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1 Introduction

This document covers Freescale MPC5xxx and ST SPC56 microcontrollers featuring Nexus Class 3+ interface.
Refer to microcontroller reference manual to identify Nexus Class level of a particular microcontroller or contact
iSYSTEM technical support for this information.

According to the Nexus standard, these devices contain multiple Nexus clients that communicate over a single
IEEEE-ISTO 5001-2003 Nexus class 3(+) combined JTAG IEEEE 1149.1 auxiliary out interface. Combined, all
of the Nexus clients are referred to as the Nexus development interface (NDI). Class 3+ Nexus allows for
program, data and ownership trace of the microcontroller execution without access to the external data and
address buses.

Communication to the NDI is handled via the auxiliary port and the JTAG port.

The Nexus trace is based on messages and has its limitations comparing to the in-circuit emulator where the
complete CPU address, data and control bus is available to the emulator in order to implement exact and
advanced trace features.

Due to the limited debug features of the Nexus trace, iISYSTEM has introduced a proprietary Nexus Real-Time
Reconstruction (Nexus RTR), which restores the original 200 core execution bus, which is otherwise embedded
deeply in the CPU silicon, in the development system. With this technology, advanced trace functions, extended
profiler and infinite real-time execution coverage become available.

Nexus trace supports:
e program, data and ownership trace for the e200 core
e program, data and ownership trace for the eTPU (on CPUs where it’s available)
e tracing data accesses for the eDMA module (on CPUs where it’s available)
e tracing data accesses for the FlexRay (on CPUs where it’s available)

Program Trace

Using a branch-trace mechanism, the program trace feature collects the information to trace program execution.
For example, the branch-trace mechanism takes into account how many sequential instructions the processor has
executed since the last taken branch or exception. Then the debugging tool can interpolate the instruction trace
for sequential instructions from a local image of program memory contents. In this way, the debugging tool can
reconstruct the full program flow. Self modifying code cannot be traced due to this concept.

Nexus trace implements internal FIFO buffer, which keeps the data in the pipe when the Nexus port bandwidth
requirements are greater than capabilities. FIFO is heavily used when the application sequentially accesses data,
which yields heavy trace port traffic through a narrow Nexus port.

Note that only transmitted addresses (messages) contain relatively (time of message, not of execution) valid time
stamp information. All CPU cycles being reconstructed by the debugger relying on code image and inserted
between the recorded addresses, do not contain valid time information. Any interpolation with the recorded
addresses containing valid time stamp would be misleading for the user. Thereby, more frames displayed in the
trace window contain the same time stamp value.

Data Trace

Data trace is used to track real-time data accesses to device specific internal peripheral and memory locations by
specifying a start and stop address with read or write access (the MPC55xx supports two such qualifier areas).

Transmitted information about the memory access cannot be compressed fundamentally since each memory
access is distinctive and not predictable. Errors in the trace window appear when the CPU executes too many

© iISYSTEM, February 2012 2/39



data accesses in a short period. These yield numerous Nexus messages, which cannot be sent out through the
narrow Nexus port to the external development system on time and an internal data message FIFO overflow is
reported in the trace window. Consequentially, it’s highly recommended to configure on-chip message control
(qualifier) to restrict data trace recording only to data areas of interest to minimize possible overflows.
Program and data trace messages are not ordered in time. Since the data trace has precedence over the program
trace, a number of data messages is recorded before the actual instruction (block of instructions between two
branches, or sync) is recorded that caused the data accesses. No reordering is done by the debugger since it
would be highly speculative and cannot be guaranteed to be valid, unless the messages would contain a time-
stamp. Unfortunately, this is not realized in the MPC5500 Nexus implementation.

Ownership Trace

Ownership trace is based on ownership trace messaging (OTM). OTM facilitates ownership trace by providing
visibility of which process ID or operating system task is activated. In practice, an operating system writes to the
process 1D register (PID0), which yields an ownership trace message for every write. Then it’s up to the data
profiler to record these messages and display the task activities (task profiler).

Nexus Class 3+ Trace Features (iC5000 & iTRACE GT):

e  External trace buffer

e Program, Data and OTM Trace for €200 core

e Program, Data and OTM Trace for eTPUL and eTPU2
e Datatrace for eDMA

e Data trace for FlexRay (MPC5567)

e Advanced external trigger and qualifier

e Time Stamps

e AUX inputs

e  Profiler

e  Execution Coverage
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2 Nexus Trace Configuration

Default winIDEA instance allows debugging and tracing the primary €200 core. In case of a second core, another
winIDEA instance is open from the Debug/Core in order to debug and trace the 2nd €200 core.

Analyzer window is open from the View menu.

Refer to a separate document titled Analyzer User’s Manual for more details on general handling & configuring
the analyzer window and its use. Only MPC5xxx Nexus L3+ specifics are explained in this document.

A detailed and exhaustive explanation on how the Nexus trace works and the meaning and purpose of all
Nexus options, which are found in the Nexus configuration dialogs within winlIDEA, can be found in the
individual Core Reference Manual. Identify the core inside of your microcontroller and then refer to the
belonging Core Reference Manual, which can be typically found at and downloaded from the
semiconductor vendor web site. Some information may also be found in the Microcontroller Reference
Manual of a specific microcontroller.

2.1 e200 Nexus Trace Configuration

2.1.1 Record everything

This configuration is used to record the contiguous program flow either from the application start or up to the
moment when the application stops.

The trace can start recording on the initial program start from the reset or after resuming the program from the
breakpoint location. The trace records and displays program flow from the start until the trace buffer fulfills.

This is the default mode when a new analyzer .trd file is created.

Buffer Size

This setting defines a maximum analyzer file size. The analyzer stops collecting Nexus trace information when
this limit is exceeded.

Note that this setting is not correlated to the physical trace buffer of the HW debug tool by any means. The
actual analyzer physical buffer size is limited by the debug tool. For instance, if the debug tool is capable of
recording 512KB of the Nexus trace information only, limiting analyzer file size to 1MB poses no restriction at
all. However, if the user finds just a small portion of the analyzer record (e.g. 16kB) being of interest and
requires a swift analyzer window handling, it makes sense limiting the analyzer files size to 16kB. In this case,
just a belonging portion of the complete analyzer physical buffer is required and used.

2.1.2 Trace Trigger

This trace operation mode is used, when it’s required to trace the application around a particular event or when
only some parts of program or data have to be recorded.

Create a new Trace Trigger in the Analyzer window.

Trigger

Note: There is a single Trigger dialog which covers all different devices, which also feature different set of
on-chip debug resources. Based on the selected CPU, only supported settings in the dialog are enabled and
others are disabled.

The same on-chip debug resources are shared among €200 hardware execution breakpoints, €200 access
breakpoints and e200 on-chip trace trigger. Consequentially, debug resources used by one debug functionality
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are not available for the other two debug functionalities. In practice this would mean that no trace trigger can be
set for instance on instruction address, when four execution breakpoints are set already.

Trigger

Trace can trigger immediately after the trace is started or can trigger on one or more watchpoints (debug events),
which occur while the target application is running. Trigger watchpoints can be IAC1-1AC8, DAC1-DAC2,
CNT1-CNT2 and are described next.

Instruction

Up to 8 watchpoints (IAC1-1AC8) can be configured to trigger on executed instruction address (program counter
match). Eight address matches, four address in/out range matches or four address matches where address can be
additionally masked, can be configured.

Devices based on €200z4 and e200z7 cores feature eight instruction watchpoints (IAC1-1AC8) while majority of
devices feature four instruction watchpoints (IAC1-1AC4).

Data

Two watchpoints (DAC1, DAC?2) can be configured to trigger on accessed data address. Besides the access type,
two address matches, one data address in/out range match or one address match where address can be
additionally masked, can be configured.

When ‘Link to’ option is checked, configured data access is further conditional on instruction defined by
IAC1/1AC3 watchpoint. In practice, the user can restrict trigger on data access caused by an explicit instruction.

ﬂ
Recorder Trigger | eDMA | AUX Card |
— Trigger
1AC DAC  |CNT
[ immedatey T TET
[" Instruction Address - Data Address Access  Linkto Valug Mode  Size Value (HEX) Byte enable
u- LT Enreesez [ o | | e Ll == e [ RRRRRRRE
Combination
I~ 1ac2 I Jlnune ﬂ " Ertiie object  Combine Innne 'I
I~ pac2 | _|[fo = T 1sca [ssbled 7] [Auto ] [0 FEFFFFF R
I~ 1ac3 J ™| Entirz ahiect
Combination ~ Courter Data Value Mode
iacs | .| [rone | Counton Count Start on Al all enabled bytes match |
[~ CNT1 ||_;.:] =l o I_;n._. =l Ay any enabled byt matches
- Hatfword: all enabled bytes within at least one of the halfwords of the
™ 1AC5 Jl_ Entirz abjest I™ | 32-45it Counter E,W‘-:;E:I% $aich A
Combination -8y enal & doesnt m
I 1acs I Jlnnne j [~ CNT2 [I1AC1 e IZ Al NOT: all enabled bytes dont match ;I
r~ Disable Everts Data Value Size
I™| Entire abijest
I 1ac7 J Combr\:ﬂ::n = ™ Debug Mode ¥ NewPID ™ TLBIVAX Auto: uses the size of the specified object. Value and Byte enable are ;I
r [~ Low Power Mode ™ Branch and Lint [~ VLE Entry adjusted according to address and size.
ace | I | R [~ Tracs Disable [ TLBWE I~ VLE Bxt <
~ Nexus FIFO Control Record St Stop ¥ Data Message Control 1 —I~ Message Control 2 - Message Control 32—~ Message Control 4
™ stallcPy
ol Teehod  [72 7] W DaiZ  [imedately | .| [never =] .|| | Fom [moooooooo .| [Em0000000 .| 0000000 .| [Bbo00000:
@ A ™ Entire Object I” | Ertirz Object ™| Ertirz Dbject ™| Ertire Dhject
I Suppress Data Trace rogram [ mmedatey ]| | [never =] || | [ecrrrrrre || [BFFrrrees || [BefFeRreer | [BFFRReRRE L |
™ Suppress Program Trace Type IBranch Higtory Messages j
™ Suppress OTM Trace Range IInside j IInsi-:Ie j Ihm-:le j I\ne\-:la j
™ Suppress Watchpaint Trace ™ otm I Generate periodic OTM
™ Suppress DQM Watchpoirts Im_l Access IDaﬁ j I[iala j I[iata j I[:ata j
Suppress Threshold |3f4 - ™ oam Cantrol IRW ﬂ IF"&' j IF"".' j IF!‘.'.' j

Vs Wizard... | 0 crosts Template... | 0K | Cancel |  Hep |

Trigger tab in the Trace Trigger Configuration dialog

Counter

Debug module features two 16-bit counters CNT1 and CNT2 which can be configured to operate independently
or can be concatenated into a single 32-bit counter. Each counter can be configured to count down when one or
more count-enabled events occur (IAC1-1AC4, DAC1-DAC?2). When the count value reaches zero, a debug
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event is generated. First counter (CNT1) can have additionally a start condition which can be IAC1, IAC3,
DAC1 or CNT2 event.

Disable Events

Messages generated by certain events (Debug Mode, Low Power Mode, Trace Disable, New PID, Branch and
Link, TLBWE, TLBIVAX, VLE Entry, VLE EXxit) can be disabled in order to minimize total amount of
generated Nexus messages.

Note: These options are available 0 €200z4 and €200z7 cores and per default they are unchecked.

The on-chip Nexus module has a limited amount of nexus messages, which can be broadcasted over the Nexus
port in certain time frame without a loss of Nexus information. An overrun Nexus message is reported when the
maximum bandwidth is exceeded.

Refer to the belonging Core Reference Manual for more details on these options.

Program Trace

Program trace is enabled by default. Most often setting for the Start is ‘immediately’ and for the ‘End” is
‘never’. However, user can select any of the previously described watchpoints to act as Start or End condition on
match.

There are two types of messages, which can be used for the Nexus program trace protocol. ‘Individual Branch
Messages’ yield more information about program execution than the ‘Branch History Messages’ setting. Major
advantage of the ‘Individual Branch Messages’ setting is more accurate time information but it requires more
Nexus port bandwidth, which means that the Nexus trace is more subject to the overflows, which are depicted in
the trace window when they occur. In case of overflows, program reconstruction in the trace window resumes
with next valid Nexus trace message.

Data Trace

Enable data trace when it’s required to record data accesses besides the program.

Default setting for the Start is ‘immediately’ and for the ‘End’ is ‘never’. However, mind that the trace may start
displaying errors due to the data trace enabled. Depending on the application, Nexus trace can output a huge
amount of access addresses and access data which in worst case yield internal data message FIFO overflows due
to a limited Nexus port bandwidth. Then also program path reconstruction fails.

To stay away from the possible overflows, the user should use watchpoints, which can be used as data trace Start
or End condition on match and/or Message Control, which allows defining two data windows. This minimizes
the number of data messages to be sent through the Nexus port.

Message Control 1-4 define four independent data address ranges. Valid condition can be either address in range
or outside of range. Nexus trace can record Instruction access data and Data access data (default). Tracing can be
further restricted to Read/Write, Read or Write accesses only.

Note: Devices based on €200z4 and €200z7 cores feature four Message Controls (1-4) while majority of devices
feature two Message Controls (1-2)

OTM Trace

Enable OTM check box, when 8-bit writes to the process ID register should be recorded.

Generate periodic OTM

Periodically, once every 256 messages, the most recent state of the PIDO register is messaged out when this
option is checked.
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Watchpoints

Per default all watchpoints are generated and recorded. If there are custom requirements, the user can configure
either ‘no watchpoints are generated’ or selects specific watchpoints to be generated and recorded.

Watchpoints x|

™ pmci [T oevnT2 [ IRPT [T oevwto [~ IACS ™ paci ™ 1ac1
™ pmc2 [T oeEvwT3 [ RET [T oewnTt [ IACS [ pacz [ 1ac2
™ PMC3 Memevwt I crer [ 1ACT Moevrr M oowty [ 1Ac3

™ emco [ creT [ 1acs Moevr2 [T oowtz [ 1acs

Cancel |

DQM Trace

Data acquisition trace provides a convenient and flexible mechanism for the debugger to observe the
architectural state of the core through software instrumentation.

For DQM, a dedicated 32-bit SPR has been allocated (DDAM). It is expected that the general case is to
instrument the software and use mtspr operations to generate Data Acquisition Messages.

Nexus FIFO Control

The Overrun Control register (OVCR) controls the Nexus behavior as the message queue fills. The Nexus block
may be programmed to:

e Allow the queue to overflow, drain the contents, queue an overrun error message and resume tracing.
e  Stall the processor when the queue utilization reaches the selected threshold.
e  Suppress selected message types when the queue utilization reaches the selected threshold

By default, Nexus block is configured for the first type of operation (stalling & suppression disabled), where an
overrun condition is possible but the program execution time is not affected by any means.

Stall CPU

In this mode, processor instruction issue is stalled when the queue utilization reaches the selected threshold. The
processor is stalled long enough to drop one threshold level below the level which triggered the stall. 4, %, or %
Stall Threshold can be selected.

Message Suppression

In this mode, the message queue will disable selected messages types when the queue initialization reaches the
selected threshold. This allows lower bandwidth tracing to continue (e.g. program trace) and possibly avoid an
overrun condition. Once triggered, message suppression will remain in effect until queue utilization drops to the
threshold below the level selected to trigger suppression.

Data Trace, Program Trace, OTM Trace, Watchpoint Trace and DQM Trace messages can be individually
suppressed by checking the individual option. Y, Y4, or % Suppress Threshold can be selected.
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2.2 eDMA Nexus Trace Configuration

eDMA trace is configured in the eDMA pane in the Trace dialog.

Note: eDMA trace is not available on all microcontrollers. eDMA trace is available only when the ‘Nexus’ trace
type is selected in the ‘Hardware/Analyzer Setup” dialog. eDMA trace cannot be used in conjunction with
iSYSTEM Nexus RTR technology.

Trigger

Trigger options specify how the eDMA trace is triggered. The trace can be triggered immediately or by one of
the two eDMA watchpoints.

Data

Two eDMA watchpoints (WP1, WP2) can be defined and can be used either for the trigger or data trace
start/end. Address and access type can be defined for each watchpoint.

Trigger - [Trigger 0]

Trigger =DMA |AU>< Eardl

— Trigger
™ Imrnediately

 Data

Address Access
VWP [HiCourter L rw =]
™ wez | L [rw =l
— Data Trace
[ Enabled
Start Iimmediately 'l
End Inever 'l

v Message Contral 1 T Mezzage Contal 2—

Fom  [oa00000000 | | [Beooooooon |
™ Ertire Object = e
To [oxFrrrrrrr L] | [oFEeeeeeE L

Range I Inzide j I Inzide d
Cortral I Fi j I = j

Wizard... | Ok I Cancel Help

eDMA Trace Configuration dialog

Data trace

First, eDMA trace must be globally enabled by checking the ‘Enabled’ option.

Next, the user must set the data trace start and end condition. Trace can be started immediately or by means of
one of the watchpoints. The same goes for the trace stopping — the trace can be set to never stop or when one of
the watchpoints is reached.
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Two eDMA data address ranges (Message Control 1 & 2) can be defined in order to optimize the amount of the
eDMA trace messages on the Nexus port. The user should use them in order to avoid or to keep at minimum
possible internal message FIFO overflows due to limited Nexus port bandwidth. eDMA data accesses that fall
within the Message Control 1 and/or Message Control 2 window, are output only.

2.3 FlexRay Nexus Trace Configuration

FlexRay Trace is configured in the FlexRay pane in the Trace dialog. FlexRay trace is supported only on
MPC5500 devices featuring the FlexRay module (e.g. MPC5567).

Note: FlexRay trace is available only when the ‘Nexus’ trace type is selected in the ‘Hardware/Analyzer Setup’
dialog. FlexRay trace cannot be used in conjunction with iISYSTEM Nexus RTR technology.

Trigger

Trigger options specify how the FlexRay trace is triggered. The trace can be triggered immediately or by one of
the two FlexRay watchpoints.

Trigger - [Trigger 0]

Trigger | eDMa FlesRap | AL Card

— Trgger

Address Access
™ wel | L[rw =]
I wez | R =]
 Data Trace
¥ Enabled
Start Iimmediately 'I
End Inever 'I
— ¥ Message Controll—— T Message Contral 2—
From  [ox00000000 | | [BRDT |
" Entire Dbject I= | Etitire ([hject
Ta [osrrrrrrr [ | [osFRRRRRRE. L

Range I Inzide j I Inzide j
Contral IWH j I [=m] j

Wizard... | ak I Cancel Help

FlexRay Trace Configuration dialog

Data

Two FlexRay watchpoints (WP1, WP2) can be defined and can be used either for the trigger or data trace
start/end condition. Address and access type can be defined for each watchpoint.
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Data trace

First, FlexRay trace must be globally enabled by checking the ‘Enabled’ option.

Next, the user must set the data trace Start and End condition. Trace can be started immediately or by means of
one of the watchpoints. The same goes for the trace stopping — the trace can be set to never stop or when one of
the watchpoints is reached.

Two FlexRay data address ranges (Message Control 1 & 2) can be defined in order to optimize the amount of the
FlexRay trace messages on the Nexus port. The user should use them in order to avoid or to keep at minimum
possible internal message FIFO overflows due to limited Nexus port bandwidth. Only FlexRay data accesses that
fall within the Message Control 1 and/or Message Control 2 window are output only.

2.4 eTPU Nexus Trace Configuration

eTPU Trace is based on messages and features program trace, data trace and ownership trace.

Program trace is based on branch trace messaging, which displays program flow discontinuities (start, jump,
return, etc.) allowing the development tool to interpolate what transpires between the discontinuities. Thus static
code may be traced only.

Data trace allows tracing reads and writes to selected shared parameter RAM (SPRAM) address ranges.
Ownership trace provides visibility of which channel is being serviced. An ownership trace message is
transmitted to indicate when a new channel service request is scheduled, allowing the development tools to trace
task flow. A special OTM is sent when the engine enters in idle, meaning that all requests were serviced and no
new requests are yet scheduled.

The eTPU1 and eTPU2 module are debugged each in a separate winIDEA session. Refer to Freescale MPC5500
Family On-Chip Emulation technical notes document for more details on the eTPU debugging. e TPU Nexus
Trace is open from View/Trace, assuming that the eTPU winIDEA debug session is set up and active.

Both eTPU engines have their own Nexus register sets that allows trace to be set up independently for each of
them. The only exception to this is the data trace address range registers that are shared. Refer to the Nexus Dual
eTPU Development Interface chapter in the eTPU Reference Manual for more details on the eTPU trigger and
qualifier settings and the eTPU trace in general.

Note: The same on-chip debug resources are shared among eTPU hardware execution breakpoints, eTPU access
breakpoints and eTPU on-chip trace trigger. Consequentially, debug resources used by one debug functionality

are not available for the other two debug functionalities. In practice this would mean that no trace trigger can be
set for instance on instruction address, when hardware execution breakpoints are set already, etc.

Trigger

Trigger options specify how the eTPU trace is triggered. The trace can trigger immediately or on:
e eTPU watchpoint 1 (WP1) occurrence
e eTPU watchpoint 2 (WP1) occurrence
e channel register write occurrence
e host service request occurrence
e on link register occurrence

e on match recognition request
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e on transition detect request

All seven trigger conditions can be limited to a specific serviced channel. If serviced channel information is to be
ignored, 0 should be written for the service channel mask.

Trace
Trigger | Qualifer | ALK Card |
— Trigger . .
e Bulfer Size IMinimum vI ™| Eontinuous mede
r Irnediately v Trigger Position ICEnte[ vI Time Stamp ITime j‘
Operation Aocess type— Address ——— AddiMask — Data ————Byte mask out— Service Chan./ Mazk—
WP 1 [SPRAM addess =] [RD x| [itert (] [FFFF e [0 HEx TCEE [0 Hex [0 HEX
WP 2 [disabled =l [re =] .| [FFFF HEx [0 HEx M [0 HEx [0 HEX
— Trigger On Service Chan.d Mask—;
[" Channel register write I Link service request [ Transition detect request IEI_HEX 0 HE=
[~ Host service request ™ Match recognition request
(] Cancel Help

eTPU Trigger Configuration

Watchpoints

Two watchpoints (WP1, WP2) can be defined and used for the trigger and the qualifier. The '‘Operation' combo
box selects whether address and/or data matching is done and if matching is done on data fetches or instruction
fetches. Access Type can be read, write or read/write. Address can be masked. Address Mask OxFFFF considers
all the bits in the address while 0x0 masks all address bits. When Data is used for the watchpoint, individual byte
within 32-bit value can be masked (Byte mask out). Lastly, 5-bit service channel must be specified for the
watchpoint, which can be also masked (when a mask bit is 0 that bit is not compared for masking).

Qualifier
Trace
Trigger  Gualifier |AU>< Eardl
— ¥ Program Trace—1 | Record all 1 | DataTrace T | Fecodal————
Start IWF"I LI Start |WF'2 LI
End Inever ;I End Inever ;I
i~ Charinel -~ Data Trace Control ——————————— COC Data Trace Control
CHO V¥ VIV v VIV v CHY w0 [disabled | [inside -] Wi [disabled ] [imside =]
cﬁ:g :; :; :; :; :; :; :;:; 5:123 wi |wR | |Ouside | W1 |disabled =] |inside =]
CH24 ¥ v ¥ ¥ ¥ ¥ ¥ ¥ CH3t W2 |dsabled | [inside =] W2 |disabled =] [inside =]
Setdll | Clearal | w3 [dsabed <] [insde <] W3 [disabled v]  [irsice =]
— window 0 findow 1 window 2 “wiindow 3
se || s | s | sl |
e[ || ed[ | ed[ | ea[ |

Ok I Cancel | Help |

eTPU Qualifier Configuration
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Qualifier should be used with sense in order to prevent or at least minimize the eTPU trace overflows on the
Nexus port. Depending on the application and the eTPU trace settings, the on-chip eTPU trace module can
generate more messages than it is capable to send out externally over the Nexus port without loss. In general, the
user should strive after the settings, which generates minimum traffic on the Nexus port while still displaying the
relevant information on eTPU activities.

Program Trace

By default, program trace is configured to trace all the program activity. However, the program trace information
can be limited by defining start and end condition or by focusing program trace on one or more active eTPU
channels only. See an explanation for the available Start and End events in the Trigger section.

Data Trace

Four data trace windows with programmable address ranges and access attributes are provided. Data trace
windowing reduces the requirement on the Nexus port bandwidth by constraining the number of trace locations.
The four trace window address ranges are shared among the dual engines and the eTPU coherent dual-parameter
controller (CDC). Besides the four data trace windows, number of trace locations can be additionally limited
through the data trace Start and End condition.

Ownership Trace

Check the option when ownership trace messages need to be traced.
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3 €200 Nexus Trace Examples

3.1 Nexus

Following examples show some of the capabilities of the Nexus trace port.
Select ‘Nexus’ in the ‘Hardware/Analyzer Setup’ dialog.

Default trace configuration is used to record the continuous program flow either from the program start on or up
to the moment, when the program stops.

The trace can start recording on the initial program start from the reset or after resuming the program from the
breakpoint location. The trace records and displays program flow from the start until the trace buffer fulfills.

As an alternative, the trace can stop recording on a program stop. ‘Continuous mode’ allows roll over of the trace
buffer, which results in the trace recording up to the moment when the application stops. In practice, the trace
displays the program flow just before the program stops, for instance, due to a breakpoint hit or due to a stop
debug command issued by the user.

Example: The application behavior needs to be analyzed without any intrusion on the CPU execution. The trace
should display program execution just before the CPU is stopped by debug stop command.

e Use ‘Record everything’ operation type in the ‘Analyzer’ window and make sure that ‘Continuous
mode’ is configured to ensure that the trace buffer rolls over while recording the running program. The
trace will stop as soon as the CPU is stopped. Note that this ‘Record everything’ operation type always
apply for the €200 trace.

x

Hardware |

Property | Walue
B Recorder

inmecissly |

Buffer Size ImmediateE

Start
Select sampling starting point .
In continuous mode sampling will be active until CPU is stopped.

oK I Cancel Apply Help
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e Define reasonable buffer size depending on the required depth of the trace record. Have in mind that a
smaller buffer uploads faster. You can start with e.g. 128kB.

With these settings, the trace records program execution as long as it’s running. As soon as the program is
stopped, the trace stops recording and displays the results.

Following examples describe configuring trace to trigger on a specific function being executed or to record
specific variable data accesses.

The “‘On trigger break execution’ option in the “Trace Configuration” dialog should be checked when it’s
required to stop the program on a trigger event.

Example: Trace starts recording after Type Struct function is called for the fifth time.
e Create new Trace Trigger in the Analyzer window.
e Enable Instruction IAC1 watchpoint and specify Type Struct for the Address.

e Enable CNTI counter, select IAC1 watchpoint for ‘Count on’ event, set 5 for ‘Counter’ and keep ‘Start
on’ set to ‘Any’.

e Enable Data Trace and keep default configured Message Control 1
e Set Trigger on CNT1 debug event.

The trace is configured. Following picture depicts current trace settings. Initialize the complete system, start the
trace and run the program.

Trigger - [Trigger 2] [ %}

Recorder Trigger | eDMAI

— Trigger
180 W W [~ Ensble OTM Trace ¥ Fecord W atchpaints
[ Immediately T T M [~ Stall CPU on Mexus FIFD averflow
— Instruchon — Data =
Address Address Contral  Linkto  “alueMode  Walue [HEX) Byte enable
W 1801 [Type_traps = I~ Daci | | [Fo =] T 4c1 [dsabied =] 0 FFRFF
Combination I MHone - l Combination INgne - I
= Erttire object I” Eritire ohiect
mee2 | ||| T ooac2] | [Fo =] T wes [dsabies < 8 FRFF
 Courter [ata ' alue Mode
[ 1sC3 I J Court on Count Start on All: when all enabled bytes match ;I
e W CMT1 ~| |5 -
Combinatioh INDne vl M IIAC1 J I I'ﬁm}| J Any: when any enabled byte matches
i i [ 32-bit Counter
™ Ertire objeot Halfward: whet all enabled byptes within
e | | ootz it =] o at least one of the halfwords of the
access match
— Program Trace — Data Trace Ay NOT: when any enabled byte
ird EnabledIBranch History Messages j [~ Enabled doesn't match
- " - - " - Al MHOT: when all enabled bytes don't
Start ||mmed|ale|_l,l J Start ||mmed|ale|_l,l J match Y
Stop Inever ﬂ Stop Inever ﬂ j
=¥ tessage Contioll—————— 17 WMessage Contral 2—
From  [0x00000000 | | [G:00000000 |
I~ Entire [0 bject [ Entire [Dbject
To [oFrrrrrrr | | JosFFRRFFFE
Range Ilnside j IInside j
Access I Data j I Data j
Contol ~ |Fw | [Rus =l

rd ‘wizard.., | [1]8 I Cancel | Help |
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Let’s inspect the results. Trigger point can be found around frame 0 and marked as ‘Watchpoint’ in the Content
bus.

Don’t forget that recorded instruction and belonging data access are not recorded in expected time order. This
applies for all data access records. Belonging instruction is recorded and visible much later (e.g. 25 frames) after

the data access was recorded. . This happens due to the Nexus concept, which immediately broadcasts data
messages, while instruction messages are usually sent in blocks.

Instruction
Instruction
Instruction

Instruction

Instruction

Instruction
Instruction

Instruction

Instruction

Example: Trace monitors the value of iCounter variable while the application is running.
e  Create new Trace Trigger in the Analyzer window.
e Set ‘Immediately’ for the Trigger
e Enable Data Trace and configure Message Control 1 for i Counter data accesses only. Select
iCounter address and check ‘Entire Object’ range option. The debugger will determine and configure

range end address based on the size of the variable.

The trace is configured. Following picture depicts current trace settings.
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Trigger - [Trigger 2]
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Stop |never j Stop Inever j LI
¥ Message Control 1 1 Message Control 2—
From  [HiCounter .| | [oso0000000 .|
E I Entire Ohiject
Ta [oFrrrrrrr | | [oFFRRFRFE
Range IInside j IInside j
Access I Data j I Data j
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P Wizard.. | 0K | Cancel | Heb

Initialize the complete system, start the trace and run the program. The trace records all writes to iCounter

variable.
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Time difference between two consecutive data write accesses can be measured using markers. In this particular
case, the time difference is 110,988 us.

3.2 Nexus RTR

iTRACE GT development system offers some advanced trace features, which are based on iISYSTEM Nexus
RTR technology. Nexus RTR is restricted to the €200 program execution bus and default Power ISA instruction
set (e.g. MPC555x). VLE instruction set is not supported, which means none of the Freescale MPC56xx or
ST SPC56 devices are supported.

o 3-Level Trigger

e  Unlimited Qualifier

e  Watchdog Trigger

e Duration Tracker

‘Nexus RTR’ must be selected in the Hardware/Analyzer Setup dialog to use these extra features.

Note: Nexus RTR is implemented on iTRACE GT only for 12-bit MDO (Nexus port) implementation only.
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Analyzer Setup x|

Operation |
— Analyzer
Operation mode Mexus RTR j
~ Execution Coverage
Operation mode IReaI time j
Buffer size I 1 j
Cyde duration I Ons

On Trigger Stop CPU [

isclaimer: due to On-Chip and RTR. pipelines, recorded
times do not exactly match CPU core execution timings

QK I Cancel Help

3-Level Trigger

On-chip Nexus resources don’t support two or more level triggers, which might be a showstopper sometimes.
The iISYSTEM development system offers 3-level trigger applicable to the instruction bus. Events A, B and C
can be logically combined in numerous ways, including counter n for B event. All three events can be one or

more instruction address matches or ranges. A 2-level trigger example can be found in next Qualifier chapter.

— Trigger

I.-’-'-.n_l,lthing j
A

nE

AarnB

A and nB

& then n"B
AarnBaol
|4 and B and C B
& or [n"B and C)
A then n"B then C
A then n™B) or C
[ then [W*B or C] ||
[& or n*B] then C

[& and n"B] then C
A-»B duration tracker
.-:-‘-:n_l,lthing_

Qualifier

Filter is equivalent term to the Qualifier. To make the most of the trace buffer limited in depth, a qualifier (filter)
can be used, which allows the trace to record only CPU events matching the qualifier condition(s) and thus
saving memory space for important information only. Typically, ‘Q Event* selection is used when using qualifier
and can be configured for one or more instruction address matches or ranges.
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—Qualifier

Q Event j

Q Event
CandQ
CorQ

0 between B,C events
BorCorQ

|A or B or Cor O

A so called Pre/Post Qualifier is available besides the prime qualifier. Pre Qualifier can record up to 8 CPU

cycles before the qualifier event and Post Qualifier up to 8 CPU cycles after the qualifier event.

— Qualifier

IQ Event j

Record

i vI samples before
a 'I samples after

Thereby, the qualifier can be configured in a standard way and then additionally up to 8 CPU cycles can be
recorded before and/or after the qualifier. For instance, this allows recording of a function or just its entry point
and few instructions recorded before make possible to determine, which code (e.g. function) actually called the

inspected function.

Next example demonstrates 2-Level Trigger, Qualifier and Pre Qualifier use.

Example: Let’s record Func3 execution after the Type Pointers function is executed and then 4-times

Type_ Enum function is called.

e Create new Trace Trigger in the Analyzer window and open ‘Trigger and Qualifier Configuration’

dialog.

e Select ‘A then n*B’ for the trigger condition, specify Type Pointers for the event A address,

Type Enum for the event B address and set B counter to 4. Don’t forget to set Control bus to

‘Executed’ for both, A and B events.

e Next select ‘Q Event’ for the Qualifier. Specify Func3 for the Q event address and don’t forget to
‘Check entire object range’ option. By doing so, the debugger will extract the size of the Func3 and
configure address range end address accordingly.

© iISYSTEM, February 2012

20/39



Trace Address ltem
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]
Erarp... I IFur'n::3
__Cancel |

[¥ Cover entire object range Cancel
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1 Mask
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e Finally, configure ‘Record 4 samples before Qualifier’ in the Qualifier filed.

Following picture depicts current trace settings.

Trigger - [New Item] il

Recorder Trigger and Qualifier | ALY Card I

r Trigger r A
IA then n*B j Address || pata | .| control L] Aux |
Type_Pointers EXECUTE

Pasition I v|
™| i Time: = |
] &y Time = I

™ Watchdog |
Address | | Data | | Control | | ALY | |

Type_Enum EXECUTE

L

Address | |pata__|.| contral || aux |

Qualifier -Q Auto Qualifier on all function entries and exits |

[QEvent =] | | Address || paa__|.| contrl | aux

Func3 (size) EXECUTE

Record

4 vl samples before

0 j samples after

Ve Wizard ... oK I Cancel Help

Initialize the complete system, start the trace and run the program. Following picture shows the trace record.
Green colored line depicts Func3 entry point and yellow colored line Func3 exit point.
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The user is able to determine which code actually called each Func3 function by clicking on any of four lines
before Func3 entry point.

Exec

Executed

59| 00000044 4ES000Z0|Funcs EXIT 18.910075 m=s
AES00020 blr
Executed

Example: Let’s use the trace to measure the time between the ResetStrX interrupt routine calls.

o Create new Trace Trigger in the Analyzer window and open ‘Trigger and Qualifier Configuration’
dialog.

e Select ‘Anything’ for the trigger condition, specify Q Event for the Qualifier and then define the Q
event.

Following picture depicts current trace settings.
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Trigger - [New Ttem]

J Vi, Tire: =
J Maz Time =

i

[T

S e g
ResetSiry

Initialize the complete system, start the trace and run the program. Following picture shows the trace record.
Time between two consecutive function calls can be easily measured by selecting ‘Relative time’ from the trace
window local menu.

Executed

Executed

I
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Watchdog Trigger

A standard trigger condition, logically combined from events A, B and C, is not used to trigger directly the trace,
but it’s responsible for keeping a free running trace watchdog timer from timing out. The trace watchdog time-
out is adjustable.

When the trace watchdog timer times out, the trace triggers and optionally stops the application. The problematic
code can be found by inspecting the program flow in the trace history.

Usage

If the application being debugged features a watchdog timer, the trace watchdog trigger can be used to trap the
situations when the application watchdog timer times out and resets the system.

While the application executes predictably, it periodically calls watchdog reset routine, which resets the
watchdog timer before it times out. In case of an external watchdog timer being serviced (refreshed) by the target
signal, the external trace input (AUX) can be configured instead of a routine call.

Time-out period of the trace watchdog timer must be less than the period of the application watchdog so the trace
can trigger and record CPU behavior before the application watchdog times out and resets the system.

Configuring Watchdog Trigger

The user needs to enter the trace watchdog time-out period and define the “trace watchdog reset” condition,
which can be logically combined from events A, B and C.

e  Check the “Watchdog’ option and specify the time-out period in the ‘Trigger’ field in the ‘Trigger and
Qualifier Configuration’ dialog.

— Trigger
| =
Position |Eenter 'I
™| it Time. < I
| b 5w e = I

¥ watchdog |2_ 3]

Trigger field

e Next, define the “trace watchdog reset” condition. Typically, only event A is selected for the “trace
watchdog reset” condition and then e.g. a reset watchdog routine, resetting the watchdog, is configured
for the event A. Of course, a more complex condition can be set up instead of the event A only.
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— Trigger

I.ﬂ-.n_l,lthing j
s |
n'B

A orn'B

A and n"B

A then n'B
AoarnBorC

A and n"B and C

A ar [n"B and C]

& then n*B then C
A thenn™Blar C
& then [n"B or C]

[ or "Bl then C

[& and n*B] then C
A-»B duration tracker
.-:f-:n_l,lthing_

Trigger conditions

Example: Target application features on-chip COP watchdog, which enables the user to check that a program is
running and sequencing properly. When the COP is being used, software is responsible for keeping a free
running watchdog timer from timing out. If the watchdog timer times out it’s an indication that the software is no
longer being executed in the intended sequence; thus a system reset is initiated.

When COP is enabled, the program must call Re freshCOP routine during the selected time-out period. Once

this is done, the internal COP counter resets to the start of a new time-out period. If the program fails to do this,
the part will reset. The COP timer time-out period is 890 ps in this particular example. It may vary between the
applications since it’s configurable. The watchdog timer is reset within 800 us during the normal program flow.

The trace is going to be configured to trap COP time out before it initiates a system reset. The user can find the
code where the program misbehaves in the trace history.

e Create new Trace Trigger in the Analyzer window and open ‘Trigger and Qualifier Configuration’
dialog.

e Select ‘A’ for the trigger condition, check the ‘Watchdog’ option and enter 840 ps for the trace
watchdog timer time-out period.

e Specify RefreshCOP function call for an event A (reset sequence). Don’t forget to select ‘Executed’
for the Control bus.

Below picture depicts current trace settings.
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Qualifier 0
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While the application operates correctly, the trace never triggers. The trace triggers when the application
misbehaves, that is when Re freshCOP is no longer called within 840 us, and record the program behavior
before that. The user can find out why the watchdog wasn’t serviced by analyzing the trace record.

If longer trace history is required, select medium or maximum trace buffer size and position the trace trigger at
the end of the trace buffer.

Example: The application features (external) target watchdog timer, which is normally periodically reset every
15 ms by the WDT_RESET target signal.

The trace needs to be configured to trap the target watchdog timer time out before it initiates a system reset Then
the user can find the code where the program misbehaves using the trace history.

The WDT_RESET target signal is connected to one of the available external trace inputs (e.g. AUXO0). Refer to
the hardware reference document delivered beside the emulation system to obtain more details on locating and
connecting the AUX inputs.

e Create new Trace Trigger in the Analyzer window and open ‘Trigger and Qualifier Configuration’
dialog.

e Select ‘A’ for the trigger condition, check ‘Watchdog’ option and enter 14 ms for the trace watchdog
timer time-out period.

e Configure AUXO0=1 for the event A.

© iISYSTEM, February 2012 26/39



The trace will trigger as soon as the target WDT_RESET signal stops resetting the target watchdog within 14 ms
period. Below picture depicts current trace settings.

Trigger - [New Item] il
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Ve Wizard ... oK I Cancel Help

While the application operates correctly, the trace never triggers. The trace triggers when the application
misbehaves, that is when Re freshCOP is no longer called within 840 us, and record the program behavior
before that. The user can find out why the watchdog wasn’t serviced by analyzing the trace record.

If longer trace history is required, select medium or maximum trace buffer size and position the trace trigger at
the end of the trace buffer.

Duration Tracker

The duration tracker measures the time that the CPU spends executing a part of the application constrained by
the event A as a start point and the event B as an end point. Typically, a function or an interrupt routine is an
object of interest and thereby constrained by events A and B. However, it can be any part of the program flow
constrained by events A and B.

Both events can be defined independently as an instruction fetch from the specific address or an active trace
auxiliary (AUX) signal.
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Trigger field

Duration Tracker provides following information for the analyzed object:

e  Minimum time

e  Maximum time

e  Average time

e Current time

e Number of hits

e Total profiled object time

e Total CPU time
Duration tracker results are updated on the fly without intrusion on the program execution. The duration tracker
can trigger when the elapsed time between events A and B exceeds the limits defined by the user. Then the code
exceeding the limits can be found in the trace window. Maximum (Max Time) or minimum time (Min Time) or
both can be set for the trigger condition.

Set maximum time when a part of the program e.g. a function must be executed in less than Tyax time units.

Set minimum time when a part of the program e.g. a function taking care of some conversion must finish the
conversion in less than Ty time units.

Max Time is evaluated as soon as the event B is detected after the event A or simply, Current Time is compared
against Max Time after the program leaves the object being tracked.

Min Time is compared with the Current Time as soon as the event A is detected or simply, Current Time is
compared against Min Time as soon as the program enters the object being tracked.

Based on the trace history, the user can easily find why the program executed out of the normal limits. Trace
results can be additionally filtered out by using the qualifier.

Example: There isa Timer2Int interrupt routine, which terminates in 420 us under normal conditions. The
user wants to trigger and break the program execution when the Timer2Int interrupt routine executes longer

than 420 ps, which represent abnormal behaviour of the application.

e Create new Trace Trigger in the Analyzer window and open ‘Trigger and Qualifier Configuration’
dialog.

e Select, ‘A->B duration tracker’ for the trigger condition.
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e Next, we need to define the object of interest. Select, Timer2Int entry point for the event A and
Timer2Int exit point for the event B. Make sure you select ‘Fetch’ access type for the control bus for
both events since the object of our interest is the code.

e  Check the ‘Max Timer >’ option and enter 420 ps for the limit.

Below picture depicts current trace settings.

Trigger - [Mew Item] ﬁl

Recorder Trigger and Qualifier | ALY Card I

 Trigger A
I,-_\.;B duration tracker j Address || pata || contral || aux [
Timer 2Int EXECUTE
Position I v|
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— B = = L jl
[ Watchdeg I =
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Timer2Int_EXIT_ EXECUTE
rC
Address | | Data | Control | | ALY | |
Qualifier -0 Auto Qualifier on all function entries and exits |
IEveryﬂ'ling j Address || Data | Control || aux |
Record
i vl samples before
0 'I samples after

Ve Wizard... OK, I Cancel | Help |

Before starting the trace session, open Duration Tracker Status Bar using the trace toolbar (Figure 34). Existing
trace window is extended by the Duration Tracker Status Bar, which displays results proprietary for this trace
mode.

Ble = ¥

Duration Tracker Status Bar toolbar
The trace is configured. Initialize the system, start the trace and run the application.

First, let’s assume that the application behaves abnormally and the trace triggers. It means that the CPU spent
more than 420 ps in Timer2 Int interrupt routine. Let’s analyze the trace content (Figure 35).
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Mumber Adéless Content Time

-5 00000895 (00000595 S00EOOO4 lwe -976 ns
-4 0000089C (0000053 C FCOS03L4E mtlr -376 ns
-3 00000840 (00000540 S3EEFFFC lwe -963 ns
-2 00000844 (00000543 YDE15ETS mr -963 ns
-1 00000848 TimeraInt EXTIT -951 ns

00000548 4ES000Z0 blr

[T 2 i 00N0035E [Type Erum( ) : 0 ns
0000035C 48000551 hl

1 000003AC | ! GE2 ns
Type Enum
000003AC S421FFDE st
2 000008EQ (0O0005ED FCOS0ZAE mflr 675 ns
3 000008E4(000005E4 S3E10024 stw 675 ns

Trace Window results

Go to the trigger event by pressing ‘J’ key or selecting ‘Jump to Trigger position’ from the local menu. The trace
window shows the code being executed 420 ps after the application entered Timer2Int interrupt routine.

By inspecting the trace history we can find out why the Timer2Int executed longer than 420 us. Normally, the
routine should terminate in less than 420 ps.

Next, let’s analyze duration tracker results displayed in the Duration Tracker Status Bar.

Diuration tracker statishics Count |27 X
Min 54950 us Curment 416850 us Total |27 884550 ms
Max 416850 us Awerage [235.896 us Tatal region [6.369216 ms [22.84%)

Duration Tracker Status Bar
Duration Tracker Status Bar reports:
Timer2Int minimum execution time was 54.95 us
Timer2Int average execution time was 235.90 ps
Timer2Int maximum and current execution time was 416.85 ps
Last execution of the Timer2Int took longer than 420 ps, since we got a trigger, which stopped the program.
This time cannot be seen yet since the program stopped before the function exited. The Status Bar displays last
recorded maximum and current time.
Timer2Int routine completed 27 times.

The CPU spent 6.37 ms in the Timer2Int routine being 22.85% of the total time.

The duration tracker ran for 27.88 ms.
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If the Timer2Int routine doesn’t exceed Min Time or Max Time values, the debugger exhibits run debug
status and the duration tracker status bar displays current statistics about the tracked object from the start on.
Status bar is updated on the fly while the application is running.

Note 1: Events A and B can also be configured on external signals. In case of an airbag application, the event A
can be a signal from the sensor unit reporting a car crash and the event B can be an output signal to the airbag
firing mechanism. Duration tracker can be used to measure the time that the airbag control unit requires to
process the sensor signals and fire the airbags. Such an application is very time critical and stressed. It can be
tested over a long period using Duration Tracker, which stops the application as soon as the airbag doesn’t fire in
less than Ty, and display the critical program flow.

Note 2: Duration Tracker can be used in a way in which it works like the execution profiler (one of the analyzer
operation modes) on a single object (e.g. function/routine) profiting two things, the results can be uploaded on
the fly while the CPU is running and the object can be tracked over a long period. Define no trigger and the
duration tracker updates statistic results while the program runs.

3.3 Troubleshooting

e Missing program code

If a “missing program code” message is displayed in the trace, it means that the program was executed at
addresses where no code image is available in the download file. The debugger needs complete code image
for the correct trace reconstruction! The code not reported in the download file or a self modifying code
cannot be traced. In order to analyze which code is missing in the trace, click on the last valid trace frame
before the “missing program code” message. This will point to the belonging program point in the source or
disassembly window. Set a breakpoint there, run the program until the breakpoint is hit and then step the
program (F11) from that point on to see where the program goes.

i
1111}
i
i
i
i
i
[LLLIT )
[LLLI] )

i

Number | Address Data Content Time
192.8( 00000204 608402DC|"D: \DOCTME ~ 14 gd6 36718\ LOCALS~1\Tenph ccOlaa 195.631 us
a084020C ori rd , 02DC
192.9( 00000208 4E800020|"D:\DOCTME ~14gd6367 1M\ LOCALS~1\Tenph ccOlaa 195.818 us

4E800020 blr

Missing program code 185.961
198.0| O0O0002DC TCARO3AG|"D:\DOCTME~14gd636 714 LOCALS~14TenphccO0aa| 197.004 us
TCRE03AE mtlr ) ol
198.1| O0O0OO2EQD 4ER00020|"D:\DOCTME~14gd636 71\ LOCALS~14\TenphccO0aa| 197.190 us

4E800020 blr

e Trigger position

With Nexus trace, which is a message based trace, actual trigger point (frame 0) is most likely not to be
displayed next to the instruction which generated the trigger event. The Nexus trace port broadcasts only
addresses of non-sequential branch jumps. All the sequential code in between is reconstructed by the
debugger based on the code image available from the download file. There is no exact information to which
of the inserted (reconstructed) sequential instructions the trigger event belongs. Nexus trace port broadcasts
a dedicated trace trigger message beside the non-sequential branch messages.

For example, if there are 30 sequential instructions between the two non/sequential jumps and there was a
trigger event in between, trace will always depict the trigger at the same position regardless which one of the
30 instructions generated the trigger event. That's why you probably see the misalignment between the
trigger event and the belonging code.
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4 Profiler

From the functional point of view, profiler can be used to profile functions and/or data.
e Functions Profiler

Functions profiler helps identifying performance bottlenecks. The user can find which functions are most
time consuming or time critical and need to be optimized.

Its functionality is based on the trace, recording entries and exits from profiled functions. A profiler area can
be any section of code with a single entry point and one or more exit points. Existing functions profiler
concept does not support exiting two or more functions through the same exit point. Exit point can belong to
one function only. In such cases, the application needs to be modified to comply with this rule or
alternatively data profiler with code arming can be used in order to obtain functions profiler results.

The nature of the functions profiler requires quality high-level debug information containing addresses of
function entry and exit points, or such areas must be setup manually. Profiler recordings are statistically
processed and for each function the following information is calculated:

- total execution time

- minimum, maximum and average execution time

- number of executions/calls

- minimum, maximum and average period between calls

e Data Profiler

While functions profiler is based on analyzing code execution, data profiler performs time statistics on the
profiled data objects, which are typically global variables. Typical use cases are task profiler and functions
profiler based on code instrumentation.

When an operating system is used in the application, task profiler can be used to analyze task switching.
When the task profiler is used in conjunction with the functions profiler, functions’ execution can be
analyzed for each task individually.

The development system features a so called real-time profiler and off-line profiler. Off-line profiler is entirely
based on the trace record. It first uses trace to record a complete program flow and then off-line, functions’ entry
and exit points are extracted by means of software, the statistic is run over the collected information and finally
the results are displayed. Real-time profiler is based on iISYSTEM RTR technology, which allows the profiler to
capture only functions’ entry and exit points and not complete program flow. This way, profiler session time is
increased in most cases. Note that total session time depends on the application and amount of profiled objects.

Refer to a separate document titled Analyzer User’s Manual for more details on general handling & configuring
the analyzer window and its use. Next, refer to a separate document titled Profiler User's Guide for more details
on profiler and its use.

Nexus RTR is implemented on iTRACE GT for 12-bit MDO Nexus port only and it supports Power ISA
instruction set only. VLE instruction set is not supported.

4.1 Typical Use

To use off-line profiler select ‘Nexus’ analyzer operation mode on iTRACE GT and ‘iTRACE/On-Chip’ on
iC5000 development system.
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Analyzer Setup x|

Operation |

— Analyzer
Operation mode INexus RTR. j

~ Execution Coverage

Operation mode IReaI time j
Buffer size I 1 j
Cyde duration I Ons

On Trigger Stop CPU [ -

isclaimer: due to On-Chip and RTR. pipelines, recorded
times do not exactly match CPU core execution timings

QK I Cancel Help

For real-time profiler use, select ‘Nexus RTR’ trace operation mode in the ‘Hardware/Analyzer Setup’ dialog.
Note that this operation mode is not suitable for applications running under OS since it doesn’t support
data profiling. OS typically keeps the task ID in global data variable which must be profiled beside the
functions.

Next, select ‘Profiler” window from the View menu and configure profiler settings. Select ‘Functions’ option in
the ‘Profile’ field when profiling functions.

When using functions profiler in the application with an operating system, the task switch absolutely and
unconditionally must be profiled too! Task switch can be profiled via Data (typically) or OTM profiler.

If the application doesn’t use any operating system, following Profiling OS Task Switches explanation is
irrelevant and can be skipped.

Profiling OS Task Switches

Typically, per default an operating system has a global variable, which keeps the information on current task 1D.
Operating system writes to this variable on every task switch, which can then be traced and profiled by the Data
profiler.

Operating system (OS) awareness is configured in the ‘Debug/Operating System” dialog. . In case of OSEK
operating system, debugger requires a so called orti file (.ort), which is generated by the OSEK and contains all
viable information for debugger’s OS awareness.

Make sure that only ‘Tasks (RUNNING TASK)’ selection is checked in the ‘Profile these OS objects’ field.
Otherwise profiler may report profiler error: “2: Configuration error: Too many Data Areas defined”.

Note: ORTI file must match with the download code. Any misalignment will yield wrong profiler results
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x

ORTI (OSEK,CMX) |

ORTI file

[ GEn.ORT _|

[~ Ignore ve_SIGMAL information in the ORTI file

Profie these 05 objects

Tasks (RUNNINGTASK) Add...
[|Current service (SERVICETRACE)

[5ervices (CURRENTSERVICE) Remove |
[ISRs {RUNNINGISR)

[]15Rs2 (RUMMINGISRZ) Edit... |
ObjectType  [Task D =l

Ok I Cancel | Apply | Help |

Double click on the checked ‘Task (RUNNINGTASK)’ selection in the OS Setup dialog. Under Signaling
‘default (ORTI)’ value is selected. Since ORTI typically reports task ID in a global variable, the debugger will,
based on this setting, configure data profiler to profile a global data variable keeping the current task ID.

x|

Description

T [ o ]
Definition Cancel |
| RUMMINGTASK, =]

'ghe ‘Definition’ must match an object definition in the QORTI
le.

Signaling Resource index J ID
|default (orTD) =] |0
Eei’ault’ signaling uses location specified in the ORTI file.

f this location is not traceable, it must be signaled by the
pplication via an instrumentation resource.

Value display IHexadecimaI j

[T Default value I j

efault value spedfies the default state of the object.
or example: NO_ISR. for ISR ID object

Next picture shows the necessary Data profiler settings. Refer to the Profiler User’s Guide for more details
on Data profiler settings and use. These settings would be sufficient to profile OS tasks only. It is
recommended to run the profiler with these settings first to see if the OS tasks are profiled and if the
sequence of task switches makes sense.
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Profiler Configuration

Profiler | Hardware I

~Profile Start at
v Code I.ﬁ.nyﬂﬁing j I J
Advanced...

V Data

¥ 05 objects Q5 Setup... ™ Limit session duration 30 3

™ aux ¥ Ignore unknown functions | variables
Code Areas
I ‘nter filter string(s)
BootTheSlaveCore il Mew... I
ErrorHook
ErrorHook\Wrapper Edit, ..
HwspecBeforeStartOs
HwSpecBeforeStartOs_withTimer Bemove
HwSpecInitTimerInt o
HwSpecInterruptEntry LI Select All..
I | allov jumps on Funckion ™| Include function lines
Data Areas

New...
Edit..,
Eemove

Ok Cancel Al Help

Profiler settings for application with an operating system

Profiled functions are selected by pressing ‘New...’ button. It’s recommended that ‘All Functions’ option is

selected for the beginning.

The debugger extracts all the necessary information from the debug info, which is included in the download file

and configure hardware accordingly.

Next picture shows valid profiler configuration for application with no operating system.
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Profiler Configuration x|

Profiler | Hardware I

~Profile Start at
¥ Code I.ﬂ.nyﬁ'uing j I J
Advanced...
" Data
[T 05 objects Q5 Setup... ™ Limit session duration I 30 g
™ aux ¥ Ignore unknown functions | variables
Code Areas
I ‘nter filter string(s)
= Mew...
Edit. ..
BLEmmoe
Select All..
™| Allavs jumps on Funckion [T Include function [mes
Data Areas
MNew...
Edit..
Bemove

QK I Cancel Apply Help

Profiler is configured. Reset the application, start Profiler and run the application. The Profiler will stop
recording data on a user demand or after the profiler buffer becomes full. While the buffer is uploaded, the
recorded information is analyzed and profiler results displayed.
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5.46 : 316| 00001838 T0EZE0QO0D "D:\Vectnr\H:FCROSAR 0S5 PECS! + | Count Net Time -
TOEBE0QOO0 e_lis r7, 400
- E1-If*f Tasks
A.47 : 316| 0000183C 306T000R|3067000A & 1bz r3, 0A(: . basicTa 10 1.26% 774.646
. -1 pasicTa388 48.81% 66.414242 ms
a.48 : 316| 00001840 T9FFE921|79FFES21 e bl o35ech M basicTa 0 0.00% 0 ns
E an . 212l annnatcn [y S —— hd -1 extendel99 25.03% 22.911867 ms
Kl [ > N
G-F W@ [4l]a &M AR e e
| 800.0|00 us | 900‘0|00 us | 1.000(?00 ms
Code [Meutral] £ | L | History I;I
ﬁ‘ osCat2Wrapper = = = -
- fie osCentralExceptionfandler catl
- # paChainTask —I
¥ oaChangeInternalClock
ruptsEnabled ' i ] i
i K
- #& paDisableRllInterrupts
- f% osDispatch i i i i
- i osDispatcher = = [ e
. £ AaFnahlalll Tntarmmra LI
Data & |\d |H|5tory I;
E|1f] Taska k... 1
- basicTaskFirat
I basicTaskSecond [ ] [
B basicTaskThird
—
———
I extendedTaskSecond
- I Wo_TRSE
-
o g
[7.78us (123.60k+z)  [W773.51us [ READY

Profiler results in the Analyzer window

4.2 Troubleshooting
e Incorrect time information

If the application uses any operating system (e.g. OSEK) make sure that the debugger is aware of it. Profiling
functions without task awareness yields bad profiler results. Operating system awareness is configured in the

‘Debug/Operating System’ dialog and data profiler (must profile OS task ID) is configured within the profiler
window.

5 Execution Coverage

Execution coverage records all addresses being executed, which allows the user to detect the code or memory
areas not executed. It can be used to detect the so called “dead code”, the code that was never executed. Such
code represents undesired overhead when assigning code memory resources.

The development system features a so called off-line execution coverage and real-time execution coverage.

Off-line execution coverage is entirely based on the trace record. It first uses trace to record the executed code
(capture time is limited by the trace depth) and then offline executed instructions and source lines are extracted
by means of software and finally the results displayed.

Real-time execution coverage is based on a hardware logic, which in real-time registers all executed program
addresses. It features statement coverage but no decision coverage since it keeps the information on all executed
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program addresses but without any history, which would tell which address was executed when and in what
order.

The major advantage of the real-time execution coverage is that it can run indefinitely, which does not apply for
the off-line coverage. On the other hand, off-line execution coverage provides decision coverage metrics which
real-time execution coverage doesn’t. It’s up to the user then which one to use.

Refer to a separate Execution Coverage User’s Guide for more details on execution coverage configuration and
use.

Nexus RTR is implemented on iTRACE GT for 12-bit MDO Nexus port only and it supports Power ISA
instruction set only. VLE instruction set is not supported.
Execution Coverage cannot be used with Trace or Profiler at the same time.

5.1 Typical Use
To use off-line execution coverage, select ‘Nexus’ analyzer operation mode on iTRACE GT and ‘iTRACE/On-

Chip’ on iC5000 development system and specify working execution coverage buffer size in the
‘Hardware/Analyzer Setup’ dialog.

For real-time execution coverage use (where available), select ‘Nexus RTR’ analyzer operation mode. Buffer
size setting is not applicable for this mode.

Analyzer Setup x|

Operation |

— Analyzer
Operation mode IHexus j

~ Execution Coverage

Operation mode IOH:-IinE j
Buffer size I 100% i
Cyde duration I 1ns

On Trigger Stop CPU [ -

isclaimer: due to On-Chip and RTR. pipelines, recorded
times do not exactly match CPU core execution timings

Ok I Cancel Help

Next, select ‘Execution Coverage’ window from the View menu and configure Execution Coverage settings.
Normally, ‘All Downloaded Code’ option has to be checked only. The debugger extracts all the necessary
information like addresses belonging to each C/C++ function from the debug info, which is included in the
download file and configure hardware accordingly.
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Configure I

— Coverage scope — Rangeset
' all downloaded code! 3
" Entire memary

"~ |Uze rangeset

— Coverage level
v Statement Coverage
¥ Decision coverage
™| Count data
[~ Assembler information

[ Configure, .. | Copy
[T Auto start when CPU starts
¥ Auto update when CPU stops Jat Activ

Cancel

o ]

Execution Coverage is configured. Reset the application, start Execution Coverage and then run the application.
The debugger uploads the results when the trace buffer becomes full or when requested by the user.

main.c | GEN.ORT | LI @ W Disassembly vmeOoX

[T ActivateTask(basicTaskSecond) d RIS = FEEERE
ReleascRescurce (resBasic) = 000618C2 |30E70025 |e_lbz r7,25(r7) LI
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SetRelflarm(myFirstAlarm, MSEC(1000/TaskThirdPerSecond), "osekeunt.c::oOh RG6 00080
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Execution Coverage results

Disclaimer: iISYSTEM assumes no responsibility for any errors which may appear in this document, reserves the
right to change devices or specifications detailed herein at any time without notice, and does not make any
commitment to update the information herein.

© iISYSTEM. All rights reserved.
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