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1. Introduction

This paper helps the user to entirely exploit the trace and troubleshoot most often situations that the
developer is confronted with while debugging the application.

Trace is just one of the functionalities supported by the analyzer module. Beside the trace, the analyzer
features data and execution profiler, execution coverage and access coverage. Refer to other documents
for more details on these functionalities.

This document assumes that the user is familiar with winIDEA. If this is not the case, refer to other
documents, like Software User's Guide and Hardware User’s Guide delivered with the development tool,
to get familiar with the IDE and the development system.

2. Facts And Restrictions

Described trace features and functionalities apply to iISYSTEM HC(S)12 ActivePODs supporting Motorola
68HC12 and HCS12 families.

Trace depth: Minimum buffer 32K frames, maximum buffer 128K frames
Time Stamp: 20ns
Time Reach: Unlimited

There are restrictions arising from the CPU itself when recording accesses to the internal CPU memory
resources (RAM, EEPROM, registers).

No internal RD and WR cycles are visible when the CPU operates in 8-bit mode. Thereby, no trigger or
qualifier can be set on these cycles.

All internal RD and WR cycles are visible but data bus is not active during internal RD cycle when the
CPU operates in 16-bit mode. Respect this restriction when setting trigger or qualifier.

Above restrictions apply to 68HC12 and HCS12 CPUs. Other CPUs might impose different restrictions.

3. Trace Toolbar

Basic toolbar allows basic navigation through the trace record and setting up all the hardware-based
settings like setting trace buffer size, time stamp resolution and trigger position, selecting trace mode and
configuring trigger and qualifier events.

Trace record can be exported in a text format, various filters set and custom logical and group signals
created using the advanced toolbar.
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Figure 1. Basic toolbar
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Figure 2. Advanced toolbar




Trace Toolbar:
1. Hardware Configuration
2. Trigger Configuration
3. Begin
4. Stop
5. Function Tree
6. Options

7. Duration Tracker Status Bar

8. Timing view

9. State View

10. Swap Views (active only when both, Timing and State View are selected)

11. Configure Signals

12. Insert Logical Signal

13. Insert Group Signal

14. Configure States and Filters

15. Collapse Toolbar

16. Export

4. Trace Window — Display Options

After the trace recording completes, the trace buffer is uploaded and analyzed, and the results displayed
in the trace window based on the display options.
Display options are set either by using the Function Tree toolbar, where pull-down menu is available or
Options toolbar, which opens the ‘Options’ dialog.
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Figure 3. Function Tree toolbar pull-down menu



Options |

Generall I:::-I::-rsl Tirning Yiew State Yiew |

— Content
Shiow Bus Status: [T Belative Time
WiDisgssembly i [¥IFetch ™ Show function tiee
[ |Dizaszembly Data || [w]'wiite :
[w]Label v Other ¥ Thin markers
[w|Source Line
[ JAddress

molid Initializel)
Initialize

CALT 204F

Tab Size: I':'

v Hide Empty Content Lines

Setdz Default... | ] 4 I Cancel Help

Figure 4. Options dialog

Low level info on CPU bus activity is displayed when ‘Fetch’, ‘Write’ and ‘Other’ options only are checked
in the ‘Bus Status’ field. Only access type separates recorded CPU cycles.

g FOOS EESL 500 ns| 0000 Disassembly
| P 2 10 FOO& 3420 533 ns| 0000 ;
11 FOOC,  F9z5 366 ns| 0000 Disassembly Dats
1z FOOE SFCF 416 n=| 0000 Label
13 Folo 16FF 450 n=s| 0000 Source Line
14 FOOG 6C02 500 n=| 0000 Address
15 FOOS EES1 533 n=| 0000
16 FOOA SAZ0 566 n=| 0000 v [Fetch
17 Fooc Foz5 6l6 ns| 0000 w0
1a 2008 0ooo 650 ns| 0000
19 FOOE 3FCF 700 n=| 0000 v Other
Figure 5. CPU accesses displayed
Check the ‘Disassembly’ option to display the disassembly in the trace window.
! FOOS EE=L|CEx #2034 300 n=| 0000
> 10 FOOL 3420 333 n=| 0000
11 FooC Foz5|ECS FOO7 366 ns| 0000
1z FOOE SFCF 416 n=| 0000 [V Disassembly
13 FOl0 15FF 450 ns| 0000 _
14|  Fo0s  &COZ|3TD 2, ¥ 500 n=| 0000 Lleksianlsly Deta
Label
15 FOOS EESL|CEX #2034 533 n=| 0000 Source Line
Address
16 FOOA SAZ0 566 ns| 0000
17 FoOC F2z5|ECS FOO7 616 ns| 0000 'w Fetch
18 zoo08  oooo 650 ns| 0000 v irite
19 FOOE SFCF 700 n=| 0000 v Other

Figure 6. CPU accesses and disassembly displayed
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In Figure 6, it's not clearly visible where the disassembled code starts and which bytes from the data bus
belong to each disassembled instruction. For example, it's not clear whether CPX #203A instruction
(frame 9) is located at OxF008 or 0xF009 and how many bytes does it occupy.

Check the ‘Disassembly Data’ and ‘Address’ options to get more detailed disassembly. In Figure 7, we
can see that CPX #203A starts at 0xFO09 and occupies 3 bytes of code.

OF-CODE Fetch
Code Bead

OP-CODE Fetch
Caode

Code Bead

OP-CODE Fetch

O0P-CODE Fetch
Code Fead

O0P-CODE Fetch
Memory Write
Code Eead
Figure 7. CPU accesses and disassembly with address and data displayed

Check the ‘Source Line’ and ‘Label’ options to display source lines and labels in the trace.

O0P-CODE Fetch

O0F-CODE Fetch
Code Eead

OFP-CODE Fetch
Code Bead
Code Bead

Memory Write
Figure 8. Source lines, disassembly and labels displayed




5. Handling Trace Files

WinIDEA supports use of more trace files simultaneously. Figure 9 shows winIDEA window layout with the
trace window opened. WIinIDEA names the default trace file opened in the trace window based on the
project name.

Sample - winIDEA - [D:\Samples'\ICE\STAR 12 CosmiciNobank', Test.c]

File “iew Project Hardware Debug Tools  Window  Help _|ﬁ'|£|
[ wvoid Type_Arraysi() ;I Address | Data Disassembly Registers |fll
=]
! Type_Arrays ~| SP 3FDD »
char alZ][3][4]/ void Type_frrays() PC F18F |
int 1,3,k; _I F18C 1BF1E2 LEAS -A81E, 5P CCR SX
For (i=0;i{2;++i) narF "7
(=  for (i=0;i<z;:4++1) »F18F 87 CLRA B A4
’_ for (j=0:j<3:++3) F198 C7 CLRBE D 3FBL4
[ for (k=0;k<4:++k) F191 6C8Y STD B4 ,5P & 292n
[ ali] [3] [k]=i+i+k: for (j=0;j<3;++j) v pael |-
F193 87 CLRA £
w
l_ iDataChangeVar=1; F194 C7 CLRB J b
- F195 6C82 STD az2,sp E
| » For (k=0;k<4;++k) | 1l
x| | ='Watkch g| «| o| =
(¢ ¥ rom-70@Er T wev « M = —
— — — — — j." Name ¥alue Type
EH] e Er] EH] EH] - g "
Mumber | Address Data Content Time g J..gcuwn(t:cuunter EXE;ES short ﬂ
14793|  Fe9z|  860D|bA.um _bd-0; 531, 351635 Bz || [l S = shext
ECLE 06, 5P, #80 % 1DataChangeVa: 0=0001 zhort
[k iRe=sultOK O=0000 short ~|
-
14734  F29z 8500 531.351683 ma | 5 || 4 | 0[5 Wiatchl p wiatch2 3 Rtwatchl £Rew] 4] »]
E»| 14795 Fzo4 C780|for (m=0;niCounter ;u+) 531.351717 ms=s '§
CLEE = | =Variables Bl =] o] =]
E _
14796|  200E 0002|iDataChangevar 531.351750 ms | || Comtewt [ vaid Type_Anaysi) =l
iDataChangeVar+l % Name | ¥alue Type
14797|  F402 C70E|for (i=0:i<2:+H) 531.420033 s |0 (B2 (i=F7xFDNeBA, "1X"xAY unsig
CLRE 1 g i Ox7918 short|
“‘;;"F b 0=z0E09 =hort
14798 3FF7 0000 531.420083 us | i Duk04h ehort]
I« 77 e T S R I
[P 531351717 ms D:-Bd s | M2: - [ M1 - MUST INIT ‘ﬁ A | v | Locals 475000 this ] ]
Ready Ln128, Cal37 | OVA

Figure 9. winIDEA Window Layout

Note that the editor window is ‘MDI’ type and the trace window ‘Dock’ type. Modify them if necessary using
‘Window Type’ option from the local menu.

To save the trace record as a document file:

e Make sure that the trace window is focused.

e Select ‘Save As...” from the File menu and save the trace file. Trace file is saved with the .trd
extension.

Assume that we have recorded three trace files: Examplel.trd, Example2.trd and Example3.trd. Trace
window can display only a single trace file. More trace files can be opened in the editor window. Open
each file by selecting ‘Open’ from the File menu. Trace files are opened in the editor window, probably
overlapping each other (MDI window type). The user may switch among them by using Ctrl-tab shortcut,
however, this may not be very convenient.

Select ‘Document Bar’ from the View menu. Document Bar displays all the files being opened and allows
quick navigation through the files (Figure 10).

= Dacurment Bar E| :| E| £|

Example.trd ” Example2 trd  Examples.trd | Sample.trd | Test.cl

Figure 10. Document Bar

Project Workspace window use is an alternative to the Document Bar. Close the Document Bar, open
Project Workspace window by selecting ‘Project’ from the View menu and add a group called ‘Trace files’
using the local menu. Next, click on a newly created group, select ‘Add files’ from the local menu and add



all three trace files. Now, the user is able to navigate through the trace files by simply clicking the files
(Figure 11).

=1 Files [ Debug ] k|
#-[_ A5M-Source Files g
1 Build Support Files ::Jll
[ C-Source Files
[ Documents
[ Generated Files
3 Library Files
B Examnple trd
Ewamples trd o
e Ewample3.trd ﬁ
[ Vectar =
- Dependencies §
£
e (=}
F'ru:-ieu:tl"[j S_I,Iml:u:ulsl ﬁ

Figure 11. Project Workspace Window

Sample - winIDEA - [D:\Samples'\ICE\STAR 12 CosmichNobank' Examplel.trd *]

Eﬁile Wiew Project Hardware Debug Tools window Help _|E|i|
=[CEEmERE B2l gl =l Address | Data Disassembly | Registers |5|
IEXaI‘nDIE‘LtId Example2.tld| ExampleS.tldl Sample.trdl Test.cI Type_nrrays ;I Sp 3FDDﬂ
void Type Arra PC F18FEI
F18¢ 1BF1E2 LEAS -881E  CCR SX
. T . = | .

J% J.T|>° ?@@Iﬁl_ﬁu(ﬁfv « & for (i=0;i<2;+ A 3F
5 i g BF18F 87 CLRA B 04
Number | Address | Data Content Tim F198 C7 CLRE D 3FBYy

2z raoa]  ssec|sID 0s, P 1.114333 ms F191  6C84  STD B4,SP & 202A
for (j=8;j<3;+ Y 8981
43|  Fa06 D4C6|char c=4; 1.114883 ms F193 87 CLRA
LDAE #PORTC (04) F194  C7 GLRB
F195 6C82  STD 02 ,5P
aal  zooE 0006 |iDataChangeVar 1.114917 us For (k=B;k<u;+
iDataChangeVar+l F197 87 CLRA
Memory Write F198 C7 CLRB
45| 3FFe|  113F L. 401033 ns Sz pERY ST
af|  Fa5e|  FDOE[iResultOK++: 1.401083 us a[i][j]1[k]=1+] =z
LY iResult0K {200C) F198 EC&4  LDD 84,5P £
_I;| F190 59 ASLD L 2
[4] | » F19E 59 ASLD 2
[P 1.401150 me :297.1291€ | M2 - [M1: - F19F 3B PSHD ~| n
='atch 8] ~| o] = x
. = : Aot e ® )OO B-TEEE B wmy « EII
ame alue ype
E= E= E= E= E= i
o rFe == =H =H == == re
}gown(tjounter EHE;EE SlEr j Number | Address Data Content Time j%l
] = Slaari 14793 Feo2 860D |hA.m_hd=0; 531.351633 ma| | -
iDataChangeVar @ 0=z0001 short BCLE 06, 5F, 80 =
iResul tOK 0=0000  short - 3
4 |» [N owiatchi 3 Watch », Rwatch £Rua] v 14794| Faga &60D 531.351683 ms| |=
[ 14795 Fz9a C780|E0r (m=0;n<3Counter s ut) 531.351717 ms| | =
=Yariables Bl 4] ] % CLEE §
- %
Contest |void Type_Anays( [ 14796]  z00E 000Z|iDarathangeVar 531, 351750 us| |
Name Type ilataChangeVar+l i
w
; = i
=2 unsigned char [2][3][4] L 14797| F402[  C70E[for (i=0:;i<2:++i) 531.420033 us|—|
1 short CLEE %
] short £
KN A
k short hd E
[0 [ Locals 0 this N« ] [P 531351717 msDellns M2 - [M1: - i
Ready VA

Figure 12. Two trace files



Troubleshooting Scenarios

5.1.Record everything

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

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

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

Example: The application enters unexpectedly in a halted mode (sleep mode, power down mode) during
normal program execution. Such cases can be investigated only by using the trace since the CPU is no
longer under the debugger’s control while in halted mode. Using the trace, the course of program before
the halted mode entry is recorded and the source of the unexpected entry can be found.

e Select ‘Record everything’ operation type in the ‘Trace configuration’ dialog and make sure that
‘Continuous mode’ option is checked to ensure that the trace buffer rolls over while recording the
running program. The trace will stop as soon as the program execution is stopped.

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

Trace configuration |

Trigger |

—{* Record eventhing —— 1 Use tigger/qualifier

Time zlice ITime *I Trigger Lizt @ ot
I'IEIns

— Buffer Size
& Min ) May

— Load ltems ———— =
- i [EanfiEure... [EaEy |
¥ AU signals
W Time stamp Select Active Iimager |
— Operation

[ auto ztart when CPU starts [ Or tigger break execution

k. I Cancel Help

Figure 13. Trace Configuration dialog

With these settings (Figure 13), the trace records program flow while it’s running. As soon as the program
enters halted mode or is stopped due to any other reason, the trace stops recording. The source of the
problem can be analyzed easily since the program flow before the program stop is recorded.



5.2.Plain Trigger/Qualifier Configuration

Configuring simple triggers set on a variable being accessed or an instruction being executed are
described in this section. Additionally, simple qualifiers are configured.

If it's required to stop the program on a trigger event, check the ‘On trigger break execution’ option in the
‘Trace Configuration’ dialog.

Example: The trace starts recording after the Type_Struct function is called for the fifth time.

e Select ‘Use trigger/qualifier’ operation type in the ‘Trace configuration’ dialog, add and name a new
trigger (e.g. AddressTrigger), and open ‘Trigger and Qualifier Configuration’ dialog.

Trace configuration |

Trigger |

1" Record eventhing —— % Use tigger/qualifier

Time zlice ITime *I Trigger Lizt ﬁ by
|1 Ons = |&ddress Trigger

— Buffer Size
) im0 b e
™| Cortinuows mode

— Load ltems :
- i Configure... Copy |
¥ AU signals
W Time stamp Select Active Trgger |
— Operation

[ auto ztart when CPU starts [ Or tigger break execution

k. I Cancel Help

Figure 14. Trace Configuration dialog

e Select ‘n*B’ for the trigger condition. When the trigger on a first occurrence is required, ‘A’ can be
opted instead of ‘n*B’ in the trigger condition field.

e Set Type_Struct entry point for the event B and set 5 in the counter field.

e When configuring an event on a code, select ‘OP-CODE Fetch’ access type for the Control Item to
obtain correct results, which may otherwise be distorted due to the CPU pipeline queue. Select either
‘Memory Write’ or ‘Data Read’ access type when configuring an event on a data.

If the minimum buffer size is selected (default selection) and the trace buffer was filled completely, then a
first half of the trace buffer contains program executed before the trigger and a second half contains
program executed after the trigger.

When a maximum buffer is selected, the trigger position can be set at the beginning, center or at end of
the trace buffer. Set the position based on your particular case since the code being of interest can be
executed after or before the trigger event.

The trace is configured. Figure 15 depicts current trace settings. Initialize the complete system, start the
trace and run the program.



Trace |

Trigger and Hualifer I
— Options A
Conti : Address 71|08 Data  EZ2)5| Contol B[] AU pa| ]
¥ | Eratile pipeline analyss
™| EEEtive Timer
Buffer Size Min -
Dutput Signal ITrigger TI
— Trigger r IE 3
|”“B < Address 27|] Data  2|85] Control =2|B| AUX =2y
Type_Shruct FETCH
Paosition I Center X I
I} kit Tiime < I
= bz e = I =
Addiess F2)0| Data 5[] Control 2[R AL g2 ]
[T watchdog I
— Lualifier
IEver_l,lthing j 2
R d
= Address E|E| Data aIEI Control ﬁlﬁl Al ﬁlﬁl
IEI 'I gamples before
I':I ]' zamples after G
Time Stamp ITimE vI
k. I Cancel Help

Figure 15. Trigger and Qualifier Configuration dialog

Let's inspect the results (Figure 16). Trigger point (frame 0) holds fifth Type_Struct function entry.

Number | Address | Data Content Time
-7 3FFE ooaoo -233 ns
-G 3FFE ooaoo -185 ns
-5 FOALRG 1628 (Type_Struct(): s -153 ns
J5E Type idtruct (FZl:
-3 FOAS 13F2 -121 ns
-2 FOAR File -55 na
-1 AFFE FOLR -33 na
] FZl2 1B3D|woid Type 3tructi() 0 n=
Type 3Jtruct
LEAS -0011, 5P
1 Fzl4 EFFl 33 ns
Z Fzla Z0FC|if (iResul t0E==0x7CDA4) 65 na
LDD iRezult0E (200C)
3 Fzl& SCOC|CFD #TCDL 116 n=
4 Fzli D4ATC 150 ns

Figure 16. Trace Window results
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Example: The code writing 0x166 to the iCounter variable needs to be analyzed. The same trace
configuration can be used to verify that the variable never gets written 0x166 as for instance expected
from the application. In such case, the trigger would never occur normally.

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

e Select ‘A’ for the trigger condition.
e Configure 0x166 memory write to the iCounter variable as the event A. Set iCounter address in

the ‘Address Item’ dialog and check ‘Cover entire object range’ option.

Trace Address Item E |

Eram.... | I#iEDunter
¥ Cover entire ohject range Cancel |

(2 [0x2) bytes
Tic.. | |

— 1 daszk

31E28 E?Eﬂ EBEED 19|§1E

(28 2 2 T ol 2 Il R 2 2l T vl 2 ol

15|§12 11|§a FA T T T |
FFFF FFFF FFFF VRV

Figure 17. Event A Address Item dialog

¢ Next write a value in the ‘Data Item’ dialog and select proper data size. Maximum ‘Data Item’ size is
limited by the CPU architecture. Only 8 and 16-bit values are valid and can be monitored properly in
case of 16-bhit CPU. Correct triggering on 32-bit variable requires code arming.

Trace Data Item E |

1 Mask

31E282?|§2423EED19|§1E

FVFVF FVVV VKV VIV

15E1211EE?E4 SFD

MM MMMV FRVFF VRV

— [Data Size [bitz]
" B bits
&+ 1F bits

[ tonitor data value change

] 4 I Cancel

Figure 18. Event A Data Item dialog

e Set ‘Memory Write’ cycle type in the ‘Control Item’ dialog.
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The trace is configured. Figure 19 depicts current trace settings. Initialize the complete system, start the
trace and run the program.

Trace |

Trigger and CHualifer I

— Ophions A

I~ Eonfinuous mods Addiess B Data || Control ]| aux ik L

e HiCounter [sizi | 0166 [16Bit] [MEM wWhR

™| EElative Timer

Buffer Size  |Min <

Dutput Signal ITrigger vI
~ Trigger —BF |1 3.

| 2 =] Addresz B2 Data  E2]E| Contol B2[R8] Al el
Pasition I Center i I
N I
= bz e = I =
Addiess F2)0| Data #E| Control 2B AU AL
[ watchdog I
— [ualifier
IEverything j 0
Record
= Addrezs E|m| Data EIEI Control E|EI Al E|E|
ID vI samples before 1
I':' :Iv zamples after O
Time Stamp I Tirne - I

2k, I Cancel Help

Figure 19. Trigger and Qualifier Configuration dialog

If a Ox166 write to the 1Counter variable occurs, the trace triggers and displays the code that caused the
write (Figure 20).
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== =5 == == == T
88 =H = =8 88 =B
Mumber | Address | Data Content Time ALY
- 3FFa oo7a -250 n=| 0000
-5 2000 0000 |iCounter -200 ns=| 0000
iCounter+l
-4 FOGE 3100 =167 ns| 0000
PULY
=3 FOGE 3100 =133 ns| 0000
-2 FO70 373D |CPT_Recursion EXIT -83 n=| 0000
BETS
-1 FOTZ O5CE -50 n=| 0000
0 2000 0le6 |iCounter 0 n=| 0000
iCounter+l
1 2000 0000 | iCounter 33 ns| 0000
iCounter+l

Figure 20. Trace Window results

Example: Timer2Int routine only is recorded.

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

open ‘Trigger and Qualifier Configuration’ dialog.
e Select ‘Anything’ for the trigger condition and ‘Q event’ for the Qualifier.

e Define Timer2Int routine for the event Q. When configuring Address Item for the event Q, select
Timer2Int routine from the Symbol Browser and check ‘Cover entire object range’ option. By doing
so, the Address Item is configured on a range bounded by Timer2Int entry point and Timer2Int
exit point. A range size is displayed below the option, being 150 bytes for Timer2Int routine.

Trace Address Item E |

— 1+ Bange

Eram.... I ITimerEInt

v ‘Cover entire object range

[150 [0295] bytes

Al

— 1 daszk

A EEB

o i e

15E12

(o i

2?E24 EEEED

FFVFVF FWFV
nl e 7% 4
FFVF FFFF

19|§1E

T i v

3 %0
vl v v v

Cancel |

Figure 21. Event Q Address Item dialog

The trace is configured. Figure 22 depicts current trace settings.
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Trace

Trigger and Hualifer I

— Options A
Conti Addiess B2|B| Data BB Contol BZE] AUk AL
™| EEEtive Timer
Buifer Size IMa:-: TI
Dutput Signal ITrigger TI
— Trigger - BT I-I 3
[arpthing < Addiess 220E| Data  B2|E0] Control B2[R0] a0 2] v
Poszition I Eegin x I
I i Tiirnen, < I
= bz Timens I =
Address Z2|8| Data  BE|E] Contol B2)9E] AU g2 ]
T watchdog I
— Lualifier
ID Ewent j -
Record
= Address = Data  =2B8] Control 2518 AL =]
IEI j' samples before O TimerInt [zize
I':I j' zamples after G
Time Stamp ITimE vI
k. I Cancel Help

Figure 22. Trigger and Qualifier Configuration dialog

Initialize the complete system, start the trace and run the program. The trace records CPU activity only

while Timer2Int routine is executed.

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

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

open ‘Trigger and Qualifier Configuration’ dialog.
Select ‘Anything’ for the trigger, ‘Q event’ for the Qualifier.

Configure write to iCounter variable as the event Q. Set iCounter address in the ‘Address Item’

dialog and check ‘Cover entire object range’ option.

Next, set ‘Memory Write’ for the bus cycle type in the ‘Control Item’ dialog.

The trace is configured. Figure 23 depicts current trace settings.
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Trace |

Trigger and Hualifer I

— Options A
Conti : Address 71|08 Data  EZ2)5| Contol B[] AU pa| ]
¥ | Eratile pipeline analyss
™| EEEtive Timer
Buffer Size Min -
Dutput Signal ITrigger TI
— Trigger - BT |1 3
| Arpthing < Address B2|08| Data  E2|E| Contal 22[08] AL e3lwE]
Poszition I Eegin x I
I i Tiirnen, < I
= bz Timens I =
Addiess F2)0| Data 5[] Control 2[R AL g2 ]
T watchdog I
— Lualifier

ID Ewvent j Q
5] d

= Address *lml Data 5P| Control *lml Al ==y
IEI 'I gamples before

HiCounter [zizi FE b W'F
I':I ]' zamples after G

Time Stamp I Time - I

k. I Cancel Help

Figure 23. Trigger and Qualifier Configuration dialog

Initialize the complete system, start the trace and run the program. The trace records all writes to
iCounter variable (Figure 24).

40 2000 OO5E iCounter 79.313000 ms
iCounter+l

41 2000 OO5F|iCounter 79, 453752 ms
iCounter+l

L 2000 0060 |iCounter 79, 505888 ms
iCounter+l

43 2000 005l |iCounter 79.670320 s
iCounter+l

Figure 24. Trace Window results
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5.3.Watchdog Trigger

A standard trigger condition, logically combined from events A, B and C, is not used to trigger directly the

trace, b

ut it's responsible for keeping a free running trace watchdog timer from timing out. The trace

watchdog time-out is adjustable.
When the trace watchdog timer times out, the trace triggers and optionally stops the application. The

problem

atic code can be found by inspecting the program flow in the trace history.

Typical use:

1)

2)

3)

If the application being debugged features a watchdog timer, the trace watchdog trigger can be
used to trap the situations when the application watchdog timer times out and resets the system.
Typically, a “trace watchdog reset” condition is configured as a memory write to a specific memory
location (e.g. watchdog register), which resets the watchdog timer to the start of a new time-out
period. In case of the external watchdog timer being reset by the target signal, the external trace
(AUX) input, where the signal must be connected, is configured, instead of a memory write.
Time-out period of the trace watchdog timer must be set less than the period of the application
watchdog so the trace can stop the application just before the application watchdog times out and
resets the system.

If the application itself doesn'’t feature a watchdog mechanism, the trace watchdog trigger can be
used to supervise the application. The user needs to determine a part of the code that is executed
periodically and its execution period, while the program behaves expectedly. The code, resetting
the trace watchdog timer, can be, for instance, a function or data write/read access. The execution
period is set for the trace watchdog timer time-out period. When the application misbehaves, the
“watchdog reset” code is no longer executed within the normal execution period, the trace
watchdog timer times out and the trace triggers.

The code being executed a definite time after the program start can be analyzed.

Configuring Watchdog Trigger

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

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

— Trigger

[

Position |Eenter "I
™| i T, < I
| e Time I

=~

¥ wiatchdog |2_ 3md

Figure 25. Trigger field

2) Next,

define the “trace watchdog reset” condition. Typically, only the event A is selected for the “trace

watchdog reset” condition and then e.g. a CPU memory write or a reset watchdog routine, resetting the
watchdog, is configured for the event A. Of course, a more complex condition can be set up instead of the

event A

only.

16



— Triager

I.-“-‘-.nything j
s
n'B

SarnB

& and nB

A then n"B
SarrnBoC
& and n*B and C B
A ar "B and C]
& then n°B then C
| [& then n*Blor C B
& then [07B or C] ]
[& or n*B] then C

[& and W*B] then C
A-xB duration tracker
.-Ii‘-:nything_

Figure 26. Trigger conditions

Example: Motorola HCS12 target application features on-chip COP watchdog, which enables the user to
check that a program is running and sequencing properly. When the COP is being used, software is
responsible for keeping a free running watchdog timer from timing out. If the watchdog timer times out it's
an indication that the software is no longer being executed in the intended sequence; thus a system reset
is initiated.

When COP is enabled, the program must write 0x55 and OxAA (in this order) to the ARMCOP register
(OxE000) during the selected time-out period. Once this is done, the internal COP counter resets to the
start of a new time-out period. If the program fails to do this, the part will reset. Also if any value other than
0x55 and 0xAA is written, the part is immediately reset.

The COP timer time-out period is 21 ms in this particular example. It may vary between the applications
since it's configurable. The watchdog timer is reset within 18 ms during the normal program flow.

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

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

e Select ‘A then n*B’ for the trigger condition, check the ‘Watchdog’ option and enter 20 ms for the trace
watchdog timer time-out period.

e Next, configure the event A (reset sequence — first part) as memory write 0x55 to the address OXE000
(ARMCORP register) and the event B (reset sequence — second part) as memory write OXAA to the
address OXEOOO (ARMCOP register).

Figure 27 depicts current trace settings.

17



Trace |

Trigger and Hualifer I

— Options
i ok L
™| EEEtive Timer
Buffer Size Min -
Dutput Signal ITrigger TI
— Trigger - BT |1 3
| " ther B ~] Address 27|] Data  2|85] Control =2|B| AUX =2y
0xE000 Dt [BEi] | [MEM WH
Paosition I Center X I
I} kit Tiime < I
= bz e = I =
Addiess F2)0| Data 5[] Control 2[R AL g2 ]
v Watchdog |2I:|mg
— Lualifier
IEver_l,lthing j

U

5] d
I% Address E|E| [ ata aIEI Control ﬁlﬁl Al ﬁlﬁl
| zamplez before [

I':I ]' zamples after G
Time Stamp ITime vI

k. I Cancel Help

Figure 27. Trigger and Qualifier Configuration dialog

While the application operates correctly, the trace never triggers. When the application misbehaves, the
trace triggers and stops the program before the system reset is initiated.

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

Example: The application features (external) target watchdog timer, which is normally periodically reset
every 54.7 ms by the WDT_RESET target signal.

The trace needs to be configured to trap the target watchdog timer time out and stop the program before
the system reset is initiated. Then the user can find the code where the program misbehaves using the
trace history.

One of the available external trace inputs (AUXO0) is used, where the WDT_RESET signal from the target
is connected. Refer to the hardware reference document delivered beside the emulation system to obtain
more details on locating and connecting the AUXO input.

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

e Select ‘A’ for the trigger condition, check ‘Watchdog’ option and enter 540 ms for the trace watchdog
timer time-out period.

e Next, configure AUX0=1 for the event A. The trace will trigger as soon as the target WDT_RESET
signal stops resetting the target watchdog within 540 ms period.

Figure 28 depicts current trace settings.
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Figure 28. Trigger and Qualifier Configuration dialog

Again, while the application operates correctly the trace never triggers. However, when the application
misbehaves, the trace triggers and stops the program before the system reset is initiated.

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

Example: The code being executed 2.3 ms after the CPU start has to be recorded.

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

e To record part of the program, which is distant from the CPU start point in a manner of time, select ‘A-
>B duration tracker’ for the trigger condition, check the ‘Watchdog’ option and enter the time when the
trace triggers. Don't define anything for events A and B. This will ensure that the trace watchdog timer
never resets and triggers on the first time-out that is after 2.3 ms.

Additionally, the trace can stop the program execution after 2.3 ms by checking ‘On trigger break
execution’ option in the ‘Trace Configuration’ dialog. This trace configuration can be used to stop the
program at any time.

Complete program flow around the trigger point can be recorded, or interesting parts only by using the
qualifier. ‘Q between B and C’ qualifier type cannot be used in this configuration.

Figure 29 depicts current trace settings.
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Figure 29. Trigger and Qualifier Configuration dialog

Start the session. Initialize the system, start the trace and run the application.

Figure 30 shows that the assembler instruction INY belonging to the +aa; source line of the Type Enum
function is executed 2.3 ms after the program start. It may be a bit confusing since the assembler
instruction ‘INY’ holds 0 ns time stamp in the trace window. It's due to the fact that this is a trigger event,
which always holds 0 ns time stamp. All recorded frames hold time stamp values relative to the trigger
event respectively trigger frame. In this particular example, first instruction executed after reset (address
0xFO000) holds —2.3 ms time stamp, which is correct.
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Figure 30. Trace Window results
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5.4.Duration Tracker

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

Both events can be defined independently as an instruction fetch from the specific address or data
write/read to/from the specific memory location or an active auxiliary signal.

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

Pozition End hd
[ Min Time < I
[ taz Time = I

[~ watchdog I

Figure 31. Trigger field

Duration Tracker provides following information for the analyzed 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 without intrusion on the real time program execution.
Additionally, the duration tracker can trigger and break the program, when the elapsed time between
events A and B exceeds the limits defined by the user. Maximum (Max Time) or minimum time (Min Time)
or both can be set for the trigger condition.

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

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

Exceeding the limit(s) can stop the application and the code exceeding the limits can be found in the trace
window.

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

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

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

Example: There is a Timer2Int interrupt routine, which terminates in 420 ps under normal conditions.
The user wants to trigger and break the program execution when the Timer2Int interrupt routine
executes longer than 420 pus, which represent abnormal behaviour of the application.

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

e Select maximum buffer size and position the trigger at the end of the buffer.

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

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

Figure 32 depicts current trace settings.
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Figure 32. Trigger and Qualifier Configuration dialog
e If the program must stop when the trigger condition occurs, check ‘On trigger break execution’ option

in the ‘Trace Configuration’ dialog (Figure 33). Note that the CPU stops few CPU cycles after the
trigger event due to the latency of the hardware processing the trigger and stopping the CPU.
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Figure 33. Trace Configuration dialog

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

proprietary for this trace mode.

‘%v%b@v?@ﬁlﬁl!ﬁﬂ-@v « @

Figure 34. Duration Tracker Status Bar toolbar

The trace is configured. Initialize the system, start the trace and run the application. The application either
runs or it is stopped by the trace trigger since we opted ‘On trigger break execution’ option.

First, let's assume that the application behaves abnormally and the program stops by the trace trigger. It
means that the CPU spent more than 420 ps in Timer2Int interrupt routine. Let's analyze the trace

content (Figure 35).

EH = = EH EE Te
Mumber | Address | Data Content Time ALY
-6 FZE2 14FR] |LEL b, 5P -234 ns| 0000
-5 FZEB2 14E1 —-200 ns| 0000
-4 FZE4 ECF&|LDD 0Z,35P -150 n=| 0000
-3 IFD7 oo -117 n=s| 0000
-2 IFD7 aooo -84 ns| 0000
-1 IFD7 aooo -34 ns| 0000
[T 3 ] FZEG LO8Z [ASLD 0 n=| 0000
1 FZEG LOg2 50 n=| 0000
2 FZES 1459 (ASLD 83 n=| 0000
LELY D,
3 FZES 1459 1la ns| 0000
4 IFDE aooo laa ns| 0000

Figure 35. Trace Window results
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Go to the trigger event by pressing ‘J’ key or selecting ‘Jump to Trigger position’ from the local menu. The
trace window shows the code being executed 420 us after the application entered Timer2Int interrupt
routine.

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

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

Duration tracker statistics Count |27 x
bir |54.E|5|:| Lz Current |41 E.850 us Toatal |2?.EE455|:| ms
Max  |416.850 us Average [235.896 us Total region [5.369216 ms [22.84%)

Figure 36. Duration Tracker Status Bar

Duration Tracker Status Bar reports:

e Timer2Int minimum execution time was 54.95 us

e Timer2Int average execution time was 235.90 ps

e Timer2Int maximum and current execution time was 416.85 us
Last execution of the Timer2Int took longer than 420 us, since we got a trigger, which stopped
the program. This time cannot be seen yet since the program stopped before the function exited.
The Status Bar displays last recorded maximum and current time.

e Timer2Int routine completed 27 times.

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

e The duration tracker run for 27.88 ms.

If the Timer2Int routine doesn't exceed Min Time nor Max Time values, the debugger exhibits run
debug status and the duration tracker status bar displays current statistics about the tracked object from
the start on. Status bar is updated on the fly while the application is running.

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

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

In this mode, the trace records particular CPU cycles, which are executed within the specific section of the
code.

Example: The user wants to record memory writes to the iCounter variable, while function
Type_Pointers is executed.

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

e Select ‘Q between B, C events’ in the Qualifier combo box. Event B represents start and the event C
stop trace recording condition. Recorded CPU activity can be further filtered out by the qualifier event

Q.

— Lualifier

ID between B.C events j

Recaord

I':' vI zamples befare O
I':' :Iv zamples after [

Time Stamp I Time - I

Figure 37. Qualifier field

e Configure Type_Pointers entry point for the event B and Type_Pointers exit point for the event
C event.
e Finally, configure iCounter memory write cycle for the event Q.

As soon as the event B occurs, the trace starts considering the qualifier Q and records the CPU cycles
matching with the Q condition until the event C. Event B represent enable and event C disable condition
for the qualifier Q.

Figure 38 depicts current trace settings.
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Figure 38. Trigger and Qualifier Configuration dialog

Figure 39 shows the trace results. iCounter variable is modified by the Type Pointers function
approximately every 805.7 us.

== == == £E EH 1,
== =H =H EE EE —'E:.
Mumber | Address | Data Content Time ALX
(T 3 0 2000| 0004 /iCounter 0 ns| 0000
iCounter+l
1 2000 0010/ iCounter G05.683 us| 0000
iCounter+l
2 2000 001C |iCounter 1.624150 m=| 0000
iCounter+l
3 2000 0028 iCounter 2.455433 ms| 0000
iCounter+l

Figure 39. Trace Window results

Due to the CPU behaviour, it's possible that the iCounter memory write is not recorded by the trace (at
current trace settings) although being modified by the application. Assume that we have the following
function:
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void Type_Pointers()
{

char c;

char *pC;

char **ppC;

C="A":
pC=&c;

++C;

++*pC;
ppC=&pC;
++(*ppC) ;
++iCounter;

}

The program flow recorded by the trace would be:

Source line
modifying iCounter

T

DE Fetch
Data Bead

OFP-CODE Fetch
Code Bead
Data Bead

OP-CODE Fetch
Memory Write

O0P-CODE Fetch

Code BEead
«— Type_Pointers
exit point
OF-CODE Fetch
Code Read
gdc oeat : iCounter
memory write
Memory Write
: call to the
next function

OP-CODE Fetch
Figure 40. Trace Window results

Figure 40 shows that iCounter memory write is actually executed after the Type_Pointers function

exits. Therefore, the trace configured like in the example, would not record any iCounter memory write
cycles although expected by the user.
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5.6.Pre/Post Qualifier

Pre Qualifier can record up to 8 CPU cycles before the qualifier event and Post Qualifier up to 8 CPU
cycles after the qualifier event. The qualifier can be configured in a standard way and then additionally up
to 8 CPU cycles can be recorded before and/or after the qualifier.

— Elualifier

IE! Ewvent j

Recaord

ID vI zamples befare 3
I':I :Iv samples after [

Time Stamp ITime vI

Figure 41. Qualifier field

Example:
The application writes to the 16-bit iCounter variable from various functions constantly. Normally, only a

function Type_Pointers writes 0x32 to the iCounter variable, which results in displaying a special
graphic character on the LCD display connected to the CPU. However, it seems there is a bug in the
application since the special character is displayed on the LCD also when the Type_Pointers is not called
at all. The code writing 0x32 to the variable iCounter and not belonging to the Type Pointers
function will be found using the trace.

The trace needs to be configured to record 0x32 writes to the 1Counter. Additionally, a section of the
code executed before the write needs to be recorded to be able to find the source of the write. Using filter
in the trace window, the user can filter out the code, which normally modifies the iCounter, and find the

problematic code.

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

e Leave the trigger set on ‘Anything’ by default.

e Select ‘Q event’ for the Qualifier and configure ‘Record 8 samples before Q'.

e Finally, define the event Q. Set iCounter address and check ‘Cover entire object range’ option in the

Address Item dialog (Figure 42).

Trace Address Item Ed |

o
Erari.... | IﬂiEn:nunter
¥ Cover entire object range Cancel |

|2 [Ox2] bytes
.. | I

1 Mask

31FEE E?EE4 ESEED 19F1E

MMM FFFF FFFF FRFEFV

15|§12 11Fs ?F# I B

MMM FFNVF FFVF FRFEFV

Figure 42. Event Q Address Item dialog
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Enter a value in the ‘Data Item’ dialog and select proper data size. Select ‘16 bits’ data size since
iCounter is a 16-hit variable.

Trace Data Item Ed |

—{* Range

T T

Erarn... | IEI:-:EE
Ta... | |

— 1 Mask

31&282?&242352015&15

MM MV FEFY VKV F

15E1211F8?F4 SFD

MM MFEVFF FREFF FEFE

— Data Size [hitz]
" 8 bits
' 1E bitz

[ tonitor data value change

k. I Cancel

Figure 43. Event Q Data Item dialog

Finally, set ‘Memory Write’ for the bus cycle type in the ‘Control Item’ dialog. The trace is configured.

Figure 44 depicts current trace settings.
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Figure 44. Trigger and Qualifier Configuration dialog

Initialize the system, start the trace and run the application. The trace records iCounter 0x32 memory
write cycles and 8 previous CPU cycles. In this example, the trace buffer fills up slowly and the trace is
stopped manually after the special character is displayed on the LCD when it shouldn’t. Let’s inspect the
trace results (Figure 45).
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88 =H =H 88 88
Mumber | Address Data Content Time

3785 Fz1l0 B51E |} 13.32870354 =
LELS 0L, 5P

3786 Fz1l0 851E 13.32870360 =

3787 Falz 1B3D | Type_Fointers EXIT 13.32870363 =
RT3

3788 2000 0032 |iCounter 13.32870368 =
iCounter+l
Memory Write

3790 3FFE oooo 13. 36396448 =

3791 Fa0C TDOE INT 13, 36396451 =
aTy¥ iCounter (2000])

3792 3FFa Fodd 13. 36396454 =

3793 2000 0000 |iCounter 13, 36396460 =
iCounter+l

3704 F20E ooz0 13, 36396463 =

3795 Fz10 851E ! 13, 36396468 =
LELS 05,57

3796 Fa1l0 851E 13.3639647]1 =

3797 Fa2lz 1B3D | Type_FPointers EXIT 13.36396474d =
RTH

3798 2000 0032 |iCounter 13, 36396480 =
iCounter+l
Memory Write

3800 3FFa oooo 13.39922560 =

3801 Fa0c D02 INT 13.39922563 =

Figure 45. Trace Window results

In the example, the trace recorded 58s of the CPU execution and encloses 8078 CPU cycles (frames).
The trace buffer is quite empty comparing to the maximum possible trace buffer since there can be up to
128K frames recorded. Due to the huge amount of recorded cycles, we need to filter out all the expected
CPU cycles to be able to allocate the problematic code. Some intuition is necessary to be able to find the
problematic section of code. One of possible approaches will be described.

Figure 45 shows that normally Type_Pointers function exit precedes iCounter 0x32 memory writes.
Save the trace record at this point (File/Save As...). Next, modify the qualifier settings in a way that only
one CPU cycle is recorded before the qualifier.

— Lualifier

ID Ewvent j

Fecord

I'I 'Isamphsbﬂmeﬂ
IEI j' zamples after O

Time Stamp ITme vI

Figure 46. Qualifier field

Make another trace record with new trace settings. Figure 47 shows the results.
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1132 2000 0032 |iCounter 13.32934453 =
iCounter+l

Memory Write
1134 Fzlz 1B3D | Type_ Fointers EXIT 13. 36460560 =
RTS

1135 2000 0032 |[iCounter 13. 36460565 =
iCounter+l

Memory Write
1137 F2lz 1BE3D | Type FPointers EXIT 13. 39986673 =
RTS

1155 2000 0032 |iCounter 13.39956676 3
iCounter+l

Memory Write
1140 Fz1lz 1B3D Type Pointers EXIT 13.43512785 =
RTS

Figure 47. Trace Window Results

As before, Type_Pointers exit point precedes the memory write. We could start manually searching for
a frame differing from the Type_Pointers exit point but it could take a while since the buffer can have up
to 128K frames. Let’s use the filter being built in the trace widow to find the problematic code.

Configure filter named Filtl set on #Counter memory write and filter named Filt2 set on
Type_Pointers exit point.

Filter expressions:
Filtl = (Address == {#iCounter}) & (Content = "Memory Write')

Filt2

Address == {Type_Pointers_EXIT_}

Hide states defined by these two filters by unchecking the ‘State View Visibility’ check boxes in the ‘States
and Filters’ dialog.

States and Filters

|Enabled |Mame |Expression | Color |State Wiew visibility Insert Hew...
1 ¥ Filtz  address==- ;
z ¥  Fikl  {Address == | 2

Lelete...

flowve Up

f e Mo

LD

¥ Display other samples

Figure 48. State and Filters dialog

Only a problematic code remains in the trace window (Figure 49).

33



= = F EH i
Mumber | Address Data Content Time
0 F1E& JD1E|Type drrays EXIT 0 ns
RT3
2283 FZGL CAfE mb.m_al=]=0x33; 26.86754676 =

Figure 49. Trace Window results - problematic code allocated

The problematic code is allocated at address OxXF1EA and OxF26A. Double-click on the assembler
instruction (first frame) or on the source line (second frame) points out the code being the source of the
problem. If more CPU cycles than a single one before the problematic write are required, open the
previously saved trace record and search for the problematic addresses OxF1EA and OxF26A. Figure 50
depicts the code at address OxF26A writing 0x32 to the iCounter variable.

TE06 Fz210 85lE 26.83435368 =
Te03 2000 0032 |iCounter 26.83435376 =
iCounter+l
Memory Write
7610 F2az 0200 INY 26.86754676 =
TE1l 200C TCDE |iResultlE 26.86754680 =
iResultliE+1
TE1E Fz2ad 207D 5TV iCounter [2000) 26.86754685 =
7613 2000 0000 |iCounter 26.86754688 =
iCounter+l
7614 F266 Co00Mub.m all]=0xiZ; 26.86754693 =
LDAE #22
TE15 FZ66 Ce00 26.86754696 =
7616 Fz2ad 6BZ2 |3TAE 0E,5F 26.86754700 =
7617 Faok C68E mb.m_al=]=0x337: 26.86754705 =
7618 2000 0032 |iCounter 26.86754708 =
iCounter+l
Memory Write
TE20 3FFG oooo 2690239120 =

Figure 50. Trace Window results

Note: An alternative to this example is to use ‘Q between B and C events’ trace configuration. Refer to the
section 5.5. for more details on this trace configuration. Set trigger to ‘Anything’ and select ‘Q between B,
C events’ in the Qualifier combo box. Event Q remains configured like in the example. Then configure
Type_Pointers exit point for the event B and Type_Pointers entry point for the event C. The trace
now records the code matching with the qualifier and not belonging to the Type_Pointers routine.
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5.7.Data Change

A trigger or qualifier condition can be set on a change of a certain variable. Additionally, it can be set that
the condition matches only when the data value is changing to a particular value. A single value, bit mask
or a range can be entered for the value. Pre/Post Qualifier can be used supplementary.

Example: The trace records every write changing the 16-bit iDataChangeVar value and the belonging
code modifying the value. The trace has to start recording on first CPU_Pointers function call.

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

e Select ‘A’ for the trigger condition and configure event A by entering CPU_Pointers entry point for
the Address Item and ‘OP-CODE Fetch’ cycle for the Control Item.

e Select ‘Q event’ for the qualifier and define event Q.

e Enter the address of the iDataChangeVar variable in the ‘Address Item’ dialog either manually by
writing its physical address or by picking up the iDataChangeVar address from the Symbol Browser.
Make sure that ‘Cover entire object range’ option is checked too.

e Inthe ‘Data Item’ dialog (Figure 51), check the ‘Monitor data value change’ option and set ‘16 bits’ for
the Data Size since 16-bit variable is going to be monitored.

Trace Data Item E |

Lo ||

— 1 Mazk

31E282?E2423E2019|§1E

FVFF MMMV MV VIV V¥

15E1211E8?E4 EFD

MFIFF FVVV VY VY

— Data Size [hitz]
" 8 bits
& 1E bits

¥ tdonitor data value change

(] I Cancel

Figure 51. Event Q Data ltem dialog

e Select ‘Memory Write’ cycle type in the ‘Control Item’ dialog.

Edit Control Item |

OP-CODE Fetch
Code Read
D ata Bead

kd emaory Write Camesl |

Figure 52. Q Control Item dialog
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e Finally, configure Post Qualifier to record 4 samples before the event Q. This will ensure that the code
(4 CPU cycles) modifying the iDataChangeVar variable will be recorded too. It's up to the user to
record more or less cycles before the event Q.

Figure 53 depicts current trigger and qualifier settings.

Trace |

Trigger and Hualifer I

— Options A
Conti ; Addiess 2<|B] Data 28] Contral 22|B] AUx ok )|
CPU_Fainters FETCH
™| EEEtive Timer
Buffer Size IMin vI
Dutput Signal ITrigger TI
— Trigger - BT |1 3
| i <] Address B2|08| Data  E2|E| Contal 22[08] AL e3lwE]
Paosition I Center X I
I i Tiirnen, < I
= bz Timens I =
Addiess F2)0| Data 5[] Control 2[R AL g2 ]
[T watchdog I
— Lualifier
ID Ewent j -
Record
=7 Address *lml Data *IEI Cantral *lml Al L
Iij j' samples before [ #iDataChange | [1EBit) [DC) | |MEM WA
I':I ]' zamples after G
Time Stamp ITimE vI

k. I Cancel Help

Figure 53. Trigger and Qualifier Configuration dialog

Initialize the system, start the trace and run the application. Figure 54 shows the results from the example.
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== =H =H == ==
Mumber | Address Data Content Time
-5 F25h Oczn -442. 817 us
-7 FZEC TD0Z | INY -447 . 785 us
-G Z00E 0002 |ibataChangeVar -442, 737 us
ibataChangeVar+l
Memory Write
-5 IFE7 3FEF -432.905 us
-4 F3CC CE0E (M. byte=0x6C ; -432. 849 us
LDAE #aC
-3 F3CE GBEC | 5TALE oold,sp -432.817 us
-2 F3D0 14F0 -432.785 us
-1 Z00E 000e |ibataChangeVar -432,.737 us
ibataChangeVar+l
Memory Write
0 F13C OEZ0 0 n=
1 F13E 12CC|1i=0x1234; ED ns
LDD #1234
2 F1:3E 1ZCC 83 ns
3 Fl40 TC34 133 ns=
L) Z00E 000l |ibataChangeVar lag ns
ibataChangevVar+l
Memory Write
o Fz90 OEZ0 7. 166 us
& F29z 8600 (bi.m bd=0; E7.200 us
ECLE 0&, 5P, #30
7 Fz29z S60D 57,250 us
g FzZ9od C780|for (m=0;n<iCounter ;u++) S57.283 us
CLEE

Figure 54. Trace Window results

Let's analyze the results. iDataChangeVar variable changes the value at frames -1, -6, -11. Double-click
on the source line or assembly instruction before the memory write points to the code writing a new value.
Trigger point (CPU_Pointers function entry) itself is not recorded since the trigger point doesn’t match

with the configured qualifier condition.

Memory writes modifying the variable are recorded only. Memory writes writing the same value like
previous memory write are not recorded. Plain qualifier condition (‘Monitor data value change’ option
unchecked) must be used when all memory writes have to be recorded.

Example: The trace has to record every write modifying 16-bit iDataChangeVar variable to a value 0x6

and the belonging code.

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

open ‘Trigger and Qualifier Configuration’ dialog.

e Set the trigger condition to ‘Anything’ and the qualifier to ‘Q Event'.

e Next, configure event Q. Address and Control Item are set in the same way like in the previous
example. Don't forget to check ‘Cover entire object range’ in the ‘Address Item’ dialog. Enter Ox6
value, check ‘Monitor data value change’ option and select ‘16 bits’ data size for the ‘Data Item’

(Figure 55).

e Finally, configure the Pre Qualifier according to your needs. ‘Record 4 samples before Q’ is set in this

example.

Figure 56 depicts current trigger and qualifier settings.
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Trace Data Item E |

— 1+ Range

Eram... | IEI:-:E
To.. | |

— 1 Mazk

31E282?E2423E2019|§1E

FVFF MMMV MV VIV V¥

15E1211E8?E4 EFD

MFIFF FVVV VY VY

— Data Size [hitz]
" 8 bits
& 1E bits

¥ tdonitor data value change

(] I Cancel |

Figure 55. Event Q Data Item dialog

Trace

Trigger and Clualiter I

— Options A
™ Continuous mods Addiess 22)0] Data B2 Contral 22)50] Al 3| |
¥ | Enatle pipeline analysis
= | Eelative Timer
Buffer Size IMin TI
Dutput Signal ITrigger "I
— Trigger - BT I-I E
[argthing <] Addiess 22]08| Data  22|E| Control 22]R8] Al Al
Pozition I Eeain i I
I b Tiimmen < I
I b e I =
Address BE|EE| Data  EE|PE| Contral B2JED] ALK 22| ]
= watehideg I
— Qualifier
ID Ewvent j =
Record
= Address 25 SH\ B Control =51F8 ] Al oL
|4 :“' samples before O #iDataChange [ 00500 (167 [MEM ‘wWF
I':I ]" zamples after G
Time Stamp ITimE vI
k. I Cancel Help

Figure 56. Trigger and Qualifier Configuration dialog
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Initialize the system, start the trace and run the application. Figure 57 shows the results from the example.

857 200E 0o0s [ibataChangeVar T50.632000 ns
ibataChangeVar+l
Memory Write
S565 IFE7 3FEF 750.925116 s
S569 F3CC CE0E (M. byte=0x6C ; T50.925150 ms
LDAE #aC
8570 F3CE GBEC | 5TALE oold,sp T50.928183 s
5571 F3D0 14F0 TE50.925233 s
8572 Z00E 0o0s |[ibataChangeVar T50.925266 ns
ibataChangeVar+l
Memory Write
G573 F40z CT0E|for (i=0;i<&;++1) 751.3805866 s
CLEE
8574 3FF7 oooo 751.380916 ms
8575 Fan4 BLEC |STD 05, sp 751.380950 ms
5576 F4d0s 04C6 |char c=4; 751.381000 ms
LDAE #POETC (04

Figure 57. Trace Window results

Figure 57 shows that iDataChangeVar variable is modified by different code. Double-click on the source
lines will point out the program section writing 0x6 to the iDataChangeVar variable. In this particular
example, Address_TestScopes and Type_Mixed write 0x6 to the variable.

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

© iSYSTEM September 2003. All rights reserved.
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