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1 Introduction

Embedded engineers use features like debugger and compiler,
and rarely use Software Analysis features like Trace, Profiler,
or Code Coverage. However, those tools are less known but
are as important and help a lot in a project. CodeWarrior for
MCU provides an extensive set of Software Analysis (SA)
tools, this application note explains and popularizes SA basic
concepts. It will demonstrate how to enable Trace and Profile,
how to collect trace, and how to read the results. ARM based
processor from Freescale, Kinetis K70, and CodeWarrior for
MCU v10.2 (b120126) are used to demonstrate SA
capabilities.

2 Theory of Operation

There are some basic SA concepts that need to be explained
before presenting main SA features in CodeWarrior.

2.1 Internal vs. external buffers

The buffer is the location where an executed trace is written
by the hardware during the application. Most of the time,
buffers are implemented using RAM memory. Buffers can be
located on the analyzed device (internal) or on a trace
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1neoury of Operation

collector device (external), which is usually used to perform the run-control function. CodeWarrior supports for Kinetis one
internal buffer and two devices with external buffers (P&E TraceLink and Segger J-Trace).

Run-control device

External buffer

Kinetis

Internal buffer

Figure 1. Internal and external buffers

For the Kinetis family, platform 2 and platform 3 type devices support internal buffers and complete external buffer
implementation. The size of internal buffer is 2 kB. The internal buffer is called Embedded Trace Buffer (ETB ). The size for
external buffer is 128 MB (P&E TraceLink) or 8 MB (Segger J-Trace).

2.2 Hardware trace capabilities for Kinetis

The Kinetis family has support for program trace (Embedded Trace Macrocell (ETM ) and instrumentation trace (Instrument
Trace Macrocell (ITM) for platform 2 and 3 devices. Platform 0 and 1 devices has support only for ITM trace.

The program trace (ETM) provides information about executed code in a compressed format that allows, after an offline
post-processing, to fully reconstruct the application execution. It is possible to use methods to limit the amount of program
trace generated by the core.
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Figure 2. Program trace (ETM)
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Theory of Operation

Instrumentation trace (ITM) streams information from two sources: application code and Data Watchpoint and Trace(DWT)
unit. A developer can insert into application code (to instrument) that writes to certain registers with custom data. That data is
inserted into the ITM trace in raw format. From the DWT, some kind of data trace is generated. Performance counters values
are also sampled into the ITM trace.

T
/if{m== MAX_CHANNEL) \ ITM
{ . —t custom data .
: itm_regl = 0x12345678; < -  0x12345678
elseif(expr == MAX_OUTPUT) _CPlcounter =  packet i+l
{ | increments -
min_val = max_val;“ | packeti+2
iter++; o N Cycles counter ) f e
count++; increments /// 0x12123434
*itm_regl = 0x12123434;« rd
} " customdata sync packet
*itm_reg2 = 0x87654321; - | A Ox87654321
. —— custom data — :
return; T

———

Figure 3. Instrumentation trace (ITM)

The Trace Port Interface Unit (TPIU) and Embedded Trace Buffer (ETB) are formatters, and package the trace. Trace funnel
has the role of mixing the trace streams from the ETM and ITM in one stream.

Kinetis
core

|_|:-WT_|

Trace funnel

Figure 4. Trace formatters—ETB and TPIU

NOTE
Kinetis does not allow to send trace simultaneously to the ETB and TPIU. Only one path
can be used at once.
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1neoury of Operation

2.3 Timestamps

There are 2 timestamp counters for Kinetis: a global 48-bits counter and a local 21-bits counter. The global counter can be
used to put timetamps on events in ETM and ITM trace streams. By doing this, you have a synchronization of events from
the 2 streams, that is because the clock is the same. The local timestamp counter can be used only by ITM events.

Also note that the global timestamp counter does not stop while you are in debug mode, so the time spent in debug mode is
also recorded (for example, breakpoints, and prints). The local timestamp counter is frozen during debug mode, therefore it is
counting only the time spent in execution mode.

2.4 Trace collection modes

There are three types of collecting trace modes:
* Overwrite

In this mode, when trace events fill the trace buffer, the first events (oldest) are overwritten my the last events (more
recent). At the end of the collection, the trace buffer will have the last n events, where n is trace buffer capacity
(calculated in events). Think of this as a circular buffer.

This mode is useful for when the user investigates an extreme condition (for example, a crash or an exception), because
in trace the last event is found that generated that condition.

A special attribute of this mode is that its the least intrusive—basically trace IP monitors core/platform execution, and
record events, but do not interfere with execution.

This mode can be used with ETB (internal trace buffer) or with an external buffer (P&E TraceLink or Segger J-Trace).

Stage 1 Stage 2 Stage 3

-

| empty \ | recn-l | | recn1

-~ — A — . p | S -,
empty empty ‘ recn ‘ recn-2 recn | ‘ rec n-2 |
¢ ———
| | \ |

| rect rec3 | | rect [mB\ & | rec3

Trace overwrites

Trace is not full Trace is full
oldest records

Figure 5. Overwrite trace

¢ Continuous

In this mode when the trace buffer is full the core stops execution and enters in debug mode. CodeWarrior detects
debug status of the target and collect trace and then resumes execution. This mode assures that all execution is traced
and kept and nothing is lost. However, it is intrusive and may break the real-time nature of an application.

This mode is useful when a Profiler is needed (to gather enough data to make the Profiler useful). Also it is useful in
case of Code Coverage analysis, where real-time is not a strong requirement.

This mode can be used only with the internal trace buffer (ETB).
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Figure 6. Continuous trace

¢ Pseudo-continuous

Trace buffer is empty again

Theory of Operation

Target
resume
execution

A

This mode is a combiation of the first two. It consists of collecting trace with an external device (P&E TraceLink or
Segger J-Trace) and keeps all buffers. However, if an external buffer (which runs by design in overwrite mode)

overflows, then a gap appears in trace.
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Figure 7. Pseudo-continuous trace
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1neoury of Operation

2.5 Profiling counters

Kinetis supports five 8-bits profiling counters and one 32-bits cycles counter:
¢ CPI counter (8-bit):

This is the general counter for instruction cycle count estimation. It increments on any additional cycles (the first cycle
is not counted) required to execute multi-cycle instructions except those recorded by LSU counter. It also increments
on any instruction fetch stalls.

¢ LSU counter (8-bit):

It is the load-store counter. The counter increments on any additional cycles (the first cycle is not counted) required to
execute multi-cycle load-store instructions.

¢ FOLD counter (8-bit):

It is the folded instruction counter. The counter increments on any instruction that executes in zero cycles.

* Exception counter (8-bit):

It is the exception overhead counter. The counter increments on any cycles associated with exception entry and return.

¢ SLEEP counter (8-bit):

It is the sleep overhead counter. The counter increments on any cycles associated with power saving, initiated by the
WFI or WFEE instructions.

¢ CYCLES counter (32-bits):

It is the cycles counter.

2.6 Single Wire Output (SWO) support

Single Wire Output (SWO) is a protocol that outputs the ITM trace through a separate path. This is basically a low-cost
debug and trace method. The bandwidth is limited, but enough information can be sent to create a big picture of application
execution. This type of trace collection does not need of a trace buffer (internal or external) and uses a streaming approach.
All data is sent directly to the host machine.

This method of tracing is not intrusive.

NOTE
SWO can be used only over SWD protocol (not over JTAG), therefore make sure
debugger protocol is properly set.

2.7 How to instrument an application

Kinetis provides 32 stimulus registers. When data is written to one of these registers, it is automatically inserted in trace. A
common code that maps a register and writes data is:

volatile unsigned long *itm stim 0 = (unsigned long *) OxE0000000;

*itm stim 0 = 0x11223344;

*itm stim 0 = 0x55667788;

Software Analysis in CodeWarrior for MCU, Rev. 0, 6/2012
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Theory of Operation

2.8 Trace protocol synchronization packets

Both ETM and ITM trace streams implement a set of synchronization packets that allow to recover after a special condition
(for example, trace lost, and trace buffer overflows).

Synchronization packets can be:
¢ Periodic (ETM):

After each 1024 bytes entered in ETM trace, a sync packet is sent. This is useful, for example, when you have trace
collected using a circular buffer, ETB or external device, in overwrite mode. After the buffer is full, the oldest records
are overwritten with the most recent ones. In this case, it will overwrite sync packets (sent at the start of trace) and the
stream will be un-decodable. After 1024 bytes, a periodic ETM sync packet is sent, the stream will then be correctly
decoded from that point.

¢ Periodic (ITM):

The default value for the ITM sync packet is 1024 bytes. This can be adjusted. Please see the above description to see
how the sync packet helps recreate the execution flow.

e Address sync (ETM):

Even if a periodic sync is emitted by the ETM from 1024 to 1024 bytes, this is not enough to recover from a trace lost
or from a trace buffer overwrite. The stream is decoded, but ETM compression mechanism for code addresses is made
with relative offset. In other words, after the ETM places a packet in address 0x100, if the next executed address is
0x104, the ETM codes the address as 0x4. This allows to save bandwidth, but generates some wrong addresses to be
decoded after a special condition event (for example trace lost, and trace buffer overwrite). But an Address-sync packet
will sample a full address value into the trace. From that point, both decoding and trace recreation is correctly executed.

* Timestamp sync (ETM):

As for instruction addresses (see above), the timestamp value is also coded using a relative offset. So just after a
timestamp sync, the time reported in trace is accurate after a special condition event (for example, trace lost, and trace
buffer overwrite).

¢ General trace sync (ETM, ITM):

There is a special packet that differentiates the start of the trace from noise. This is put in trace on events like: start
trace, exit from debug, or at other events that may trigger a trace start.

* Trigger packets (ETM, ETB):

Are not sync packets from a protocol perspective, but can be viewed as logical sync points. It marks the tracing
triggering point.

2.9 Exira trace features in Kinetis

There are some other trace, or trace related capabilities in Kinetis, but they are not the object of this application note.
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3 Practical Content

This section indicates how to import a project into CodeWarrior, enable Trace & Profile, instrument the code, run application
on K70 target, collect trace and see the results. All trace collection modes are shown (overwrite, continuous, and pseudo-
continuous). The SWO collection is also shown.
1. Choose trace collection mode: overwrite, continuous, pseudo-continuous, and SWO
Run application (collect trace progress monitor)
SA view
Trace
Critical code and coverage
Performance and call tree
Log
Repeat c-i for all trace collection modes

NN R WD

3.1 Import the demo project

1. Open CodeWarrior and right-click in the projects area.

"3':' C/C1 1 CodcWarrior Doevelopment Studio
File Edit Source Refactor Mawvigate Search Project Run [

| £ - |2 | £+~ B~ 88| e
[c CodeWarrior Projects £3 =)
=

2= 19, 2! |

=S, IFIE Mame

File Name = | So
Mew 3
e Export. ..

Figure 8. Import menu
2. Click on Import, then choose to open an existing CodeWarrior project:
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% Import _ O] x|
Select \
Create new projects from an archive file ar directory. I g - 5 I

Select an import source:
Itvpe filker text

El-[= General
- ~[E archive File
S| Existing Projects into Workspace

{:L File System
e L Preferences
E, Cjc++

(= CodeWarrior
|E, Vs

#-(= Run/Debug
#-(= Software Analysis
[E? Team

F-(Z= Other

@ = Back | Mext = | Finish I Cancel

Figure 9. Opening an existing project

3. Browse to the project location:
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_ ol x|
Import Projects
Select a directory to search for existing Edlipse projects, B
-

% Select root directory: I

" select archive file: I Browse, .,

Projects:

Select all |
Deselect Al |
Refresh |

[~ Copy projects into workspace

rWorking sets

Figure 10. Browse to project location
4. Select project’s directory:
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Select roat drectory of the projects to import:
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Practical Content

e

5. Notice the

Figure 11. Select project’s directory
project is recognized by CodeWarrior; click Finish:
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o

{+ Select root directory: |F:\.Wu'k'¢mu‘::w_arm_12ﬂ126'ﬁ?ﬂ_mmte | Browse, .. I
[ Select archive fle: |

Projects:
[ k70_appnote (F:{Work\edipsefow_arm_120126%70_appnote) Select Al I

™ Copy projects into workspace
~Working sets
™ Add project to working sets

WWGrking Sets: I _:l Sedect.., I

@ < Bk I et = | Finich I Cancel

Figure 12. Finish the import
6. Build the project.

3.2 Instrument the code

Open main.c file and edit as below:

vold Performancel (void) ;
int Recur=sive (int) ;

volatile char iteration = 0;
volatile mn=igned long *itm stim 0 = (on=signed long *) OxE0Q00000Q:

vold Lamonch (FUNC TYPE £, int arg)

{

#pragma no_inline
flarg):

H

vold InmterruptTesti()

r

Figure 13. Edit main.c file — define stimulus port
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Define the stimulus port to write the custom data. Then write some custom data from code:
vold main (veoid) {

*itm stim 0 = 0Ox11323344;
Performancel () ;

REecur=sive (3):
Performancel () ;

*itm stim 0 = OxX55667788;

fori(;:;) 1
entry ()«
*itm stim 0 = OxE87654321;
Yy /* loop forewver #*/
/% please make =sure that you never leave main */

Figure 14. Edit main.c file — write to stimulus port

3.3 Enable Trace and Profile

Open Debug configurations for imported project and select tab Trace and Profile for
k70_appnote. MK70FN1MO_INTERNAL_RAM_PnE U-MultiLink configuration.

T 2
.l'.‘mnhn_ cjir, fmid mun sk -
Dipeniosed o a0pkcanon i & Grget, ther debug of run the appicton
x| =%~ | e | k0 _porete_CRIFM T0_PITERNAL BaM Bre ULk
HILl . (1) vasin (1= mepuments | %3 Debugper |5 . Source | MG Erveorwment| | Comeson | Trace aewd Profie .
(1| Cocewiarror Atzach r
T CodeWaror Connect Erabis Trace snd Profle
| = [T Codewarmer Demeion
1 ] e_aperote_McPs b ||| @ Fadbal £ Trsce
5 ] k% _sppnote_MCOPHD)_BE
i B Launch Group T e
L & «
L d
r
r
r
e
F r
F
| S— ]|
—epmryrT— R
® ] _om |
T T

Figure 15. Select Trace and Profile tab

Check Enable Trace and Profile and make sure ETB, Continuous Trace Collection, Collect Program Trace, Collect
instrumentation trace, and Collect Profiling Counters option is checked.
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Figure 16. Enable Trace

Click Apply to confirm settings.

Click on Advanced Settings to see some more options:
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W ®prefercnces —iof x|
| ETM Settings ITM Setlings
[ITM Settings| :

| ETB & .
| s ITHTrﬁ'Q Trace ID: 2
u C
H
Timestamp

| " No Timestamps

u @)ﬂlw

Timestamp Prescaler bk =

1 Global Timestamps
d Global Timestamp Frequency | Disabled I
n
i Enable stirulus regsters

i:fvmpl'nmz I reg3 [ Reg4 Salect Al ]

[T RegS [ Regs [ Rep? [ RegB

Clear Al
[T Regs [ Regid [ Regil [ Regi2 —]

T Reg13 [ Reg14 I Reg15 [ Regi6
[T Reg1? [ Reg1a [ Reg1s [ Reg20
[T Reg21 I Reg22 [ Reg23 [ Reg24
[T reg2s [ meg2s [ Reg2? [ Reg28
T Reg2® [ Reg30 [ Reg31l [ Regl2

~Cyde Counter

¥ Enable

Cycle Countar Value: 4204967290
Extension Counter Reload Vake: [0

Cyde Counter Tap: [Tap at cyde countbit6 =

Synchronization PacketRate:  |Tap atcyde countbit 24 7

- Event Generation
™ Enable PC Sample [ Enable Cyde Count Event Generation i
B ¥ Enable Exception Trace ([ Enable Exception Overhead Count -

Enable CP1 Count ([ Enable Sleep Oveshead Count

® )] o |

Figure 17. Enable and configure ITM tracing

Notice that ITM tracing is enabled. Synchronized packages are default on, because the bandwidth limitation is negligible to
adding them and the benefit is huge. This helps synchronize the trace in case of a special condition event (for example, trace
lost, and trace buffer overwrite). Notice that Local timestamp is used for this example.

Here onlt 1 stimulus register (from the application, write only at this register) is enabled. Also note the Performance counters
enabled (section Event Generation). This triggers counter values to be sampled in trace.
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B Preferences

=] .3

ETM Settings
IT™ Setlings

FTE Setnas @ﬂﬂmrrm Trace ID: 1
@um FIFOFULL Level (no of bytes): [0

~Trace Conditions
Trace Start/Step Control | Trigger Control | Trace Enable Event | Tmestamp Event |

StartResowrce — | [~ Stop Resource

[T DWT comparator 1 [T DWT comparator 1
™ DWT comparator 2 [ DWT comparator 2
[~ DWT comparator 3 I DWT comparater 3
[~ DWT comparator 4 ™ OWT comparater 4

ETM - Counter Rieload Value: IIJ

Comparator 1| Comparator 2| Comparator 3 | Comparator 4|

Generate Comparator Match Event on: ||;,I bied ;I
Value: [ox00000000
Na of lbits to ignore: lo Mask: [0x00000000

Match Data Sire: I'-‘-fni'd ""I

Figure 18. Enable and configure ETM tracing

For ETM advanced settings, notice the Stall processor option. This freezes the core activity when the internal ETM buffer is
full to not lose trace. However, this function is limited because of many reasons, however it is better to have this option on by
default. The trace all branches option configures the ETM trace to record all branches or just indirect branches. Theoretically,
it is enough to sample only indirect branches, because other branches can be determined offline, just disassembling the binary
executable. It is a method to save bandwidth. However, if you don’t have overflows in trace due to bandwidth capacity, it is
advisable to check this option for better decoding results.

Enable timestamps option configures trace to sample or not the timestamp. It is another method for saving bandwidth,
however it means that trace will not have timestamps, so some analysis, like performance or critical code cannot be
performed. If you want to put more code execution information in trace and you are not interesting in the timestamp, this
option saves bandwidth.
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3.4 Collect trace

Enter debug mode and resume application. Notice that the current settings (continuous mode), the trace module stops the
target execution when the internal buffer hits threshold, collect trace, and then resumes execution. In the bottom-right corner
of CodeWarrior, look at the progress monitor for collecting trace operation.

| Collecting trace: (52%) B o

Figure 19. Observe collection of trace progress monitor

The debugger has two buttons that control execution stop: Suspend (circled in picture below) and Terminate (indicated by an
arrow in picture below).

¥ Debug £3

- -

2 ()& =
=[] k?D_appnnte_MH?DFHJMﬂ_INﬁRNAL_EAM_PnE U-MultiLink [CodeWarrior Downils
SR 2d ARM Processors, k70_appnote.afx
@ Thread [ID: 0x0] (Running)
g Fr\Work\edipse\ow_arm_120126%70_approte\MK70FN 1M0_INTERNAL_RAMY

Figure 20. Debugger controls

When Terminating an application, means that you want to exit immediately, and trace will not be collected then. However,
for continuous mode, you will have trace collected up to the last collection moment. For overwrite mode (where trace is
collected only when the application is suspended) you will have no trace.

In this case, Suspend and then Terminate application.

The Software Analysis view for results opens automatically.

3.5 Software analysis view

Software Analysis view opens automatically after trace collection. However, if you want to open this view on demand, go to
the CodeWarrior menu: Window->Show view-> Software Analysis.

=a == e —

= [ T — L | L —" thmd_Hj St draiye. o | (] Mesien o
Satteare Analysis = 'D‘E.:;’J
taee T | Tompien | Crmenl G| ey | goitree | | gase |
P g— T B B e
1 7 _acprete MCTIN M0_POTERM, B Pep Udtnes Oy eaper | iy B
-

W _pprecte ok R BTRaks B o iy % Sl W I ) ol St ) Sertrmane 7 Cal Tree | Lish D8l B B3 Bk ah b

Figure 21. Software Analysis view
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Notice buttons on the upper-right side of the view. You can refresh the view, expand or collapse results.

Right-clicking on a result set, you can delete or save it.

r
I fakarn Tets
} FRehesh
E H] - = - . +|Expand Al -]
2 Comsnte | <~ Tasks | 44 Remote Sysiems | ! Target Tosks — | Colapse Al
I:h)utmhi'n.m
Software Analysis

ey

== B0 _sopnote

20120202 07 1147 P

INTERIMAL FdMi PrE LMt s S ITEE Y Imeine [ Critical Code {3 Perfornance 8- Call Tree [0 2012.02.02 0711147 PH

Figure 22. Save/Delete results

3.6 Trace view

Trace view shows the collected trace.

...='.I-|-t W =)
% Trace - k7f0_appnote_METOFNTMO_INTERNAL_RAM_PnE U-MultiLink - K70_appnote CIEE LR T il
mdu|e-.-u.t 5&.| Description Loyl 4 e |ﬁnuu.._ | =

Source Target

] E™ Info [

1 E™ ks n

) E™ Info 0

3 m e Satat A B udng STHE Beford & - ITH . wal=tx 1 ks a

4 ™ Drop packet due I missrg SYNC befare it - TTM - vabstod Info 0

5 ™ e kit dos b missing STHC Before @ - ITM < =t Infs o

5 ™ (":;:') 0

7 ™ o

. e - ;

¥ ETM . =t . L] Lrear ]
¥ E™ Funchion main, address = o 1¥fzfe, mam (QE.::; )
1 TN SYNC packet - ITH - tmeatamp vk dealyed related o IT... e &
12 STHY terl AT puah Sgral 3
o e = >
14 i main Liness [3
15 ™M SYNC packet - ITH . tmeatamp vk dealyed related 5o IT... Infa iy
% ETM Fursciion man, sddress = 0 Lf030C, man Linear [ =l

(1) Consste | Taska | emoite Syatems | 5 Tarpet Tasks |2 Probloms (2 Executables | 5sftmire snsfrs B -
Figure 23. Trace viewer controls

Notice trigger packets (ETB and ETM), synchronization packets, drop packets (due to missed synchronization for ITM
stream), function symbol name (for example, main), and timestamps (they are different for ITM and ETM events, because
they use two different clock bases).

See the buttons on the upper-right side of the view, they allow to easily navigate in trace, expand trace events to see assembly
and source code mixed in the same view, find a record, export to .csv format, and configure timestamp resolution.
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n-da:lEvenl: sol Description SMC:"II”M q Type |T‘masl:a... ‘

12 ™ Assarted et - Cye coue e CSgnaly &
13 ET™ e m Oxl main Liraar 3
14 ET Funiciion main, address = G 1030w, madn Linar

15 m o v Info 11
16 ETH Fureson main, address = 0w 1FF030c. &
7 EM  Brandh from main to Performance 1, Source sddress = Ox1f... @ - - 3
18 ET= Bramch from Performancs | to main, Source address = Ox1f...  Performance 1 11}
13 ETH Funcion main, address = te1f0312. Limear 14
ol ET= Branch from man to Rearsve. Source address = O 1AfFD3, .. madn Reorsve Branch 14
21 ETH Function Recursive, sddress = Ox 1fff02e0. Retursive Lirsear 17
2 ETH Function Recursive, address = O 1ff02e 2. Reqursive Linear 17
23 Em= Function Reoursiee, address = Ox 1fff02ed. Eeorve Lirsear 17
24 ETH Branch from Recursive to Recursive. Source address = Oxl... | Recursve Recursie Branch 17
25 ETH Function Flecurshve, address = Ox 1ff02ec. Reoursive Linear 4
26 ET= Bramch from Recursive to Recursive, Source address = Oxl..  Reorsve R sine Brandh 4
27 ETH Function Recursive, address = O 10700, Regursive Lirsgar 24
4 ET Function Reourshe, address = O 1fff02el. Feorsve Lirsear 24

= P - [E— o _ ST T T o _ i e _ .

Figure 24. Events in trace

Notice the event for a performance counter (Cycles counter overflowed) and also events for a branch, where both source and
destination of the branch are displayed.

% Trace - k70_appnote_METOFNTMO_INTERNAL_RAM_PnE U-MultiLink - k70_appnote

M|E'vml:50...l Description I : c!ﬂl"‘—’d' "I

]

Typa

hqrﬂeﬁdf,

|ﬁrlm=n... |

i

Fo

3

Bocarsive(3);
Oeelid 80312 mows r0, 83

ETM Branch from mam o Rersive. Source address = uaffos.. i
T
Foecarsive(d):
GxlffE0F14: Bl ==52
Ox1fdE0314: bl ==52 [Scurce]
main: 83
i
OxlffE02el . pash {zd.Llx} [Targat]

Em Furgton Recursne, addness = (1RG0, Lt
L k]
i
OxlffE02al: push {xd. lr}

L] Functon Recunive, sddess = (e 1FfRGel Bcurenr
LT k]
i
OlffE02a?: cpy rd.x0

-] Funciion Rearsve, sddness = (el Zes, Rcursee
man: A5
sl (m o¢= O) o
Oulfff02ad: cup rd 20

ETM Brarch fom Recursve to Recursve. Source address = Ol Rearsve
;i

Brandh

Brandh

=

=l

By pressing on the Expand all button, you can see assembly and source code mixed in trace.

Figure 25. Mixed trace (source and assembly code)
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. TR _appniote_MICPOPN IMO_TNTERNAL RAM Prf U-Multl ink =

—

Fumetion Performanceilionk, sddress = On 190 20e.
Function Performanceiiork, sddress = O 1Fff02d2,
Funciion PerformanceWork, address = 0w 10208,
Branch from PerformanceiWork to Launch, Source address ... Perform

Per
Per
Per

% Trace - kK70_appnote_MKTOFNTMO_INTERNAL_RAM_PnE U-MulliLink - k70_appnote ™

g |

Function Launch, address = 0x1fff023s.
Function Laundh, address = 0x 1023, Laurich
SYMC packet - TTH

13333313

SYMNC packet - ITH

[ T S — . T Pk

ETM

ETM™

ETM

ET

ETr EOmTETT oo ¥ T, enfry
ETM Function entry, address = O 1O, eniry
m SYMC padeet - T

= Asseried DWT packet - Cyc counber awerflowed

ETM Function entry, address = 0x 10278, entry
Im-

[Sa Tl

Figure 26. Find in trace
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=l
-

1

2|
a

-
a

You can search for an event in trace. In picture above, see the special event Trace buffer read finished. This appears only for
continuous mode collected trace and signal when a trace is full and is uploaded on the host. Notice that after this event
(which means entering in debug mode for the target), trace packets for resynchronization are sent by the ETM and ITM

modules.

3.7 Timeline view

The timeline view shows a logic analyzer like view of an application execution.
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T . 5% TemceTensineEdns [
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Figure 27. Timeline view

Notice that you have two cursors and you can make measurements on this view. On the left side, the executed function is
shown together with the percentage from the execution time.

c| main.c [ TraceTimelneEditor 3

Selection Mode ZoomMode | Full view | Edit Groups | Configure table -

entry
InterruptTest

Launch

PerformanceWork

Figure 28. Timeline cursors
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3.8 Critical code view

The critical code shows a flat profiler (a profiler that counts each function execution by summing the individual instruction
time; this is different from an hierarchical profiler presented in next section) and code coverage.

o 10240 InternedTen 100 % 0% 4| 312 F
| it
G 1 ) Prfprveanoe ok 00 % 100 % L% 4,148 a4
G 1fffozde Perbarmance] 100 % 0% 43 HT ]
Zor 1O e BEoursnes 100 % 00 % 1491 3,77 5
G 1O man RS 0% = EE ) il
search: | = COF-@-u-%-
Line | Address | Irarurson | Covernge % | ASMDecmonC... | ASMCeurt | Tme (oPU... | -
an i 00 & 43 3
OWlEees pash [£3, 1E) El eevared L 53
L1 #pragma no_inlins o
40 IntarruptTest ) e & 41 az
LLEE 45 Bl *-§ E, Eavared 41 a2
[+ o
L 4 Launch{FerfomanceWork . iterationss}; 100 & 471 hFs ]
OWlffed ide g0, [pe, 00mE2] E eavarad LI i0g
Ol £55 idrab ri, (o8, #0x0] ] covacas 42 ]
OulfLeo 1dr 0, [pe, 10xE4] (£ covarsd 43 [
LLES 444 idest £d, (e0, 00u0] E, rvared 4 A
OxifEEs sdda z2, 20,02 ¥l covaced LH a4
'SR+ 540 exth 13,53 E covered 43 [}
OWiffed ide e0, [pe, 00mdR] [ eavarsd 41 Lid
Omi#FES wish zd, frd, 0d] ¥l covaced il id 1'

Figure 29. Critical code view

You can configure what to see in the upper or bottom panels:

B Criscal Code %

1oz
O 1A 240

lumanch

lnterngpiTest 100 %

11D 244 fody “F prag and drog to order colsmns _ﬂl
190 Perfprmerceivork; 100 % 100 % 1,17
100 % 0% 43 | B Address
100 % 100 % 1,491 | B Fureton _ seead |
G585 % 0% aa B coverage % Deselect ol
B ASM Dedmon Coverage % —
2 B a5M Count BER= A
I — B Tme (CPU cycles] e
| Coverage s | B <, =
o . B se= detouits
GxlEEsn pusk {=8,1z) Fl eevazed
A #pragea no_inline
" IntarruptTasti); 100 & [ox ] cocs |
ORLELE0 B -k &l coverea
41 0
42 Launeh (Parlormancedorh, Lterations+); 100 & 431 728
xlfden lde =20, [pe, BOnSe] E| eavased LH 106

Figure 30. Critical code view configuration

Notice the mixed view (assembly and source code) and statistics for every executed line. You can choose to express the
values using colored bars to easily spot biggest time.

NOTE
Bar length is not scalable at the percentage of each execution. Instead, the biggest time
has a bar showing 100% and the rest are relative. This is done to avoid little values to not
be visible.
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1] i E
Critical Code . File Cover
Address Furcten Coverage % | ASH Dece... | ASM Count | Tme (CPU ... | Sie
O 1FAOG2: Lo 100 % 0% L 1A% 1B
O 1MOCH0 InfiernuptTest 100 % 0% 41 3 F
D12 eniry B85 % = LI 3,135 s
O 1FADR0 Performanceitionk 100 % 100 % L 175 2,165 42
1 Ff0d: Prformands | 100 % 0% 41 1E 2
O 1D e0 B 100 % 100 % 1491 2,7 ]
LA D FhES % 0% 1 pr-] ™
Search: | 2 GO F-&- -1
Line | Address | Inttnaction b ] ASH Degsion C... | &SM Count Time:
OxagLED push (3,1} ¥ coversd 41 [m3
39 #pragma no_inline Q
i IntarruptTest () 00 & B 32
Nxlffen Bl -4 ¥ sevaced 41 B:
41 a
42 Launch {PerforsanceWork, iteration=+); 2100 & (AL Tad
0x1E££0  ldr a9, [pa. #0mkal & coversd Lk ‘108
20 idseb =1, [z0, #0x0] ¥ coveced 43 3
£ idr zd, [po, #0xE4] ¥ coveced 41 -]
OxLEfEn ldrak =0, (26, 10x0] ¥ soveced 43 JE 1 —
DxLLE0  adds £l E0. 01 ¥ savecad 42 il
ORLELED aNTB FT, E3 ¥ eoverad [+ a
Feen Vb A Fmm AReama - an RLFY

Figure 31. Critical code — mixed source code view

You have the option to show code only in assembly:

0w 1M 26 SeaEg 100 % 100 % L% T .
O 1R main TS % 0% ) 7] el
| 2 COF-@-U-C-
Adress Irestruction (e b ASH Decigion C... | ASM Count Time: ain &
Bl =-§ [l eevicad 4L [H
1dr £0, [po, #0x6g] ] coversd 421 [0
ldeas =i, [0, rdxd) a:ﬂﬂllﬂ 43 k]
ldr £0. [po, $0xE4] ¥ covrered 42 ]
ldess =8, [0, 100 [l eevared LH [ : ; —
sdds £3, 0,81 | covarsd 42 [EHE —
suth g3, £l & eovaced 42 [
ldr =0, [po. #0x40] ] coveced 42 [FEL]
suel £2, (E0,89] ¢l coversd LH |1
ldr =0, [po. #0xddE] | covarsd 41 ]
Bl =-6d il eovered 43 | 1
fxiEEEn idr =0, [pc. #0x3a] ¢l covecad 41 [FF -]
LRE ] ldrsn ©i, [0, FORO) ¥l eovered LH L
OxifEED ldr =0, (pe, #0xid] .F_. conered 437 E =

) Comsote |+ Tasks | 4 Remsne Systers | 5 Target Tasks | |2 Srotiems | () Executabies | @ softmare ansiyes £
Figure 32. Critical code — assembly code view

Or only as C source code:
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e afffobe Performanceiiie’ 100 % 100 % LTS 2,365 42

O PR Perfpemance | 300 0% A% 18 -]

o ifff0zed Bersve 100 10 % L9l 2, T ]

i man 95.65 % 0% 301 529 ™
Searche 2 COF-@-UW-C~
Line Irestruction Lot aoe Y ASH] Diecimnn C... | &5 Count Tirree aia

3% bpragma no_inline a

a0 IntarruptTest (] 100 & [ H 32

41 a

iz Lasneh (Parformancedork, Ltaratism++); 100 & [ - et

L% ] Laumch (Ferfomancedork, iterstiom=+); 100 & S TEn

44 a

45 LF [dikmration = FH4) iteration = 0; BT 436 & T IRG

i ] 50 = ¥va2

- P P T T S | S PP T

Figure 33. Critical code — source code view

3.9 Performance view

The performance view is a hierarchical profiler (it shows functions statistics calculated as parent-child or caller-calee pairs).
It presents self-time (exclusive time) for a function (time spent only in that function) and hierarchical time (inclusive time)
for a function (time spent in that function and in all its children functions).

3!

5 i =5

Functon Mame |tmCals | inchstve | ban ind... [ sas tnchu .. | dvginda., | Percen... | Encusive | Mo, | Max B, | dvgd,. | Pevoen., [0
Lty a5 6,858 X 13 B BR53 LET4 12 - F*] 1248
[nbemap{Test a3 3i3 & i¥ ¥ 3i 3i3 & i3 ¥ o0 [}
iy 41 9,508 [F] 7 Fit] 9358 2,338 ] 92 51 L] ;
PBerfrmarEitiar a5 4,534 1n ] £ .81 2,165 11 5 5 1442

I e fomenc

Bepursve 172 T 1 n ] T 17 1 L] -] ]

= 1 MU07 007 N007 8,007 ] 52 529 529 529 1.52 I
1| | X
e [P COF-%-
Calar Caller | Cotes [rumcats [ incusve | e ind.... [ maxtnc... [ g inde., [ Per
Performanceori Performance § 41 [ 3 3 3 [
P Performancs | 1 L] Ll L] L] 34
s Performance | 1 7 r 7 7 &0

Caler
1 | ol

Figure 34. Performance view

3.10 Call Tree view

The Call Tree view shows functions calling the tree together with some statistics.

Software Analysis in CodeWarrior for MCU, Rev. 0, 6/2012

24 Freescale Semiconductor, Inc.
General Business Information




Practical Content

Figure 35. Call Tree view

Notice the dark grey nodes; they indicate the critical call chain, this means the chain of functions that consume most of the
time.

3.11 Log view

If it is enabled, the log will display the interaction of CodeWarrior with the target. You can see how intrusive was the
collection of trace or you can analyze your activity (debugging) for an application execution.

] main.c |_—| Log &%

_Logentry
Process stopped at 19:10:22 2/2/2012

Process resumed at 19:11:14 2/2/2012
Process resumed at 19:11:19 2/2/2012
Process stopped at 19:11:24 2/2/2012
Process stopped at 19:11:24 2/2/2012
Process resumed at 19:11:28 2/2/2012
Process resumed at 19:11:33 2/2/2012
Process resumed at 19:11:37 2/2/2012
Process stopped at 19:11:42 2/2/2012
Process stopped at 19:11:43 2/2/2012
Process terminated at 19:11:47 2/2/2012

Figure 36. Log view
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3.12 Trace in overwrite mode

The figure below shows how to configure trace collected in overwrite mode.

Lzl
[ e, and rum conligurations
Doweiaad o aophoation 12 & Larget, By debug of nun the aoplcation. 3
| X =F- | Pemme= [0 _aconete PPN 1M2_INTERIAL RAM _PrE LMtk
eWaror Astach
——— = Enabie Trace ard Profie
1| eWarror Dorwnbosd

kR _sporate RPN M0 _NTERS L FLAS
W _sporbe_MCTOFM IM0_INTERMAL RN
rch Grogp I e

= ETR " TWrace | Traoelnk

[+ Colect irmtnmentabon Face

| ¥ Collect Profing Counters

Aevrced Sattrgn
2| —— | - —
Piter matched § o § Sems. Il ‘—IQ
@ [ ] o= |

Figure 37. Configure trace for overwrite mode

You need to make sure that Continuous Trace collection option is not checked. Overwrite collection mode is the default
mode.

Please download the application and run it. Suspend it at some point, then Terminate application. Open Trace view.
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3 )’ KON M0 _INTERIMUA HL A Ca
% Trace - k70_appnote_METOFNTMO_INTERNAL_RAM_PnE U-MultiLink - k70_appnote
Call/Branch 4|
Indax |Event sal Dascrption s | Target | Type [fmsta... |
o I Drop packet due o missng STNC before it - ITM - val mdxed Infa L]
1 ™ Drop padiet due o missing SYNC before it - ITM - val mdx3f Info [
2 M Drop padoet due to missing SYMNC before it - TTM - valwlteS Info L1}
3 ETM Drop packet due to missing SYNC before it - ETM - valsOxB4 Info 1]
4 ET™M Drop packet due to mssing 5THC before it - ETM - val sOn42 Info a
5 ET™M Drop packet due to mssing 578C before it - ETM - val=0x 38 Info L1}
& ET™M Drop packet due to messing 57HC before it - ETM - val =0x45 Info L
7 ETM Drop packet due bo mssing SYMC before It - ETM - val=0n38 Infe ]
B E™M Drop packet due to messing 57N before it - ETM - val =0n42 Infe L
¥ ETM Drop packet due to mssing STHC before it - ETM - val =0n39 Inife Q
1} E™M Drop pacet due bo missing SYHNC before it - ETM - val=0x51 Info 0
11 ETM Drop packet due bo mssing SYNC before it - ETM - val =088 Inife 0
12 ETM Drop packs? due b0 mssing SYNC before it - ETM - val mOnB4 Inifes 0
13 ETM Drop packet due to missng STNC before it - ETM - valmOx42 Inifes L1}
14 ETM Drog packet dus to missing SYHC befone it - ETM - vale0nf Infe 0
i5 ETM Drop packet dus to missng SYHC before it - ETM - val mOxB4 Infe 0
16 ETM Drop packet dus to missng STNC before it - ETM - valmilnh? Infa L]
17 ETM Drop packet due to missing STHC before it - ETM - valelx4 Infa 0
sy Faar] T —— o PR e fass b ETR -l el Wi, i

Notice that start of trace has a lot of dropped packets. This is because in overwrite mode, trace has big chances to overwrite

Figure 38. Dropped packets in trace

the synchronization packets.

-

g M TOFT MO _INTERN RLAM P .

_appnote_METOFNTMO_INTERNAL_RAM_PnE U-MultiLink - k70_appnote

L]

% Trace - k70
e Call/Branch 4 .
lrﬁaxlﬁvent 5¢| Description Source || Taret Type |Tl'rlaata [
1313 ET™ Drop packet due: to missing S5YHC before it - ETH - valwinci4 Info o
134 ETH Drop padoet due: to mssng SYHC before it - ETH - val w42 Infs o
135 ETH™ Drop padket due in migsng SYNC before it - ETH - valein:2g Inife o
136 ET™ SN packet - ETH Infa ]
137 ETM Function <ng debug info >, address = 0, <o debug .., Linear ]
138 ETM Branch from <no debug info> to <no debug info >, Source ... <no debugin.., <no debugin... Branch o
13 M Drop padiet due bo missing SYNC before it - TTH - valsily22 Info o
140 ™ Drop padioet due to missng STHC before it - ITM - valsiins Info o
141 m Drap padiet due to missng SYNC before it - TTM - valm0x20 Irifa o
142 E™ Function <no debug info, address = Do, m Linear o
143 ETM Function <no debug info>, address = D0, <re debUg ..., Linear o
] ETM Function <ng debug info >, address = 0ws), <re debug n.., Lingar ]
145 ETM Branch from <no debug info> to <no debug info ». Source ... <no debug in... <no debugin... Branch o
145 ET™ Function <no debug info>, address = (k. «rea debug n.... Linear o
147 ETM Branch from <no debug info> to <no debug info >, Source ... <no debug in... <no debugin... Branch o
148 ETM Funscton <no detug info>, address = (o0, <rsd dhebusg in.... Linear E:J
149 ETM Function <no detug info>, address = (o0, <o debug in... Linear 5
150 ETH Function «<no debug info>, address = 0wk, <red debiag in..., Linear 10
TEw T L i e I e e N e e b e ks i D mm e “

See above how an ETM synchronization packet obligates the decoder to correctly recognize the ETM packets. However,
notice that logic function is not yet restored, since at this point addresses and time is relative to 0. An address and a

Figure 39. Partial trace synchronization in overwrite mode

timestamp syncronization packet is needed to correctly decode the stream.
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5] maine

| k70 sppnote JMKTORH 140 INTERNAL_RUAH_PrE Ubhislnk 1

% Trace - k70_appnote_METOFNTIMO_INTERNAL_RAM_PnE U-MulhLink - K{0_appnote

Call/granch 4|

a
M oAk k] F

477

Indmclﬁmt 50| Description Eowcal] Target | Type |Timestamp (Cy...
=6 E™ Funcson <ng debug nfo>, address = (4, <ng debug in., . Lirssar 6,002
w51 ETM Branch from <no debug info> to oo debug infor. Sounce address = Doc... <no debugin... <no debug in... Branch 5,002
62 E™ Funcson <no debug nfo>, address = (22, no debug Lirsnar i, 00
w3 ETM FLnCBon <nd o>, = o dhebusg in.. Liresar 6,008
4 E™ PEVHC PACKET - ETM - pearicadhs |5y, i 1NN | secure sEate. Custom s, Ok
E-] m Drop packet due to mssing SYMC before iT - = il =S Infia Q
] ™ oo paschoet chus: b missng SY8C beefiore it - T - valwihod Infs -]
T - Doy pachoet chuse: b missing SYHC beefiong it = T « valw{woD Infa (]
= )] Drop packet due to missing SYMHE before it - [TTM - wal =ldf Infa -]
£ m Do packet des b mssiey SYMC before it - TTM - vl ={nS (]
e Rearee
473 ETM Func F ess = O FROA2. Reorsee
4T ETM Function Recunsree, address = O] FIR0GE, Reorsve
473 ETM Branch from Reorse o Reorsve. Souroe address = (1RO, Targ... Recursie Rb0Lr s
474 ET™ Function Recursrve, address = 01 FIOGET Reourse
4TS ETM Functiom Recunsies, address = 0o 1F0GT. Reursie
41 ™ Branch from Resaursve to PerformanceiWork. Source sddress = OnEff0f... Reorsve  Performance...

L

Functon PerformanceiWork, addness = 0 1Fi00ce,

[ N S—— TR R m—— . -

Rewioamanas,

5,560, 178,891, 736

TERT T

Figure 40. Complete trace synchronization in overwrite mode

See above how a synchronization packet for address makes trace to correctly decode the functions and later, timestamp sync
packets (not specifically shown in trace) display the correct timestamp (see the jump from 6,008 to 5,560,176,891,786
cycles). From this point, the trace is perfectly synchronized, both for address and timestamp.

3.13 Trace collected with an external device

An external device (Segger J-Trace or P&E TraceLink) can be used to collect trace in overwrite mode, but with a bigger
buffer (internal buffer ETB has 2 KB, external device J-Trace has 8 MB, external device TraceLink has 128 MB).

NOTE

The internal bus from ETM and ITM to Trace funnel (common sink, that mixes the two
trace streams in one stream) is 8-bits wide. The path from trace funnel to ETB is on 32
bits, so it allows to buffer packets that come at great speed. That’s why, ETB has the
lowest rate of lost trace.

From Trace funnel to TPIU, the bus is on 8 bits. From TPIU to TPA (Trace Port Adapter)
where external devices are plugged, the bus can be set to 1-bit, 2-bits or 4-bits. Notice
that this is a bottle-neck and causes losing trace when it comes with a high frequency

rate.

This is how to set trace collection to use the Segger J-Trace external device:

Software Analysis in CodeWarrior for MCU, Rev. 0, 6/2012

28

General Business Information

Freescale Semiconductor, Inc.



h

Practical Content

i}
v, ge, and rum config ions |.
Dierriaand o Byt bon 15 B B e, B b o rur Bt mpyskiten.

Mame: [ k70 soprote_Me 70PN MG PITIRMAL_RAM_Prl UMtk
[tvee fter eew ru\_'n-u-w'_-t: n:b.wl; mm_-h.a-utm-t:-ﬁ l:m[-d"Trnde\lﬁ-\__
eWarror kttach
S ¥ Erabie Trace and Profie
e Dowriosd
kM) _aponcse_MCTOPN ) iR, s || e m ™ Tracelrk
kM) _pppiene_MICTOFN 240 _INTERNAL RaM |||
rich Group

P Colect ratumentsssn Fae
|| P Colect Prafing Courters

mm'
I E— 4 o
Fiter mafiched § of & ders: | Qg |
(7 [ows ] come |

Figure 41. Configure trace collection with Segger J-Trace

With J-Trace, Continuous Trace Collection is grayed, because only the overwrite mode can be performed. However, you
have Keep all trace buffer option that enables the Pseudo-continuous collection mode. In this mode, whenever suspend
application execution trace is collected and kept in CodeWarrior. At next suspend, the new trace is appended to the old one.

Download application on target and set a breakpoint as shown below. We do this to not collect too much trace, because

decoding a large trace takes some time. To demonstrate Software Analsysis basic concepts it is ok to collect a small amount
of trace.

for(::) {

entry():
"itmLStim;G = Ox87654321;
} /* loop forever */

Figure 42. Setting a breakpoint

Resume application and when it stops in breakpoint, Terminate application. Open Trace view.
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% Trace - K70_appnote_METOFN1MO_INTERNAL_RAM_PnE U-MultiLink - k70_appnote M oar 0l

CalfBranch 4|
Source | Target |

—

3

'Il'rdttlE'\fIﬁt 50,-.| Description
ET TSTHC PACKET - ETM - €t from debug S, B0 =T TSR , seci.,

s, E55 = L 2.

Funchon main, sddress = O 102 e.

Fumction main, sddress = Ty L0006,

Eunction main, address = L0 30a.
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Function Performanceitiork, sddress = O 1FFRI0, e
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Figure 43. Trace overflow

Notice that the trace starts from the first record, there are no more triggers in trace. Also remark the synchronization packet
that is put by trace after a trace lost (tracing restarted after overflow). This overflow is ETM internal overflow, because the
external device cannot read the whole trace at the same rate it is generated.

3.14 SWO trace

The SWO trace is a light trace. Only ITM trace is recorded this way. SWO requires the debug to be executed over SWD
interface. In this paper, a Segger J-Trace external device was used to collect SWO trace.

See below how to change the debugger option from using JTAG to use SWD.

Target: I B k70_appnote_MK7OFNIMO_INTERNAL_RAM_PnE U-MultiLink Target E| Edit... Hew..

Connection type: |1-Link\)-Trace for ARM

Attribute [ value
Debug port interface SWD -
Delay after reset [ms) ITAG
TTAG/SWD fixed speed (Khz)
ITAG/SWD speed Fixad
Resat Kinets
UISE device 0
Add Remove
™ Enable logging

Figure 44. Configure debug connection for SWD
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Open Trace and Profile settings and configure SWO clock.

= Dirbug 1 onlegurakcmrs ]
Creraite, g, and ren conlfig ioms
Demwrlosd an acplcaton 15 6 trget, Ten debug o run Se appleaton.
| Tl %853~ Boamne: [ £70_ncrsate_MICIOFN 140 _POTERSGA,_RLAM_Prif L-Msrk
roe B e (1) Mo [ deqaments (35 Dengaer 5, Source [P Emrorment [ Comman [ Trace anc ot
leiidareior Aitach
e arator Cormmet ¥ Ensbie Trace aed Profie
Ietdarror Digsmicad :
70_sponote_ MR ) _INTERIAL FLAS rEm F Tirace ( Trscelek
e 0_pgeaicte MNP 0 _INTERNAL FLAM
e G ™ Koep ol trace buffers

(k7] (7 590 )

Core dlode: m

™ Lom Power Profiing

¥ Enable Logang

I~ | Sonkireers Trace Collactior

E™™ e

¥ | Golect Program Trae ¥ Collect ratrumentation trace

¥ Collect Profiing Counters
wm|
A — I
Ay Revert

Fiter matchad & of f iteme. _I_I
e
@ Cone

Figure 45. Configure trace collection with SWO

Notice that you need to provide a core clock to be used by SWO protocol. This is not the speed of the core, but it is somehow
derived from it. For a K70 device (MK70FN1MO) this speed is 10 MHz.

Download the application on target and resume execution. Suspend application and notice that the trace is uploaded and
decoded.

;

]

(o maine |5 sartpe

% Trace - K70_appnote_ME7OFN1MO_INTERNAL_RAM_PnE U-MultiLink - k70_appnote PR Y T
) Call/Branch 4|
Index |Ev-'||: !‘-u| Deserption Souce | Tagat Type |ﬁmt.l |
@ m Drop padet due o mssng STNG before it - TTM - val={ncd Infa Q
1 m Drop packet due bo missng STHE Before i - TTM - val =fha) Infa. a
2 m STMC pachoet - [TM - bmestamp value dealyed related o [TH padet Inf L)
3 m Asmeried DWT packet - Cye counber overfiowed Sagnal &
4 ™ ST pacioet - TTM - bmestanp vl dealved relaied to [TH padet Infa: Il
5 I SWIT pascheet nege= 201 vl =ile 11223344 - [TH - Bmestag i n sync with ITH pecet Cusibos i5
& ™ Asssried DWT padiast - Oyt counbsr tvefidwd Saral Ls
7 T ST paciont regm o0 vl 0 S5EETIEE - T Cugtos 15
] I Crverfiow packet - [TH Infa 15
k] I SWTT packet reg= 0 val sl M I4321 - [TH Custom (4]
=} m Orverfiow packet - [TH Info: 1%
11 m SWIT packet reg= 50 val sl P 5AI21 - [TH Custom L5
2 m Owverfiow padet - [TH Info 15
13 e SWIT paacket regs= =0 val =S Pe 54321 - TTH Cushom 15
L] ™ Orverfiom padet - [TH Infa 11
i5 I« SWITT pacist neg= a0 vl =laSPE543T 1 - ITH Cusbes i5
(L] m Crvoerfiow paie! = [TH Infs 15
i T SWTT pucont neg = I vl QB PG A2 - [TH Cumtom ]
vk L] L e e L ™ Fon e i

Figure 46. SWO trace
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Notice that the values write from your code (by instrumentation of the code) are in trace (for example, 0x11223344,

0x87654321).

You can choose to not trace for Performance counters to free some bandwidth.

5 Debuatonfgurations x|
i Crante, mannge, and un confiqurations i
Drrerinad o spypsle 6% B Larde?, Ser debag or run e apahia bon.
£
1
1 E®| =3~ | P [ 70_poonote MR IMG_PITTRMA,_RAM_Prl U-MultLnk
[time e et (1) Mo [ togramerts [ 5 Debupger |13 Source | B Erwrarmment | ] Comemon [ frace e |
eWamor Attach
winarer Cornect [ Eraltie Trace and Profie
» | ewWemor Downinad
| 70 _spenate pachora g _perersa Fss | - R = T Tracekek
© | P0_ppenate_MITOFH IMO_BITERMAL_RAM
L || h G I~ Keep o race buffers.
i ~ wa Lo
Core ok 10
™ Low Power Profiing
' Eraltia Loggng
I Cordiems Trace Caledion
f e~ .
| F ¥ Colect ratnumentation bace
([T Ratect Profing countrs
i
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'
o | ]| | |
¢ | Fiter matched & o1 6 items i L
@ oo

Figure 47. Configure collection without Profiling Counters

The trace contains only instrumentation packets.
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4 m SWIT padeet rege &0 val=0w3 7554321 - ITHM Cusbom 102
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Figure 48. SWO trace without Profiling Counters

4 Conclusions

Using the Software Analysis feature from CodeWarrior will help to better understand your application, to identify root causes
for various issues (for example, application crash, and exceptions) and to optimize your application. There are plenty of
features and ways to investigate your application. Choose your best fitted Software Analysis feature for your project and for
your goal.
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