTrace Buffer can be used depends on the individual device. In general, either EMEM
TCM tiles or the EMEM XTM can be used as AGBT FIFO buffer.

Trace Port Selection i
As the AGBThterfaced dza SR KSNBX GKS 'yl f&1 SN YdzaG NHzy Ay |

CPU Setup X
CPU1 cPU2 HSM
Reset Debuaaing Analyzer Aurora SoC Advanced SoC SoC Events CPUOD
Operation mode |Aurora Trace Port E}‘

[ code missing from download file should be read at run-time

SoC Initialization
Before start Default ...

Figure38: Analyzer Trace Port Selection for AGBT

The Cycle duration doemt directly represent the CPU clock cycle duration, but the MA&R cycle

duration. The CPU and also the MCDS clock can be obtained via the TriCore Plugin, which can be
2LISYSR OAl Gk SAY SWHEEG@:ASoH

tdzaK GKS GwSTNBakKé odzidz2y 6KAETS GKS /t! A& NHzyy?
for CPU ad MCDS in Hz. In the sample showFigure39, the MCDS clock is equal to the CPU clock,

running at 80MHz.

Especially for higher CPU clock frequencies, the MGiai s typically half the CPU clock.

[TriCore] - TnCore

Ei | g
Group Refresh
+ 7 ters Count

+-CODCCounters

—I~Clocks
STMClock T9982kHz
CPUCIock T9982kHz
MCDSClock T9982kHz
SRIClock 158964kHz

Figure39: Sample TriCore Plugin View (MCDS and CPU running at 80MHz, i.e. Cycle Duration is 12.5ns)

In addition, the AGBT interface to be configured. The parameters are:
- Number oflanes How many AURORA Lines are used for the AGBT inteMast. AURIX
devices supporbnly 1 AURORA lane.
- Baudrate Most AURIX devices support a bitrate of either 1.25Gbga5Bbps. If possible,
select the higher bitrate to allow for a maximum tracanblwidth.
- Generate clockThis parameter is ignored for AURIX devices.
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CPU Setup

CPU1 CPU2
Reset Debugaing Analyzer Aurara SoC Advanced SoC ]

Mumber of lanes 1

Baudrate 2.5 Gbps
1,25 Gbps

[Jzenerate dodk

Figure40: AGBT Interface Configuration (Number of Lanes, Baudrate)

2.2.3 winlDEATraceAnalyzerConfiguration

You can either create a netrace configuration fothis trace usecase or you can derive it from an
already existing configuration, e.g. from OS profiling configuration described in s2ction

A-rrmlEaana
Default

0S_ORTI

Create New Configuration...

|
|ﬁ Edit Analyzer Configuration List...

Analyzer Configuration List ot
1 MNew “f Edit =l Rename || =b Set Active || (] Qﬂp}'i % Delete
(&) [P Default .

= & OS5 _ORTI

Enter ltem MName >

Mame |PFT_CPU_0_2_0S_CORT]|

Corcel

Figure41: Derivea new winIDEA Analyzer Trace Configuratiom an existing Configuration

A trace configuration for OS task and IS&2a full program tracprofiling oftwo cores (CPUO and
CPU2)could, for instance, look likdepicted inFigure41. The configuration should have a descriptive
name, enabledProfiler Analysis and enabledanual Hardware Trigger Configuration.
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Figure42 shows the MCDS configuration corresponding to the POB/BOB connectivity described in
Figure35.

Trigger - [Advanced Coverage Trigger]

MCDS  TriCore X TriCore¥ SRI SPB MCX  IfOModule iNET

Trigger
Trigger Position End w
MU
Which SRI slave is seen by SRI1 CPUZ (PSPR,DSPR...) w
Which SRI slave is seen by SRI2 CPU2 (PSPR,DSPR...) w
Which processor core is seen by POB X |CPUD w
Which processor core is seenby POBY  |CPU2 w
Time stamps
Assume source tobe | tick w
Reference dock Main PLL w

Mote: configure cyde duration in
Hardware/CPU Setup/Debugging

Options
L Mote: enabling this option, will disable the
Enable trace during CPU reset trigger {MC¥/trace_done is set to NEVER)
o MNote: enabling this option, will disable UWS
Continuaus mode and force MCX/trace_done to NEVER,

Figure42: POB/BOB MUX and Timestamping Configuration

Trigger:
¢CKS G¢NAIISNIt2arAdAz2ye aSliadAy3a Aa vRilaGSamBiigS ol yi A

MUX:

The BOB_SRI and POB X and Y MUXes are set in the following way:
T .h. ¢{wLmY [/t | He.corhnétcedwoihe SRI interbdae of the CPU2 local memory.
1 BOB_SRI2:t | H 061t { t,iveXondeget to Ka)SRI interface of the CPU2 local memory.
1 POB X:RWD, i.e. connectd to CPO
1 POBY: CPU2, i.e. connectecCteU?

Time stamps:

¢L/Y GAYS &0l YLAY3I A& dzaASR 04! aadzyS az2dz2NOS (2 0S8
Ly GKAa OFasSz (GKS @FrftdzS SyiSNBR F2NI ¢{!tw{/[ IYR
Options:

No additional options need to be enabled.
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Figure43 shows the required POB X configuration (POB X is connected @).CPU

Trigger - [Advanced Coverage Trigger]

McDs  TriCore X Tricore ¥ SRI SPB MCX

Action (double dick to edit)

decu_enable -
deu_sync -
dtu_wdat -
dtu_wadr -
dtu_radr -

ptu_nesting -
ptu_sync -
otu_enable -
otu_sync -
wiu_enable_0 -
wiu_enable_1 -
wiu_enable_2 -
wiu_enable_3 -
wiu_enable_4 -
wtu_enable_5 -
wtu_enable_6 -
wiu_enable_7 -
tc_act_0 -
tc_act_1 -
tc_act_2 -
tc_act_3 -
tsu_rel -

tu_enable ALWAYS

If0OModule iNET

Event (double dick to edit)

EVT1 -
EVTZ -
EVT3 -
EVT4 -
EVTS -
EVTe -
EVT7 -
EVTE -
EVT9 -
EVTi0 -
EVT1i1 -
EVTiZ -
EVT13 -
EVT14 -
EVT15 -

FTU_TC program trace enable

Advanced...

7 Wizard... “1]  Create Template...

Figure43: POB_X Configuran to tracethe Program Flow afore0

Trigger: not used
Event: not used
Action:

Trigger {double dick to edit)

~

core_trigd

core_frigl

core_frig2

core_trig3

core_trigd

core_rig5

core_trigs

core_trig?7

core_tr0evt

core_frlevt

core_exevt

core_swevt

core_ea_fine

ptu_trig_0 ALWAYS

ptu_trig_1 ALWAYS

ptu_trig_2 ALWAYS

ptu_trig_3 ALWAYS

ptu_trig_4 ALWAYS

ptu_trig_5 ALWAYS

otu_trig_0 ALWAYS

otu_trig_1 ALWAYS

otu_trig_2 ALWAYS

dtu_ea_trig_0 ALWAYS

dtu_ea_trig_1 ALWAYS

dtu_ea_trig_2 ALWAYS

dtu_ea_trig_3 ALWAYS

dtu_ea_trig_4 ALWAYS

dtu_ea_trig_5 ALWAYS

dtu_ea_trig_6 ALWAYS

dtu_ea_trig_7 ALWAYS

dtu_dat_trig_0 ALWAYS

dtu_dat_trig_1 ALWAYS

dtu_dat_trig_2 ALWAYS

dtu_dat_trig_3 ALWAYS

dtu_acc_wr

deu_ace_rd W
e

1 ptu_enable: ALWAY@8nconditional program flow trace)
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How to handle Program Flow Trace Overflewv
For program trace on CPU2, a first attempt also used unconditional program trace, i.e. ptu_enable =
ALWAYS. However, this trace configuration generated immediate AGBT trace buffer overiloines.
analysis reveals that the root cause for the overflowhis execution of a shosoftwareloop, while

the OS idle task is running on CPU2. ®ufiware loop is implemented in the OS function
Ghaw!l I fy/ 2NBCNBST S¢ o

Such short software loops are generaither & G NI OS

dzy FNASY Rt 8¢ | &

GKSe@

message ah high rate and therefore tend to overflow trace buﬁer/in'Eerfaces.
Ghayg! I fw/ 2NBECNBEST S¢
to itself. Each jump generates a program trace message (IPl_C message).

As shown irFigure44 (i K S

Trace

| 0s_Hal_CoreFreeze |

BEY[r 9
Mumber Address Data
27.7 3000"0Eck

S000"0ERA

Content

0000003C|"0s_Hal Core.c™::143

0s_Hal CoreFreeze
3C00 j

IFI C (corelD=FTIU TICK, bytes=0x0]
tick ()

0000003C|"0s_Hal Core.c™::143

0s_Hal_ CoreFreeze

0s_Hal CoreFreeze (S0000EGR)

3C00 5

0s_Hal CoreFfreeze (80000E6RL)

Tdzy OtiA2ng AYLE S

SourcelD

ns FTU_TCK

Figureddy t NB A NJ Y

IFI_C (corelD=FTU_TCE, bytes=0x0)
tick ()

GNF OS NBO2NRAYy3I 27F

z A

u K

In order to avoid these overflows, waan either add NOP insictions within the looto reduce the

trace message generation rate) we exclude this software loop of the Idle task from the program flow
trace.Maodification of the source code is often not possible, sogwdor the optionexcludngthe loop

from program traceln other words, the POB connected to CPU2 is configured in a way that it generates
program trace messages for all code areas, except when the core executes code of the function body

27
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A magnitude (i.e. addss range) compactor of the POB is used to generate a trigger when the CPU

instruction pointer

(address of executed

instruction) falls

Ghayl I fy/ 2NBSCNBST S¢ o

Qs Hal CoreFreeze

Trigger

Xa=IP ==Y

Entire Object
Y
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Cancel
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Event (double didk to edit)

Tri

EVTD !ptu trig O E

Event

Enabled

MNOT  Trigger
|:| core_crevt

|:| core_trigl
|:| core_frigl
ptu_trig_0

| [Os_Hal_CoreFreeze]

Figure46: ptu_trig_0 is mapped to EVTO and inverted (NOT)

Finally, the event EVTO is mapped to the Program Trace enable action (ptu_enable).
While (Level = State) the event EVTO is active (Qualifier = Active), program trace is enabled.

Action (double dick to edit)

dcu_enable

dou_sync -

dtu_wdat EVT11 | EVT10

dtu_wadr EVT11 | EVT10

dtu_radr
tu_enable EVTO
Action

Qualifier Level Event

IF | Active = State = EVTO =
OR |NEVER ~ | |Edge EVTO
OR |[NEVER | |Edge EVTO
OR |NEVER ~ | |Edge EVTO

Figure47. Enabling Program Trace while EVTO is active.
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Figure48shows the required POB Y configuration (POB&hisected toCP\2).

Trigger - [Advanced Coverage Trigger] %

MCDS TriCoreX TriCoreY SRI  SPE MCX  I/OModule iNET

Action (double dick to edit) Event (double dick to edit) Trigger {double dick to edit)
deu_enable - core_crevt ~
deu_sync - EVT1 - core_trigd
dtu_wdat EVT11 | EVT10 EVvT2 - core_trigl
dtu_wadr EVT11 | EVT10 EVT3 - core_trig2
dtu_radr - EVT4 - core_trig3
tu_enable EVTO EVTS - core_trig4
ptu_nesting - EVTe - core_trig5
plu_sync - EVT7 - core_trigs
otu_enable - EVTE - core_trig7
otu_sync - EVTS - core_trlevt
wiu_enable_0 - EVT10 dtu_ea_trig_2 core_trilewt
wiu_enable_1 - EVT1l dtu_ea_trig_3 core_exevt
wiu_enable_2 - EVT12 - core_swevt
wiu_enable_3 - EVT13 - core_ea_fine
wh_enble 4 - EVT14 -
whu_enable_5 - EVT15 - ptu_trig_1 ALWAYS
wiu_enable_& - ptu_trig_2 ALWAYS
wiu_enable_7 - ptu_trig_3 ALWAYS
tc_act 0 - ptu_trig_4 ALWAYS
tc_act_1 - ptu_trig_5 ALWAYS
tc_act 2 - otu_trig_0 ALWAYS
tc_act_3 - otu_trig_1 ALWAYS
tsu_rel - otu_trig_2 ALWAYS
dtu_ea_trig_0 ALWAYS
dtu_ea_trig_1 ALWAYS
dtu_ea_trig_2 [{OsCfg_Trace_OsCore_Core2_Dyn).Curre
dtu_ea_trig_3 [(OsCfg_Trace_OsCore_Core2_Dyn).Curre
dtu_ea_trig_4 ALWAYS
dtu_ea_trig_5 ALWAYS
dtu_ea_trig_& ALWAYS
dtu_ea_trig_7 ALWAYS
dtu_dat_trig_0 ALWAYS
FTU_TC program trace enable dtu_dat_trig_1 ALWAYS
dtu_dat_trig_2  ALWAYS
Advanced... dtu_dat_trig_3 ALWAYS
dtu_acc_wr
deu_acc_rd Y]
Ve Wizard. . %1 Create Template... Cancel Help

Figure48. POB_Y Configuratida trace the Program Flow and Data Write Accesses to the OS Objects of Core 2

Trigger:
I Two magnitude comparatofaddress range comparatorsf the Data Trace Unit (DTU) of the
POB generate a trigger when CPU2 access the corresponding CurrentTask (Running Task) and
Currentlsr (RunninglSR2) variables of the OS.
1 A magnitude comparator (address range comparator) of the Program Trace Unit (RA&J) of
POB generates a trigger when CPU2 executes an instruction located in the address range
O2@SNBR 08 (GKS TFdzyOlAzy ahawlltyg/ 2NBECNBST S¢ o

Events:
9 Trigger dtu_ea trig_2 is mapped to EVT10.
9 Trigger dtu_ea_trig_3 is mapped to EVT11.
9 Trigger ptu_trig_0 is invexd (!) and mapped to EVTO.

Actions:
1 EVT10 or EVT11 both cause capturing (by DTU) the Write Access Data (dtu_wdat) and Write
Access Address (dtu_waddr).
1 EVTO is mapped to Action ptu_enable, i.e. program trace is enabled while EVTO is true, i.e. the
CPU eecuted instruction located outside of the function body of function
Ghayw!l £/ 2NBCNBST S¢ o
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Figure49shows the required BOB_SRI configuration. In this configuration the Data Trace Unit 1 (DTU1)
of the BOB_SRI is used to trace the CurrentTask and Currentlsr object of CPUQ, DTU2 isaased to
the CurrentTask and Currentlsr object of CPU1.

Trigger - [Advanced Coverage Trigger] X
MCDS  TriCore ¥ TriCoreY SRI SPB MCX  IfOModule iMET
Action (double dick to edit) Event (double dick to edit) Trigger {double dick to edit)
deu cnable =
deu_sync - EVT1 dtul_ea_trig_1 dtu2_ea_fine
dtul_wdat EVTO | EVT1 EVvT2 - dtul_ea_trig_0 [(0sCfg_Trace_OsCore_Cored_Dyn).CurrentT|
dtul_wadr EVTO | EVT1 EVT3 - dtul_ea_trig_1 [(0sCfg_Trace_OsCore_Core0_Dyn).Currently
dtul_rdat - EVT4 - diul ea trig 2 ALWAYS
dtul_radr - EVTS - diul ea trig 3 ALWAYS
dtu?_wdat EVT15 | EVT14 EVTE - diul dat_trig 0 ALWAYS
dtu2_wadr EVT15 | EVT14 EVI7 - diul dat_trig_1  ALWAYS
dtu2_rdat - EvTs - dtul dat trig 2 ALWAYS
dtu?_radr - EVTS - diul dat_trig_3  ALWAYS
wiu_enable_0 - EVT10 - dtul_acc_trig_0 Access
wiu_enable_1 - EVT11 - dtul_acc_trig_1 Access
wiu_enable_2 - EVT12 - dtul_acc_trig_2  Access
wiu_enable_3 - EVT13 - dtul_acc_trig_3 Access
wiu_enable_4 - EVT14 dtu2_ea_trig_0 dtu2_ea_trig_0 [{0sCfg_Trace_OsCore_Corel_Dyn).CurrentT)|
wiu_enable_5 - EVT15 dtu2_ea_trig_1 dtu2_ea_trig_1 [(0sCfg_Trace_OsCore_Corel_Dyn).Currentls
wiu_enable_& - dtu2_ea_trig_2 ALWAYS
wiu_enable_7 - dtu2_ea_trig_3 ALWAYS
sri_act_0 - diuZ_dat_trig 0 ALWAYS
sri_act_1 - diuZ_dat_trig_1  ALWAYS
sri_act_2 - dtu2_dat_trig_2 ALWAYS
sri_act_3 - diuZ_dat_trig_3  ALWAYS
sri_act_4 - dtu2_acc_trig_0 Access
sri_act_5 - dtu2_acc_trig_1 Access
sri_act_6 - dtu2_acc_trig_2 Access
sri_act_7 - dtu2_acc_trig_3 Access
tsu_rel - deu_ei
deu_sus
deu_err
sri_trig_0
sri_trig_1
sri_trig_2
DCU_SRI status trace enable sri_trig_3
. o
ré Wizard... 1l Create Template.. Cancel Help

Figure49: BOB_SRTonfiguration tarace Data Write Accessed of Cores 0 and 1 to the corresponding OS
Objects

Trigger:

1 Two magnitude comparators (address comparators) generdtgger when CPUOQ/1 access
the corresponding CurrentTask (Running Task) and Currentlsr (RunninglSR2) variables of the
os.

Configuration of dtul_ea_trig_0 (Running Task):
Trigger >

X |re_CoreD_D\,rn).CurrentTasH| Cancel

Entire Object

Configuration of dtul_ea_trig_1 (Running ISR2):
Trigger x

X |IDre_CDreD_Dyn).Current[sr| Cancel

Entire Object

DTU2 is configured accordingly
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Events:

Trigger dtul_ea_trig_0 is mapped to EVTO.
Trigger dtul_ea_trig_0 is mapped to EVT1.
Trigger dtu2_ea_trig_0 is mapped to EVT14.
Trigger dtu2_ea_trig_0 is mapped to EVT15.

=A =4 =4 =4

Actions:
1 EVTO or EVT1 both cause capturing (by DTU1) the YAbitess Data (dtul_wdat) and Write
Access Address (dtul_waddr).
1 EVT14 or EVT15 both cause capturing (by DTU2) the Write Access Data (dtu2_wdat) and Write
Access Address (dtu2_waddr).
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Figure50 shows the MCX configuration required to use TICK time stamping.

Trigger - [Advanced Coverage Trigger] %

MCDS  TriCore X TriCore¥ SRI SPB MCX iNET

Action (double dick to edit) Event (double dick to edit) Trigger (double dick to edit)
tsu_rel_en - ~ "
tsu_rel_sync - EVT1 - fifo_trg_0
tsu_abs_en - EvT2 - fifo_trg_1
tsu_abs_sync - EVT3 - tsu_tc_trig
wiu_enable_0 - EVT4 - tox_act_0
wiu_enable_1 - EVTS - tox_act_1
wiu_enable_2 - EVTE - tox_act_2
wiu_enable_3 - EVI7 - tox_act_3
wiu_enable_4 - EVTE - toy_act_0
wiu_enable_5 - EVTS - toy_act_1
wtu_enable_& - EVT10 - toy_act_2
wiu_enable_7 - EVT11 - toy_act_3
wiu_cnt_0 - EVT12 - spb_act_0
wiu_cnt_1 - EVT13 - spb_act_1
witu_cnt_. - EVT14 - spb_act_2
wiu_cnt_3 - EVT15 - spb_act_3
wiu_cnt_4 EVT16 - sri_act_0
wiu_cnt_5 EVT17 - sri_act_1
wiu_cnt_6 EVT18 - sri_act_2
wiu_cnt_7 EVT19 - sri_act_3
wiu_cnt_8 EVT20 - sri_act_4
wiu_cnt_9 - EvT21 - sri_act_5
wiu_ent_10 - EVT22 - sri_act_6
wiu_ent_11 - EVT23 - sri_act_7
wiu_cnt_12 - cnt_trig_0
whu_cnt_13 - ont_trig_1
whu_cnt_14 - cnt_trig_2
wiu_cnt_15 - cnt_trig_3
cnt_trig_4
trace_done - ont_trig_5
break_out w ont_trig_&
I ant_trig_7
enable tick message generation by DMC cnt_trig_8
cnt_trig_9
Advanced. .. ont_trig_10
cnt_trig_11
ont_trig_12 v
Ve Wizard... 1 Create Template... Cancel Help

Figure50: MCX Configuration to generate TICKS for Time Stamping and WltbeESampling

As a final stage of the trace configuration the Recorder, i.e. iC5700, properties need to be set. In this
usecase we immediately start trace recording.
Figureb1 depictsthe corresponding Recorder settings.

Analyzer Configuration - [PT_CPU_0_2_ 05 ORTI] >

Hardware Profler Coverage

Analysis and Configuration

Profiler
|:| Coverage

Manual Trigger fRecorder configuration Configure... Preset =

FMet Operation. ..

Options
DReactivate session after CPU stop

Property Value
= Recorder
Start Trigger Immediately
Recording Size Limit 1GE
Trigger Posttion Begin
Timer Interpolation 1

Generate time synchronization messages [

Figure51: Analyzer Configuration fammediateTraceRecording
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2.2.4  winIDEAProfiler Configuration

In order to make winIDEA and the winIDEA Profiler aware of the AUTOSAR OS running gyethe ta
the socalled ORTI file, generated by the AUTOSAR generation tool, needs to be imported into winIDEA.
¢tKA&a Aa& R2YS @d&hLISINGSi AYYST/ dg 2aa5iSovaxE @

2 KSY AYLRNIAYy3I GKS t!ce¢eh{!w hwe¢eL FAES GAlF (GKS abs
be selected (se€igures2). Afterwards you can give the OS awareness some descriptive name. In our

example shown ifFigure53x G KS hwe¢lL FAES Kra GKS yFrYS ahaye NI
this example is a Vector Mmsar OS, we name the @Sg I NSy Saa (GKS yIFYS dGai ONR:

Operating system *

Operating System

New... [

OSLinuwx
L4ReDS
PikeOS
freeRTOS RTOS
OSEK AUTOSAR
¥

Figure52: Creating of a new OSEK AUTOSAR OS Awarenss

< Edit opticns

Operating System

Property Value
. =) Configuration
RTOS description file type ORTI
RTOS description file location Os_Trace ORT
Configure. ..
Rename...
Figure53Y { St SOlA2y 2F GKS ' ! ¢h{!w hwe¢L CAfS oAy (GKA& SEI

I a52¢yf2FRé 2Nl a{eYoz2f 52¢QRTIFIE.RE 2LISNI GA2y | faz
Subsequently, the winlDEA Profiler can be configured to utilize the information given by the ORTI file.

A =

As shown irFigure53z. 0 KS LINRP FAf A gdBtoPefenabled] 202S0Ga¢ yS
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|
Hardware Profiler Coverage 1T
Profile :
RTOS Profiler Options >
Code
Advanced... )
Operating System
[]Data .
Micorsar ORTI e
05 objects 05 Setup... Ib
Ohjects to profile
[ ]ausx TASKz.Corel Py
[~]TASKs. Corel
Metwark [ ]Passpaint [« TASKs, Core2
[«]15R.25.Corel
Code Areas [«]15R.25.Corel
| Enter filter string(s) [AISR2s. Core2
[ JCore 0: SERVICETRACE[0] o
Object Info:
Mame: RUNMINGTASK[O]
Definiton: RUMMINGTASK]O]
Description: TASKs, Corel
Signaling: (OsCfg_Trace_OsCore_Core0_Dyn).Current
Data Areas

Figure54Y & h{ { Sl dzldX¢ / 2y T xPBroiNdDialdgey 2F GKS !yl fte&l SNJ

t dzZAKAyYy3d GKS ah{ {SGdzXé¢ odzilizy 2LSya GKS aweh{ t
Systems corresponds to the name thiat & 3IA BSYy EMHISNES AYyHSqEAGSYXE R,
selecting the ORTI file.

'ttt h{ 202S0G&a RSAZONAROSR o0& (GUKS hwe¢L INB tA&0GSR
be selected for profiling. The s¥bA Y R2 6 dah o 2SO0 ore gelidisfo diFBcke® Sa Y
object, such as the Name given in the ORTI file and the type of signaling.

In the example shown iRigure54 the ORTI object RUNNINGTA$K[@. the Running Task on CPUO,

is signaled via the global variable Os_Cfg_Trace_OsCore0_Dyn.CurrentTask. As described in the section
2.1.2these are the global variadd which need to be observed via Data Trace.

In addition to OS objects, also the entire code shall be profiled. This requires the following
configurations.

¢ KS at/NRPR3E S2 Liltdb2 ghabje§ahdRalso a Code Profiler Operation mode needs to be
selected.
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In general, the following function profiling modes are supported:

Operating Concepts Description
Mode
Function | Profiling in Entry/Exit mode also recognizes function nesting.
Nesting
If a preemptive Operating System (OS) is used, it is required tc
Operating | signal and profile the context switches of the OS.
Entry/Exit System The profiler basically maintains a function calcit for each
recognized OS context.
: Entry/Exit mode profiling des not cater for function exi
Compiler N . ) . A .
o optimizations, i.e.function exit optimizations may yield th
Optimization .
profiling mode unusable.
Function | Profiling in Flat mode doermot recognize function nesting.
Nesting assume a valid entry/exit sequence for each function.
Operating | In Flat mode it imot necessary to also profile the context switch
Flat
System of an OS.
Compiler | Flatmode profilirg is not affects by compiler optimizations.
Optimization
Function | Profiling in Range mode also recognizes function nesting.
Nesting
If a preemptive Operating System (OS) is used, it is required tc
Operating | signal and profile the context switches of the OS.
Range System | The profiler basically maintains a function call stack for €
recognized OS context.
Compiler Rangemode profilingperforms an irdepth analysis of the cod
omprie trying to recognize and compensate compiler optimizations, s
Optimization . . .
a function tail optimizations.
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Analyzer Configuration - [PT_CPU_0_2_0O5_ORTI]

Hardware Profiler Coverage

Code Areas

Profile
Operation mode
Code
Advanced... Trigger at
[pata Default) v
05 objects 05 Setup...

EntryExit

Flat

Analyze only events after trigger point

D ALK Limit session duration ms

[Inetwork []rasspoint [J1gnore unknown functions / variables

| Enter filter string(s)

Mew...
Edit. ..
Remave

Select All..

Data Areas

Mew =
Edit...

Remove

Figureb5: Profiler Configuration of OS Profiling and C¢éenction) Profiling

47 of 51

www.isystem.com

Application Note



AURIX Trace Overview and t&ases

2.2.5 winIDEA Profiler View

Figure56 and Figure57 show the resulting profiler timelinet K S /
A

a
timelineoffunch 2y a> G(KS a5+ GFé aSOlAzy

Figure56: Sample Timeline of a duabre OS (task and ISR2) and Code (Function) Profile

Figure57: Zoomedin section of thesample Profiler Timeline shown Figure56
(Profiler Operating Mode = Range)
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