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Technical Notes

Freescale MPC553x/555x/556x Nexus Trace
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1 Introduction

This document does not cover Nexus Trace of the MPC551x &@bBkx devices, which have no data trace.
They are covered in a separate document.

According to the Nexus standard, MPC553x/555x/556x dedortin multiple Nexus clients that
communicate over a single IEEEE-ISTO 5001-2003 Nexus classBined JTAG IEEEE 1149.1 auxiliary out
interface. Combined, all of the Nexus clients are refeiwexs the Nexus development interface (NDI). Class 3
Nexus allows for program, data and ownership trace of theonuntroller execution without access to the
external data and address buses.

Communication to the NDI is handled via the auxiliarytgmd the JTAG port.

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

Due to the limited debug features of the Nexus trace, i¥&has introduced a proprietary Nexus Real-Time
Reconstruction (Nexus RTR), which restores the origiB80ecore execution bus, which is otherwise embedded
deeply in the CPU silicon, in the development system. Withtechnology, advanced trace functions, extended
profiler and infinite real-time execution coverage becomdabla.

Nexus trace supports:
program, data and ownership trace for the e200 core
program, data and ownership trace for the eTPU (on CPUs \tlsemgailable)
tracing data accesses for the eDMA module (on CPUs wheedilable)
tracing data accesses for the FlexRay (on CPUs whegviitable)

Program Trace

Using a branch-trace mechanism, the program trace featlleets the information to trace program execution.
For example, the branch-trace mechanism takes into aceowntnany sequential instructions the processor has
executed since the last taken branch or exception. Thentibggleg tool can interpolate the instruction trace
for sequential instructions from a local image of programmorg contents. In this way, the debugging tool can
reconstruct the full program flow. Self modifying code aatrive traced due to this concept.

Nexus trace implements internal FIFO buffer, which keepsldte in the pipe when the Nexus port bandwidth
requirements are greater than capabilities. FIFO igillyazgsed when the application sequentially accesses data,
which yields heavy trace port traffic through a naride@xus port.

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

Data Trace

Data tracds used to track real-time data accesses to devic#ispeternal peripheral and memory locations by
specifying a start and stop address with read oewitess (the MPC55xx supports two such qualifier areas).

Transmitted information about the memory access cannot beressed fundamentally since each memory
access is distinctive and not predictable. Errors inrdee window appear when the CPU executes too many
data accesses in a short period. These yield numerous Messages, which cannot be sent out through the
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narrow Nexus port to the external development systermundnd an internal data message FIFO overflow is
reported in the trace window. Consequentially, it's higlklgommended to configure on-chip message control
(qualifier) to restrict data trace recording only to datas of interest to minimize possible overflows.

Program and data trace messages are not ordered in tivoe tl$% data trace has precedence over the program
trace, a number of data messages is recorded befaaettla instruction (block of instructions between two
branches, or sync) is recorded that caused the dataescissreordering is done by the debugger since it
would be highly speculative and cannot be guaranteed to be vakdsuhk messages would contain a time-
stamp. Unfortunately, this is not realized in the MPC5868us implementation.

Ownership Trace

Ownership trace is based on ownership trace messaging)(@ITM facilitates ownership trace by providing
visibility of which process ID or operating system taskdctivated. In practice, an operating system writélseto
process ID register (PID0), which yields an ownership traegsage for every write. Then it's up to the data
profiler to record these messages and display the ttiskias (task profiler).

MPC553x/555x/556x Nexus Trace Features (iTRACE PRO [/ GT):

External trace buffer

Program, Data and OTM Trace for e200 core
Program, Data and OTM Trace for eTPU1 and eTPU2
Data trace for eDMA

Data trace for FlexRay (MPC5567)

Advanced external trigger and qualifier

Time Stamps

AUX inputs

Profiler

Execution Coverage
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2 Nexus Trace Configuration

Trace window is open from the View menu. Trace Trigger anaier are set up in the Trace configuration
dialog which is open in the trace window through the Hardwzonfiguration toolbar.

2.1 e200 Nexus Trace Configuration

€200 Nexus Trace is configured in the Trace dialog, which dpesslecting ‘Use trigger/qualifier’ mode in the
Trace configuration dialog.

x
Trigger | sDMA | AUX Card |
r— Trigger
[ AC  [DAC  [enT [~ Enable OTM Trace
[~ mmedigtely W T T I Stall CPU on Nexus FIFO overflow
r Instructi r Dat
NSO Address s Address Access  Linkto  Value Mode  Value (HEX) Byte enable
W 181 [Type_Amays | | ©loact | | [Ro =] = 14c1 [disabled =] o I [ [ [
Combination INone ‘l Combination INone vl
™| Eritire: object ™| Erttire: object
Miacz | 2] ] e | [rRo =] I iacz [asabed =] o o [ [ [
e Data Value Mode
I 1AC3 I J Count on Count Start on All: when all enabled bytes match ;I
R CNT1 |jac ~| |0 Ay -
Combination INone ‘l L Il' £ J I I y J Ary: when any enabled byte matches
I™ | Entire. ohject = 325t Caunter
Halfword: when all enabled bytes within
[ 1AC4 I J I~ CNT2 II.'—'.C‘I 'l IC at least one of the halfwords of the
access match
r Program Trace r Data Trace Ay NOT: when any enabled byte
v Enabled IIndividuaI Branch Messages j [~ Enabled doesnt match
e Iimmediateh.r ,l Start Iimmediateh.' 'l Al NOT: when all enabled bytes dont
match
End Inever ‘l End Inever 'l ﬂ
=¥ Hessage Control 1 =1 fessage Contial 2—
r~ Buffer
e lm From |C:-:CCCCCCCC J |w.CCCCCC.,C J
2 ™| Erttire Dhiject ™| Erttire. Okject
Compression lm
To [ocrrrrere | | [errrrrer
I Deep Trace File Size Ii GB vl
Range I Inside j I Inside j
— Trigger
Postion el || I E
™| Continuaus mods Control IR"f"'I d IR"f‘"I j
Wizard... | OK Cancel Help

Trace Trigger Configuration dialog

Note: The same on-chip debug resources are shared among e08rbaxecution breakpoints, €200 access
breakpoints and €200 on-chip trace trigger. Consequegnii@bug resources used by one debug functionality
are not available for the other two debug functionalitiegrhctice this would mean that no trace trigger can be
set for instance on instruction address, when four executakpoints are set already.

Trigger

Trace can trigger immediately after the trace is slastecan trigger on one or more watchpoints (debug events)
which occur while the target application is running. Triggatolhpoints can be IAC1-IAC3, DAC1-DAC?2,
CNT1-CNT2 and are described next.

Instruction

Four watchpoints (IAC1-IAC4) can be configured to triggeeracuted instruction address (program counter
match). Four address matches, two address in/out rangbasatctwo address matches where address can be
additionally masked, can be configured.
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Data

Two watchpoints (DAC1, DAC2) can be configured to triggenocessed data address. Besides the access type,
two address matches, one data address in/out range maioh address match where address can be
additionally masked, can be configured.

When ‘Link to’ option is checked, configured data access ifdudonditional on instruction defined by
IAC1/IAC3 watchpoint. In practice, the user can restrigger on data access caused by an explicit instruction.

Counter

Debug module features two 16-bit counters CNT1 and CNT2htan be configured to operate independently
or can be concatenated into a single 32-bit counter. &aafter can be configured to count down when one or
more count-enabled events occur (IAC1-IAC4, DAC1-DAC?2). Witencount value reaches zero, a debug
event is generated. First counter (CNT1) can have addigianatart condition which can be IAC1, IAC3,

DAC1 or CNT2 event.

Program Trace

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

There are two types of messages, which can be usecfblettus program trace protocol. ‘Individual Branch
Messages'’ yield more information about program executiamtta ‘Branch History Messages’ setting. Major
advantage of the ‘Individual Branch Messages’ settingasemaccurate time information but it requires more
Nexus port bandwidth, which means that the Nexus tsag®re subject to the overflows, which are depicted in
the trace window when they occur. In case of overflows,rarageconstruction in the trace window resumes
with next valid Nexus trace message.

Data Trace

Enable data trace when it's required to record data axéssides the program.

Default setting for the Start is ‘immediately’ and foe tEnd’ is ‘never’. However, mind that the trace maytsta
displaying errors due to the data trace enabled. Dependittge@pplication, Nexus trace can output a huge
amount of access addresses and access data which frcaswyield internal data message FIFO overflows due
to a limited Nexus port bandwidth. Then also program patmsagtion fails.

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

Message Control 1 and 2 define two independent data addngss ra/alid condition can be either address in
range or outside of range. Nexus trace can record ttistnuaccess data and Data access data (default)ngraci
can be further restricted to Read/Write, Read or Végeesses only.

OTM Trace

Enable OTM Trace, when writes to the process ID regsteuld be recorded.

Buffer Size

Buffer Size determines the depth of the trace buffer. [Eememended to use minimum buffer size which results
in faster trace upload time and smaller trace file.

Continuous mode

Continuous mode keeps recording program execution untilPhé & trace is manually stopped. Normally, the
trace records only until the trace buffer is full. This opthould be checked, when it's required to analyze
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program behavior just before the CPU is stopped Additipnidde Trigger should be set to ‘Immediately’ in
such configuration.

Trigger Position

Depending on the needs, trigger can be located at the begiimihg,center or at the end of the trace buffer.
Note that the trigger position is not configurable for mmimbuffer. If the user intends to analyze the trace
record after the trigger, it makes sense to use ‘Béggger position and ‘End’ trigger position when the trace
pre-history that is program behavior before trigger dggired.

2.2 eDMA Nexus Trace Configuration

eDMA trace is configured in the eDMA pane in the Trace dialo

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

Trigger

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

Data

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

Trigger - [Trigger 0] E

Trigger  =DMA |AU>< Cardl

— Trigger
™ Immediately

 Data

Address Access
V wP1 ImEounter |_| IHW’ j
~ wez | LR =]
~ Data Trace
IV Enabled
Start I immediately - l
End Inever 'l
—I¥ Message Control 1 1 Message Control 2—
From  [mooooooon || | [SeScoooonn |
™ Entire Object I | Eritire: [hijest
Ta [orrrrrree | | [oEEEEEEE |
Range Ilnside j IInside j
Contral IH\.\.-' j IF!W' j

‘wizard... | Ok I Cancel Help
eDMA Trace Configuration dialog
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Data trace

First, eDMA trace must be globally enabled by checkimg Enabled’ option.

Next, the user must set the data trace start and eddioon Trace can be started immediately or by meé&ns o
one of the watchpoints. The same goes for the trace stoppitegtrace can be set to never stop or when one of
the watchpoints is reached.

Two eDMA data address ranges (Message Control 1 & 2healefined in order to optimize the amount of the
eDMA trace messages on the Nexus port. The user shouldarsert order to avoid or to keep at minimum
possible internal message FIFO overflows due to limitedusi@ort bandwidth. eDMA data accesses that fall
within the Message Control 1 and/or Message Control 2 windosvoutput only.

2.3 FlexRay Nexus Trace Configuration

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

Note: FlexRay trace is available only when the ‘Nexwtdrtype is selected in the ‘Hardware/Analyzer Setup’
dialog. FlexRay trace cannot be used in conjunction with 1% Nexus RTR technology.

Trigger

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

Trigger - [Trigger 0]

Triggerl eDta  FlexRay IAUX Eardl

 Trigger
[
I /e
= wRE
[ Des Address Access
T whl | I | |
w2 | L[ =]
- Data Trace
[V Enabled
SO Pr—
e e
—1¥ Message Control1——— T Message Control 2—
Fiom  [oa00oooo0 | | [oioooaon |
[ Entire Object I™ | Ertite (] =l
To [oerrreeere | | R
Range I Inside j I Inzide j
Cantral IW’H j IHW j

Wwizard... | 0k I Cancel Help

eDMA Trace Configuration dialog
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Data

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

Data trace

First, FlexRay trace must be globally enabled by chedkiagEnabled’ option.

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

Two FlexRay data address ranges (Message Control 1 & Djecdefined in order to optimize the amount of the
FlexRay trace messages on the Nexus port. The useddasmithem in order to avoid or to keep at minimum
possible internal message FIFO overflows due to limitedusi@ort bandwidth. Only FlexRay data accesses that
fall within the Message Control 1 and/or Message Contwin2low are output only.

2.4 eTPU Nexus Trace Configuration

eTPU Trace is based on messages and features progcandita trace and ownership trace.

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

Data trace allows tracing reads and writes to seteshared parameter RAM (SPRAM) address ranges.

Ownership trace provides visibility of which channel is beingised. An ownership trace message is
transmitted to indicate when a new channel service retpssheduled, allowing the development tools to trace
task flow. A special OTM is sent when the engine eriteidle, meaning that all requests were serviced and no
new requests are yet scheduled.

The eTPU1 and eTPU2 module are debugged each in a separ@€&Avsdssion. Refer to Freescale MPC5500

Family On-Chip Emulation technical notes document for motaildeon the eTPU debugging. eTPU Nexus
Trace is open from View/Trace, assuming that the e TRUDEA debug session is set up and active.

Both eTPU engines have their own Nexus register setalibats trace to be set up independently for each of
them. The only exception to this is the data trace addw@nge registers that are shared. Refer to the Nerals D
eTPU Development Interface chapter in the eTPU Refefdiaceial 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 amondaiid®ére execution breakpoints, eTPU access
breakpoints and eTPU on-chip trace trigger. Consequentialygiresources used by one debug functionality

are not available for the other two debug functionalitiegrhctice this would mean that no trace trigger can be
set for instance on instruction address, when hardware tex@tweakpoints are set already, etc.

Trigger

Trigger options specify how the eTPU trace is triggered.tidwe can trigger immediately or on:
eTPU watchpoint 1 (WP1) occurrence
eTPU watchpoint 2 (WP1) occurrence
channel register write occurrence

host service request occurrence
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on link register occurrence
on match recognition request
on transition detect request

All seven trigger conditions can be limited to a spec#fivieed channel. If serviced channel information is to be
ignored, O should be written for the service channel mask.

Trigger | Quaifier | AU Card |
— Tngger ————————— 5 — _
fwe Buifer Size IMlmmum vl = Continuous mode
[ Immediately T Trigger Position ICenter vI Time Stamp ITi""'B j'

Operatian coess type— Address ——————— AddrMask — Data———————Byte mask out— Service Chan./ Mazk—
WR1[SPRAM sddiess =] [RD =] [Hterd ] [FFFF HEX [0 HEx T [0 HEX [0 HEX
WP 2 [disabled =i ro = L] [FFFF Hex o HEx T [0 HEx [0 HEX
— Trigger On Service Chan./ Magk—

[ Channel register write [~ Link service request [ Transition detect request ID_HEX 0 HE®
™ Host service request [~ Match recognition request
Ok, Cancel Help

eTPU Trigger Configuration

Watchpoints

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

Trigger  Gualifier |AU>< Ealdl

¥ Program Trace— | Record &l 1 DataTrace T Hecodal——
Start [w/P1 =] Start [u/F2 =
End Ine\rer LI End Inever ;I
— Channel — Data Trace Control ——————————————————— COC Data Trace Contral
CHO [ e I | ¥ I [ 7| CHZ Wi [diabled v [nside =] W [disabled x| [inside =]
CEI:'E :; :; :; g g g g g E:;g wil [wh x| [Ouside < W1 [disabled [v|  [inside =]
STET8 il il e el e w2 |disabled x| [inside 7] W2 |disabled [v|  [Inside =]
Set Al | Clear Al | W3 [disatled [v|  [nside 7| W3 [disabled [v]  [inside =]
 WWindow 0 windaw 1 windaw 2 windaw 3
st || s || s | s ]
ed[ || e[ || e[ || e[ |

Ok I Cancel | Help |

eTPU Qualifier Configuration

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

Program Trace

By default, program trace is configured to trace allgr@gram activity. However, the program trace inforovati
can be limited by defining start and end condition or by fiogugrogram trace on one or more active eTPU
channels only. See an explanation for the available Start andventk in the Trigger section.

Data Trace

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

Ownership Trace

Check the option when ownership trace messages need tade tra
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3 €200 Nexus Trace Examples

3.1 Nexus

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

Default trace configuration is used to record the continpoogram 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 Btar the reset or after resuming the program from the
breakpoint location. The trace records and displays prodoawfriom the start until the trace buffer fulfills.

As an alternative, the trace can stop recording on a progp@m‘Continuous mode’ allows roll over of the trace
buffer, which results in the trace recording up to the maméen the application stops. In practice, the trace
displays the program flow just before the program stopsnébance, 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 anyiorraa the CPU execution. The trace
should display program execution just before the CPU is stoppdelug stop command.

Select ‘Record everything’ operation type in the Sa@onfiguration’ dialog and make sure that
‘Continuous mode’ option is checked to ensure that tloe toaffer rolls over while recording the
running program. The trace will stop as soon as the CBtdpped. Note that this ‘Record everything’
operation type always apply for the e200 trace.

Select minimum or maximum buffer size depending on the redjdepth of the trace record. Have in
mind that the minimum buffer uploads faster than the maximum

Tace

Trigger |

—1 Use tigger/qualiier ————
Buffer Size Im Trigger Lizt .
Buffer Compreszian Im
[ Deep Trace File Size Im

[ Continuous mode

Time zlice ITimE vl

— Operation
[T Auto start when CPU starts
[ Ontrigger break esecution Selertdehe |

[Earfigure,.. | [Eapy |

(] I Cancel | Help |

With these settings, the trace records program execution@®s it's running. As soon as the program is
stopped, the trace stops recording and displays th#ses
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Following examples describe configuring trace to trigger queaiic function being executed or to record
specific variable data accesses.

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

Example: Trace starts recording aft€ype_Struct  function is called for the fifth time.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add and name a new
trigger (e.g. Trigger 0), and open ‘Trigger Configurationlatig

Trace |

Trigger |

— Record eveything —1* |lze tigger/qualifier

Buffer Size I hirirmun - l Trigger List b
Euffer Compression INUnE vl = Tnggerlj
™| Leep Tirace FeSize |4 GE vl

™| Eontinueus mode

Time zlice ITimE vl

— Operation
[T Auto start when CPU starts
[ On trigger break eecution Select Sctiye |

| B ] = | (B |

] I Cancel | Help |

Enable Instruction IAC1 watchpoint and spedifype_Struct  for the Address.

Enable CNT1 counter, select IAC1 watchpoint for ‘Counterént, set 5 for ‘Counter’ and keep ‘Start
on’ set to ‘Any’.

Enable Data Trace and keep default configured Message Cbntro
Set Trigger on CNT1 debug event.

The trace is configured. Following picture depicts curteate settings. Initialize the complete system, siert
trace and run the program.
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Trigger - [Trigger 1]

omeditcy =] T
R TR

O00000000
i ] =

More 7] TFFFFFFFF
[ree =] inside ]

[Corter 7]

ConthuEuE mEde:

Let’s inspect the results. Trigger point can be found arowarddr0 and marked as ‘Watchpoint’ in the Content
bus.

Don't forget that recorded instruction and belonging datasscaee not recorded in expected time order. This
applies for all data access records. Belonging instructioeciorded and visible much later (e.g. 25 frames) after
the data access was recorded. . This happens due to the ddexept, which immediately broadcasts data
messages, while instruction messages are usually sentksb
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Instruction

Instruction

Instruction

Instruction

Instruction

Instruction

Instruction

Instruction

Example: Trace monitors the value ounter variable while the application is running.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamonfiguration’ dialog, add a new trigger and
open ‘Trigger Configuration’ dialog.

Set ‘Immediately’ for the Trigger
Enable Data Trace and configure Message Control iCfarnter  data accesses only. Select
iCounter address and check ‘Entire Object’ range option. The debuggeretélimine and configure

range end address based on the size of the variable.

The trace is configured. Following picture depicts curteate settings.
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Trigger - [Trigger 1]

T
TR

|
[ficounier L]
I=| Enitire 0
inside =]
N
v o

Initialize the complete system, start the trace andhemprogram. The trace records all writegGounter
variable.

O iISYSTEM, February 2010 15/39



Time difference between two consecutive data write @esesan 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 teateres, which are based on iISYSTEM Nexus

RTR technology. Nexus RTR is restricted to the e200 progsaoution bus and default Power ISA instruction
set. VLE instruction set is not supported.

3-Level Trigger
Unlimited Qualifier
Watchdog Trigger
Duration Tracker

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

Note: Nexus RTR is implemented on iTRACE GT only ford2MDO (Nexus port) implementation only.
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Analyzer Setup |

Opetation |
— Trace
Operation mode Mewxus j
— Profiler
Buffer size I 100%:

Buffer compression IN:::ne

L L L

Time Stamp ITime

~ Execution Coverage

Operation mode IOFF-IinE

KIE]

Buffer size I 100%:

Zycle duration | 0ns

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

ok I Zancel Help

3-Level Trigger

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

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

— Trigger
Ia‘-‘m_l,lthing j
s |

n“B

A orn'B

A and n"B

A then n"B
Aorn®B arC
|4 and "B and C ||
B or [n"B and C)
A then n"B then C
& then Bl ar C
| & then 0B or C] ||
(& or n"B] then C

[& and n"B) then C
A-»B duration tracker
.ﬁn_l,lthing_

Qualifier

Filter is equivalent term to the Qualifier. To make thest of the trace buffer limited in depth, a qualifieltéf)
can be used, which allows the trace to record only CPbtgweatching the qualifier condition(s) and thus
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saving memory space for important information only. Tyibic&Q Event' selection is used when using qualifier
and can be configured for one or more instruction address maictames.

— Clualifier
1 between B.C eventz j

[ Event
Source Lines
Source Lines &WD 0 il
Source Lines OR O
Cand0

Corfd

[ between B.C events
{BorCord -
—JAorBorCorl) L

Evemthing

A so called Pre/Post Qualifier is available besides timepqualifier. Pre Qualifier can record up to 8 CPU
cycles before the qualifier event and Post Qualifier Up®PU cycles after the qualifier event.

— Qualifier

IIIJ Event j

Record

IEI 'I zamplez before O
IE| ]v zamples after 0

Time Stamp I Time - I

Thereby, the qualifier can be configured in a standardamaythen additionally up to 8 CPU cycles can be
recorded before and/or after the qualifier. For instance alfows recording of a function or just its entry point
and few instructions recorded before make possible to deterwiizh code (e.g. function) actually called the
inspected function.

Next example demonstrates 2-Level Trigger, Qualifier ardRralifier use.
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Example: Let’s recordFunc3 execution after th&ype_Pointers  function is executed and then 4-times

Type_Enum function is called.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

Select ‘A then n*B’ for the trigger condition, specifype_Pointers  for the event A address,
Type_Enum for the event B address and set B counter to 4. Don’t fomggt Control bus to

‘Executed’ for both, A and B events.

Next select ‘Q Event’ for the Qualifier. Speciync3 for the Q event address and don't forget to
‘Check entire object range’ option. By doing so, the debugieextract the size of theunc3 and

configure address range end address accordingly.

Trace Address Item Ed |

—(* Hange

Frarm... I IFur‘u:B _I:IK
v Cover ertire object range Cancel |

|44 [0x2C] bytes
i, | |

i Mask

31E28 2?E24 23E2EI 19E1E

MMV FMFFF MWV VKV

15 | 12 11Ea P FALR - T A
FFFF FFFF FFEFFF FFFF

Finally, configure ‘Record 4 samples before Qualifier'tie Qualifier filed.

Following picture depicts current trace settings.
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Trace Ed

Trigger and Qualifer |

— Optionz = o
I} Certitsus mode Address 22|08 Data  PE|R] Control 2|88 aUx o L
¥ Enhable pipeline analiss Type_Pointers E<ECUTE
™| Eelative Timer

Buffer Size  |Minimurn =

Output Signal m
~ Trigaer — B |4 3:
| & then n'E =] ﬁTdydpr:isE — || Data EE| EEDQEEIUHT?I!:EI ALl R L
Position m

= bt Thime 1< I—
I e T I— -

Address 22| Data EE|E| Contal 22]] AUz -
I Baichdag |
— Bualifier
I':! Event j :
Fecaord
E o 2w pata 2] Contel ] AL = ]

|4 'I zamplez before Qual Func3 [size]
IEI 'I zamples after Qual

Time Stamp I Tirne vI

E=ECUTE

Qk. I Cancel Help

Initialize the complete system, start the trace andhemprogram. Following picture shows the trace record.
Green colored line depicBunc3 entry point and yellow colored lifeunc3 exit point.

The user is able to determine which code actually cabletiFunc3 function by clicking on any of four lines
beforeFunc3 entry point.
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xecuted
59| 000000&d) 4ES000Z0|\Funci EXIT 15.910075 ms
AES00020 blr

Executed

Example: Let's use the trace to measure the time betweeRéketStrX interrupt routine calls.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

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

Following picture depicts current trace settings.
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Trace

Trigger and Clualifer |

— Optionz —
"/iC i Address )| Data FE]E| Contiol E2[RE] AL pE|
W | Enable pieline
™| Belative Timer
Buffer Size IMinimum "l
Output Signal ITrigger "l
— Trigger rBT I-I 3‘
I,-’.'n.n_-,-thing j Address gilE| Data  B2lEE| Contol B[R] AL G|
Pasition I Canter - |
= | Wit Time < I
2} &z Tiime > I — L
Address ﬁlﬁl Data  B2[P2| Conbol ZEEE] ALl PR
[T wiatchdag |
— Gualifier
IE! Ewent j 5
Record
ek Address -¢IE| Data E|E| Contral %?lml Al Bt |22
IU "'I samples befare Gual [FPTT EXECLITE
IU 'I samples after Qual
Time Stamp ITimE vl
] 8 I Cancel Help

Initialize the complete system, start the trace andthenprogram. Following picture shows the trace record.
Time between two consecutive function calls can be easiasuned by selecting ‘Relative time’ from the trace

window local menu.
|- Z PO THB-CEEEZWE Y
== == == == == —
== = = == == ;|
Humber | Address Data Content Time
5| ZO0DOOD9FS| 94Z1FFES|! 1858. 621718 m=
Fesetitrx
Z00009F3 Q4Z1FFES stwm
6| 200009F5| 94Z1FFES|| 282.918054 m=
Fesetitrx
200009F8 94Z21FFES =t
7| Z00009FS| 94Z1FFES| ! ZB2.927299 m=
Fesetitrx
Z00009F3 Q4Z1FFES stwm
G| 200009F5| 94Z1FFES|{ 37T.223958]1 ms
ResetitrX
200009F8 9421FFES =tmm

[«]

[

M1-M2: 0 ng [Ma)

|F': 471.533445 ms [:-34.305 |M2: 471.533445 |M1: 471.533445 IDLE
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Watchdog Trigger

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

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

Usage

If the application being debugged features a watchdog tthmeetrace watchdog trigger can be used to trap the
situations when the application watchdog timer times ondtrasets the system.

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

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

Configuring Watchdog Trigger

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

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

— Trigger
|4 i
Puosition I Center R I
= i Tiime: € I
™ | FEs Time = I

W wiatchdog |2_3mg|

Trigger field

Next, define the “trace watchdog reset” condition. Typicalhly event A is selected for the “trace
watchdog reset” condition and then e.g. a reset watchdogeotesetting the watchdog, is configured
for the event A. Of course, a more complex condition can bepsestead of the event A only.
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Example: Target application features on-chip COP watchdog, wingbles the user to check that a program is

— Trigger

I.-’-'-.n_l,lthing j
s |
B

A or n*B

A and n*B

& then nB
SornBorC

|Aandn™B and C B

Ao [n"B and C)
A then nB then C

| [& then n"B)or C B
[ then 0B or C) ||

[& or n"B] then C
[& and n*B) then C
A-3B duration tracker

.-I’-'-:n_l,lthing_

Trigger conditions

running and sequencing properly. When the COP is being usedasois responsible for keeping a free

running watchdog timer from timing out. If the watchdog tiiees out it’s an indication that the software is no
longer being executed in the intended sequence; thus a sysetiis iegiated.

When COP is enabled, the program mustiRafreshCOP routine during the selected time-out period. Once

this is done, the internal COP counter resets to #reafta new time-out period. If the program fails totkis,

the part will reset. The COP timer time-out period i8 88 in this particular example. It may vary between the
applications since it's configurable. The watchdog timeest within 800 ps during the normal program flow.

The trace is going to be configured to trap COP time out défamitiates a system reset. The user can find the

code where the program misbehaves in the trace history.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and

open ‘Trigger and Qualifier Configuration’ dialog.

Select ‘A’ for the trigger condition, check the ‘Watchdog’ioptand enter 840 ps for the trace

watchdog timer time-out period.

SpecifyRefreshCOP function call for an event A (reset sequence). Don’tdbtg select ‘Executed’

for the Control bus.

Below picture depicts current trace settings.
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Trace Ed

Trigger and Qualifer |

— Optionz = o
T Eortinuews mede Addrezs Data  E2|E] Contral =5[] AL o L
¥ Enatle pinelne analiss RefreshCOP EXECUTE
™| Eelative Timer

Buffer Size  |Minimurn =

COutput Signal ITrigger "I
— Trigger - BT I-I 3:
B B Addiess 22| Data  B2R5] Contol 22[E5] AU ||
Puosition I Center B I
= bt Thime 1< I

I e T I -

Addiess 22|WE| Data  BE|R| Contral 22[RE] aUx ]
V¥ watchdog |84I2Ius
— Bualifier

IEver_l.Jthing j
Record s
£COr
Address zaliE| pata 2| conwol 22 U pa| o]
IEI 'I zamplez before Qual
IEI 'I zamples after Qual
Time Stamp ITime VI

Qk. Cancel | Help |

While the application operates correctly, the trace neiggers. The trace triggers when the application
misbehaves, that is wh&efreshCOP is no longer called within 840 ps, and record the prodrenavior
before that. The user can find out why the watchdog wasmviced by analyzing the trace record.

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

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

The trace needs to be configured to trap the targehdagctimer time out before it initiates a system re$enr
the user can find the code where the program misbehavestlsitrgce history.

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

Select ‘Use trigger/qualifier’ operation type in the ‘@eaconfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

Select ‘A’ for the trigger condition, check ‘Watchdog’ optiand enter 14 ms for the trace watchdog
timer time-out period.
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Configure AUX0=1 for the event A.

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

Tace

Trigger and Qualifer |

— Options A
= Eottirueusmode Address S8 Data  BE2|E] Contol 25|BE] Al gz| ]
¥ Enatile pipeline analisis [T |
I Eelative Timer

Buffer Size | Minimum =

Output Signal ITrigger "I
— Trigger — B |1 3:
| . 2 fddress gale] Data B2 Cantol B2)EE] Al g2
Position I Center B I
=} kit Thime < I

= = Time >| -
Address || Data E2]%| Control 22)5| AU g2 |
v wiatchdog |14m$

— Qualifier

I Evemthing j -

R d
= &ddress #2)i| pata aIEI Cartral aIml &L ra| |
IU 'I zamples before Qual

IEI 'I zamples after Cual
Time Stamp ITime VI

QE. I Cancel | Help |

While the application operates correctly, the trace neiggers. The trace triggers when the application
misbehaves, that is wh&efreshCOP is no longer called within 840 ps, and record the prodrenavior
before that. The user can find out why the watchdog wasmiiced by analyzing the trace record.

If longer trace history is required, select mediunmaximum 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 spenrdating a part of the application constrained by
the event A as a start point and the event B as an end Ppgpitally, a function or an interrupt routine is an
object of interest and thereby constrained by evergad®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 instructidnffeim the specific address or an active trace
auxiliary (AUX) signal.

O iSYSTEM, February 2010 26/39



— Trigger
I.-’-".->B duration tracker j

Puosition End w7
[ Min Time < I
[T Max Time 3 I

[ watchdog I

Trigger field

Duration Tracker provides following information for the aza&lg object:

Minimum time

Maximum time

Average time

Current time

Number of hits

Total profiled object time

Total CPU time
Duration tracker results are updated on the fly withawtigion on the program execution. The duration tracker
can trigger when the elapsed time between events A and B exbedinits defined by the user. Then the code
exceeding the limits can be found in the trace window. MarinfMax 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 functigt be executed in less thap.k time units.

Set minimum time when a part of the program e.g. atimmd¢aking care of some conversion must finish the
conversion in less thanyk time units.

Max Time is evaluated as soon as the event B is deteftexdhe event A or simply, Current Time is compare
against Max Time after the program leaves the object liedoged.

Min Time is compared with the Current Time as soon asuéete\ is detected or simply, Current Time is
compared against Min Time as soon as the program entesbjdwt being tracked.

Based on the trace history, the user can easily findthéprogram executed out of the normal limits. Trace
results can be additionally filtered out by using the qualifie

Example: There is a&imer2Int  interrupt routine, which terminates in 428 under normal conditions. The
user wants to trigger and break the program execution whénntee2Int  interrupt routine executes longer
than 420rs, which represent abnormal behaviour of the application.

Select ‘Use trigger/qualifier’ operation type in the ‘Teamnfiguration’ dialog, add a new trigger and
open ‘Trigger and Qualifier Configuration’ dialog.

Select maximum buffer size and position the triggereetid of the buffer.

Select, ‘A->B duration tracker’ for the trigger condition.
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Next, we need to define the object of interest. Selegter2int  entry point for the event A and
Timer2Int  exit point for the event B. Make sure you select ‘Fetaitess type for the control bus for
both events since the object of our interest is the code.
Check the ‘Max Timer >’ option and enter 428 for the limit.

Below picture depicts current trace settings.

Trigger and Qualifer |

— Optionz — &
I} Certitsus mode Address 22|08 Data  PE|R] Control 2|88 aUx o L
¥ | Eriable pipelite analisi Timerelnt
™| Eelative Timer

Buffer Size  |Minimurn =

COutput Signal ITrigger "I
~ Trigger — B |1 3,

[A28 duration backer 7] Address S| Data 22|E| Contral 22| aUx oh L

Timner2int_ExIT_
Position |Eenter 'I

r bin Time < |20us

v dax Time>|42l]us = C
Addiess )| Data 2| Control 2[5 aUx ]
[ wiatchdog I

— Bualifier

I Evemnthing j 5

A d
= Lddress #1| pata aIEI Contral aIEI &l L]
IU 'I zamples before Qual

IEI 'I zamples after Qual
Time Stamp ITime VI

Qk. I Cancel | Help |

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

- Z)oR-FeaEE twey « |
Duration Tracker Status Bar toolbar

The trace is configured. Initialize the system, stagtttace and run the application.

First, let's assume that the application behaves atkaltyrand the trace triggers. It means that the CPU spent
more than 42@rs inTimer2Int  interrupt routine. Let's analyze the trace content (E@5h).
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Humber Ad&ress Content Time

-5 00000395 | 000005898 S00E0OO4 lwe -976 ns
-4 0000089 C (0000039C YCOS03A6 mtlr -976 ns
-3 0o0008A0 (00000540 S3EEFFFC lu=z -963 n=
= 0o0o0o0ga4 00000544 YDA15ETE nr -983 ns
-1 000008345 TimerEZInt EXIT -951 ns

ooooogas 4EG000Z0 blr

T i 0000035C|Type Enumi ) ; 0 ne
00000350 48000551 bl

1 000003AC 1§ 662 ns
Type_ Enum
000003AC 9421FFDE stum

2 000008ED |(O00005ED YCOS0ZA6 mflr 675 ns

3 00000854 00000354 23E10024 stw 675 ns

Trace Window results

Go to the trigger event by pressing ‘J’ key or selectingnid to Trigger position’ from the local menu. The trace
window shows the code being executed #R@fter the application enter&tmer2int  interrupt routine.

By inspecting the trace history we can find out whyTheer2int  executed longer than 42@. Normally, the
routine should terminate in less than 420

Next, let's analyze duration tracker results displayetiénDuration Tracker Status Bar.

Duration tracker statistics Count |27 *
Miry 54.950 us Current  |[#16.850 us Tatal |27.884550 ms
Max 416850 us fiverage 235895 us Tatal region |5.369216 ms [22.84%)

Duration Tracker Status Bar
Duration Tracker Status Bar reports:
Timer2Int  minimum execution time was 54.9%
Timer2Int  average execution time was 235r80
Timer2Iint  maximum and current execution time was 41685

Last execution of th&imer2int  took longer than 426s, since we got a trigger, which stopped the program.
This time cannot be seen yet since the program stidpgire 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 bein§%2a. 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 valuesdisleugger exhibits run debug
status and the duration tracker status bar displaysrdwstatistics about the tracked object from the start on.
Status bar is updated on the fly while the applicationngsing.

Note 1: Events A and B can also be configured on externallsignaase of an airbag application, the event A
can be a signal from the sensor unit reporting a car crasth@edent B can be an output signal to the airbag
firing mechanism. Duration tracker can be used to mediareéme that the airbag control unit requires to
process the sensor signals and fire the airbags.&uapplication is very time critical and stressed. It can be
tested over a long period using Duration Tracker, which $tepapplication as soon as the airbag doesn't fire in
less than f and display the critical program flow.

Note 2: Duration Tracker can be used in a way in whicloikw like the execution profiler (one of the analyzer
operation modes) on a single object (e.g. function/routine)timpfiwo things, the results can be uploaded on
the fly while the CPU is running and the object can &ekied over a long period. Define no trigger and the
duration tracker updates statistic results while the progas.

3.3 Troubleshooting

Missing program code

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

i

i
xim
nn
nn
i
nne

Number | Address Data Content Time
192.8| 00000204 608402DC ("D W\DOCTME~1% gd6e 36 T1MLOCALS~ 1N Temp\ ccO0aa| 195.631 us
60B402DC ori rd, 02DC
192.9| 00000208 4EB00020|"D: \DOCTUME ~1% gd636 71\ LOCALS~14Tenp\ ccO0aa| 195.818 us

4E800020 blr

185.0 M1 ing program code 195.961

198.0| 000002DC TCRB03AG |"D: \DOCTME~14gd6 367 1N\LOCALS~1\Temp\cc00aa| 197.004 us
TCAB03L6 mtlr ES

19g8.1| 000002EOD AE800020 ("D: \DOCTME~1%gd6 3671\ LOCALS~1Temp\ cc00aa| 197.190 us

4E800020 blr

Trigger position

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

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

O iSYSTEM, February 2010 30/39



4 Profiler

From the functional point of view, profiler can be usedrdife functions and/or data.

Functions Profiler

Functions profiler helps identifying performance bottld&sedhe 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 enamesexits from profiled functions. A profiler area can
be any section of code with a single entry point and one or mitneaints. Existing functions profiler
concept does not support exiting two or more functions tiirdlne same exit point. Exit point can belong to
one function only. In such cases, the application needsriwd#ied to comply with this rule or
alternatively data profiler with code arming can be useatder to obtain functions profiler results.

The nature of the functions profiler requires quality high-leleddug information containing addresses of
function entry and exit points, or such areas must be setmpally. Profiler recordings are statistically
processed and for each function the following informatioraisutated:

- total execution time

- minimum, maximum and average execution time

- number of executions/calls

- minimum, maximum and average period between calls

Data Profiler

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

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

The development system features a so called real-tiofideprand off-line profiler. Off-line profiler is ergly
based on the trace record. It first uses trace to recooanplete program flow and then off-line, functions’ entry
and exit points are extracted by means of software, thististéds run over the collected information and finally
the results are displayed. Real-time profiler is based ¥8TEM RTR technology, which allows the profiler to
capture only functions’ entry and exit points and not coreghedgram flow. This way, profiler session time is
increased in most cases. Note that total session tipgnds on the application and amount of profiled objects.

Refer to a separate document titled Profiler Useuigl€&for more details on profiler and its use.

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

Trace, Profiler and Execution Coverage functionalities cebaeaised at the same time since they are all based
on the trace. Single functionality can be used at the dinhe

4.1 Typical Use

To use off-line profiler, select ‘Nexus’ trace operatinade and working profiler buffer size in the
‘Hardware/Analyzer Setup’ dialog. Any value between 1 and(¥0f maximum buffer) can be entered for the
buffer size. Keep ‘Buffer Compression’ set to None forriwst time accurate results.
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Analyzer Setup x|

Operation | PowerPC I

 Trace

Operation mode

 Profiler
Buffer size | 1%

Buffer compression INonE

L L L

Time Stamp frime

 Execution Coverage
Operation mode Iof'f-line

Ll Lo

Buffer size | 10%

Cycle duration I ons

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

oK I Cancel Help

For real-time profiler use, select ‘Nexus RTR’ trapemtion mode and working profiler buffer size in the
‘Hardware/Analyzer Setup’ dialog.

Next, select ‘Profiler’ window from the View menu and configprefiler settings (see next figure). Select
‘Functions’ option in the ‘Profile’ field when profiling funcns.

When using functions profiler in the application with an opegasystem, the task switch absolutely and
unconditionally must be profiled too! Task switch is tipeofiled via Data or OTM profiler.

Profiling Task Switch

Operating system (OS) awareness is configured in the ‘D@pegating System’ dialog. Make sure that only
‘Tasks (RUNNING TASK)' selection is checked in the ofile these OS objects’ field. Otherwise profiler will
most probably report the following profiler error: “2: Configtima error: Too many Data Areas defined”.

If the application doesn'’t use any operating systenp, tié OS awareness and OTM profiler configuration.
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ﬂ

ORTI {(OSEK.CMX) |

ORTIfile
{Restore'\3b0402 ort

Profile these OS5 objects
M Tasks (RUNNINGTASK]
[1Curmrent service (SERVICETRACE)
[]Services (CURREMTSERVICE)
[11SRs {RUMNMNINGISR)

GTASK)

o ¢ [ L

[v This is the task |D object

o]

Cancel | Spply | Help |

Now, there is a difference how the task switch can be ptblly the off-line and real-time profiler.
Real-time profiler

OS task switch can be profiled only by using the OTMipofFor that reason, if necessary the operating
system code needs to be adjusted.

Typically with the OSEK, there is a PreTaskHook funetio which the operating system should write to

the CPU PID (process ID) register whenever the newitasilled. Every write to the PID register generates
an OTM message in the trace and therefore this type opdafiker is also called OTM profiler. If also task
Idle time is to be profiled separately from the taskvadime, OS can also write a special 'invalid ID'He t
PID register when the active task is exited - typicalthe PostTaskHook function.

Once OS writes to the PID register on every task swkanctions profiler in conjunction with OTM
profiler can provide correct results. Next picture shtvesnecessary profiler settings.

Analyzer Tools E3
Prafiler |
Prafile Start at
Iv Functions I.ﬁ.nything j I J

v Data v Include 03 ohjects

v keep history
™ Auto start with CPU

[ Limit session duration ISD H

— Areas Functions

| I Data

v Ignore unknown functions
v allow Functions withaut exits
[V Ignore Functions which exit on entry

I™ | Include Function limnes
I™ Al jumps on Furction

1
Bemove

Edit...,

dill

Select All.,

[ Load lask session when opening workspace

OTE: If Functions prafiling is used in a multitasking application,
inIDEA must be aware of the operating system.

J

05 Setup...

[ |

Cancel | Apply | Help
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Off-line profiler

In this case, Data profiler can be configured to profile a ¢lddka variable or OTM profiler can be used to
profile the CPU PID (process ID) register.

If OTM profiler is going to be used, it's configured etsame way as with the real-time profiler. One
additional setting is necessary in this case sincdeébagger expects the task switch to be profiled via data
profiler per default. Double click on the checked ‘Tasks’ aptiothe OS Setup dialog (see top picture on
the previous page). This opens ‘OS Object’ dialog whes object is signaled via OTM’ option must be
checked.

Typically, per default an operating system has a glehahble, which keeps the information on current task
ID. Operating system writes to this variable on evesyi twitch, which can then be traced and profiled by
the Data profiler.

Next picture shows the necessary Data profiler settinfes.Rethe Profiler User’'s Guide for more details
on Data profiler settings and use.
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Make sure that ‘Keep history’ option is checked if Histeigw is going to be used during the results analysis. If
the option is unchecked, all recorded profiler data are disdaafter the statistic information is calculated and
history view shows no results. Even when the option is chebli&dry view shows functions’ calls in respect to
the time just for some amount of time and from sometmwirthis information is no longer displayed. It is so by
the design - otherwise the total profiler capture timeld/be considerably shortened.

Finally, profiled functions are selected by pressing ‘Neévbutton. It's recommended that ‘All Functions’
option is selected for the beginning.

The debugger extracts all the necessary information fnendébug info, which is included in the download file
and configure hardware accordingly.

Profiler configuration settings - (no operating system)
Profiler is configured. Reset the application, stadfier and run the application. The Profiler will stop

recording data on a user demand or after the profiler boéfeomes full. While the buffer is uploaded, the
recorded information is analyzed and profiler resultpldiged.

History view
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Timeline view

4.2 Troubleshooting

Incorrect time information

If the application uses any operating system (e.g. OS&Ke sure that the debugger is aware of it. Profiling
functions without task awareness yields bad profiler resOlperating system awareness is configured in the
‘Debug/Operating System’ dialog and data profiler (mustiler@S task ID) is configured within the profiler
window.
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5  Execution Coverage

Execution coverage records all addresses being executth allows the user to detect the code or memory
areas not executed. It can be used to detect the sd ‘tdglad code”, the code that was never executed. Such
code represents undesired overhead when assigning codeymesuarrces.

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

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

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

The major advantage of the real-time execution coverathatist can run indefinitely, which does not apply for
the off-line coverage. On the other hand, off-line execution cgeepaovides decision coverage metrics which
real-time execution coverage doesn’t. It's up to the umaT Which one to use.

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

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

Trace, Profiler and Execution Coverage functionalities cebaaised at the same time since they are all based
on the trace. Single functionality can be used at the dinhe

5.1 Typical Use

To use off-line execution coverage, select ‘Nexus’ tigameration mode and working execution coverage buffer
size in the ‘Hardware/Analyzer Setup’ dialog.

For real-time execution coverage use, select ‘Nexus R@B& operation mode. Buffer size setting is not
applicable for this mode.
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Next, select ‘Execution Coverage’ window from the View mand configure Execution Coverage settings.
Normally, ‘All Downloaded Code’ option has to be checked ohhe debugger extracts all the necessary
information like addresses belonging to each C/C++ function fhendebug info, which is included in the
download file and configure hardware accordingly.

Execution Coverage is configured. Reset the application,Estacution Coverage and then run the application.
The debugger uploads the results when the trace buffer bebdhmrsvhen requested by the user.
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Execution Coverage results

Disclaimer: iISYSTEM assumes no responsibility for angrmarivhich may appear in this document, reserves the
right to change devices or specifications detailed heregmgttime without notice, and does not make any

commitment to update the information herein.

iISYSTEM. All rights reserved.
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