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Introduction

For embedded programming, it is very common for software engineer to write application codes in C or C++ for code
portability reason. The compiler toolchain therefore helps to translate these C source codes into the object codes that
enable the debugger to operate. For this reason, in some cases, the debugger may not operate in the manner of the C
source codes flow. Therefore, it is a necessity to master the debugging skills in both C and the object codes like
Assembly language.

This application note focuses on the usage of disassembly view using Renesas Starter Kit for RX111 CPU board
(referred as RX111 CPU Board) and E1 emulator under the e? studio IDE.
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e? studio

Debugging in C and Assembly

1. Overview

The Disassembly view shows the loaded program as assembly instructions mixed with the C source code. Both the C
Source view and the Disassembly view can be synchronized if “Link with Active Debug Context” (icon: <}:b) and

“Shows Source” (icon: @) are enabled. To step in the Disassembly view, enable “Instruction Stepping Mode” (icon:

j-:{}); to step in the C Source view, disable Instruction Stepping Mode”:

E Debug - RXDemo/RXDemo/RXDemo.c - 2 studio =R X
File Edit Source Refactor Mavigate Search Project Run Window Help
L=<j' @l@'%'ﬁo @ Dﬁ ﬁg a ﬁ?'ﬁ'%' 4 | %5 Debug >
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~ | Instruction Steppina Mode <\ - T v ' Link with Active Debug Context
ebu == Dizassembly &3 =) Console
35 Debug 52 = 0| [z Di y
@ O, i @ OB &8 | I T | | 6@ = Enter location here - |
a [c7] RXDemo Debug [Renesas GDB Hardware Debugging] - ffffab74: brk
4 J_fj? RXDemo.x . .
4 7 Thread [1]1 (Mo thread info available) (Suspended : Breakpoint E DlSﬁSSGmbW VIeW ShOWS Source
=] = . Ceee bl S s
) = main() at RXDemo.c:31 Oxffif8bTf FffEbTa: brk
» gdb fffeb7b: brk
4 1 3 void main(wvoid)
- = main:
€] resetprg.c || R¥Demo.c i3 . [g] intprg.c 2 ffff8b7c:  add #-48, r@, ré
22 - Forf—t—f—edEr—tr—if
3 ffffeb7c = void main(void) i TIFfabvT: mov.l #8, ri4
4 C Source View T: mov.I T1X, ZA[r8]
5 long a[1@]; ffffeba4: mov.l 44[r@], rl4
6 long j: ffffeba7: cmp #18, rl4
int i; ffffebgo: bge.b @xffff8bdo <main+93>
A 32 j = rand();
J/printf("### Data Input #E\n"); S ffffabsb: bsr.a @xffffolch <rand:
' ffffebaf: mov.l rl, rl4
[ ffffeb7f = for( i=8; i<1@; i++ ){ ffffebal: mov.l |:‘14-,I 48[re]
S ——— 33 iF(3 < )]
ffffghaa - if(j < @y ffffebas: mov.l 4@[re], ri4
1 FfFfshob = -5; ffffaba7: cmp #8, rl4
5 ¥ ffffebaa: bge.b @xffffgba3 <main+39> L
= ffffeba3 a[i] = j; 34 j=-3; i
ffffabad printf("a[%d]=%1d\n",1,a[1]); ffffabob:  mov.l 48[r8], rl4 —
2 3 ffffebae: neg ril4, r5
9 ffFf8bdo sort(a); ffffebal: mov.l r5, 48[ra@]
J/printf("*** Sorting results ***\n"); 36 a[i] = Js
ffffabde = for( i=e; i<le; i++ ){ ffffaba3: mov.l re, r5
J/printf(a[¥d]=¥1ld\n",1i,a[i]); ffffabas: mov.l 44[r@], rl4
1 ffffebas: mov.l 48[re], rl i
< T 3 < | [ 3
o* Writable Smart Insert 31:1
L

Figure 1 Disassembly View

During the debugging stage, it is often recommended to turn off the optimization settings (e.g. Optimization level = 0)
for both the compiler and linker. The reason being with optimization turned on, whether for the size or speed, the
compiler is very likely to generate fewer object codes corresponds to the assembly instructions. Hence, it becomes
difficult to debug as the debugging operation may not follow the logical flow of the C source codes.
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e? studio Debugging in C and Assembly

2. Debugging in Disassembly View (with optimization turned on)

Using RX111 CPU Board as an example, targets for RX111 MCU device (part number: R51115AxFM), the sections
below explain the debugging in the Disassembly view with compiler setting “Optimization for Size” at optimization

level = 2.

E Debug - Example/Example.c - e2 studio =NACN X
File Edit Source Refactor Mavigate Search Project Run  Window Help
NrEE@ -8R R H P T $-0-q%- o= g
S A = T =R Hrflroera - M@ C/Crs
%5 Debug &2 = O ||z Disassembly 2 =0
CHHBHD I BN 2D 5B freocstonhere + | &) (BB 75 o
a [t Example Debug [Renesas GDB Hardware Debugging] - ffffa716: bsr.w @xffffa734 <sort> -
a 1 Bxamplex E| 39 change(a);
a4 7 Thread [1]1 (Mo thread info available) (Suspended : Breakpoint) B TTffe719: mov.1l r@, rl
— T le.cdd xFFFATL ffff871b: bsr.w @xffffs7aa <change>
= main() at Example.c: e 8 aa Data3+t;
4 | m + » ffffg7le: add #1, r5
= 46 if ((Data3 == 18) && (Data2 == 18)){
@ Example.c &3 @ resetprg.c g ffffg72e: movu.b r5, rS
9 ffffe719 change(a); - 43 Datal++;
ffffg722: add #1, rd
= while(1){ ffffa724: cmp #18, r5 =
2 Datal++; ffffa726: bne.b @xffffg7le <main+3e@:
3 ffffe722 Data2++; 46 if ((Data3 == 1@) && (Data2 == 18)){
1 ffffg71e Data3++; ffffa72a: movu.b r4, r4
L ffffa72a: cmp #1@, r4
ffffg720 = if ((Data3 == 18) && (Data2 == 18)){ 3 ffffa7ac: bne.b @xffffg7le <main+3e@: _
Datal = 8; b 48 Data2z = @;
5 ffffg72e Data2 = @; ffffa72e: mov.l #@, r4
9 FFffa73e Data3 = @; 49 Data3 = @;
} ffffg73e: mov.l r4, r5
} ffffa7r3a: bra.b @xffffg7le <main+3e@:
} 54 void sort(long *a)
sort:
4 FEEEOTIA et comtilone #a) i fFffa734: pushm ré-rg
4 L] ¢ fFffa73e: add #-28, r@, r@
— - = 58 gap = 5;
A =& - F v
Bl Console 3 | B BE[EE) ¢ B~ 19 = fFFF8739:  mov.l ri, 8[re]
Example Debug [Renesas GDB Hardware Debugging] Example.x ffffa73b: mov.l #5, r6
- 61 for({ k=08; k<gap; k++){
ffffa73d: mov.l #8, 4[r@]
ffffg74e: shll #2, r6, r5
- ffffa743: neg ré, r3 -
4 2 o 4 h ) o L
o® Writable Smart Insert 44:17

Figure 2 Debugging in Disassembly View (with Optimization turned on)

In C Source view, because of the optimization, it is observed that

Address of the variable Datal is omitted

“Data3++" (address: 0xffff871¢) and “if ((Data3 == 10) && (Data2 == 10))” (address: 0xffff8722) are executed
ahead of “Data2++” (0xffff8720)

With reference to the debugging in the Disassembly view, it is confirmed that the variable “Datal” is omitted due to not
in use and execution sequence for “Data2” and “Data3” follows the assembly instructions as shown in the Disassembly

view.
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Debugging in C and Assembly

3.

Debugging in Disassembly View (with optimization turned off)

Using RX111 CPU Board as an example, targets for RX111 MCU device (part number: R51115AXFM), the sections

below explain the debugging in the Disassembly view with no optimization,

e.g. optimization level = 0.

E Debug - Example/Example.c - e2 studio
File Edit Source Refactor Mavigate Search Project Run  Window Help
i~ B ®- - & s
N S S - S e X=0 ~ B v ts a e v
%5 Debug &2 = O[22 Disassembly 2
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fffa7s3:
[g Example.c 2 [g resetpro.c = ffffg7se:
o~ ffffa7sa:
ffffa74a - while(1){ 43
ffffa75e Datal++; ffffa7sh:
TTff875b Data2++; ffffa7se:
ffffa7ee Data3++; ffffa7el:
5 ffffa7ze3:
5 ffffar7l = if ((Data3 == 1@) && (Data2 == 18)){ |E| 44
ffffg783 Datal = 8; — ffffa766:
= ffffe78a Data2 = 8; ffffe7ea:
9 ffffg791 Data3 = 8; ffffa7ec:
} ffffa7ee:
¥ 46
} fHffa771:
- THffa774:
< I o ffffa7z7e:
ffffa7z7a:
El Console 2 | 5 RE | = EB~r5~=0 ;:;;8??::
877d:
Example Debug [Renesas GDB Hardware Debugging] Example.x FFEFET7F:
g ffffa7zsl:
47
ffffa7za3:
ffffa7as:
2 ffffa7a7:
&l b
A

2 (%5 Debug ) ”
Hg C/C++

H-0- Q-

=08

o aEE) e
while(1){ -

mov.l #8, ril4
cmp #1, rl4
beq.b @xffffa79e <main+l158>

Datal++;
movu.b 48[r@], ris4
add #1, rl4, r5
mov.l r5, rl4
mov.b rl4, 43[r@]

Data2++;
movu.b 52[r@], ri4
add #1, rl4, r5
mov.l r5, rl4
mov.b rl4, 52[r@]

Data3++;
movu.b 56[r@], rils4
add #1, rl4, r5
mov.l r5, rl4
mov.b rl4, S6[r@]

if ((Data3 == 18) && (Data2 == 18)){
movu.b 56[r@], rils4
mov.l rl4, r5
cmp #1@, r5
bne.b @xffffg798 <main+152:>
movu.b 52[r@], ri4
mov.l rl4, r5
cmp #1@, r5
bne.b @xffffg798 <main+152:>

Datal = @;

mov.l #8, r5
mov.l r5, rl4
mov.b rl4, 43[r@] -

Enter location here

m

Figure 3 Debugging in Disassembly View (with Optimization turned off)

In C Source view, as the optimization is turned off, it is observed that
e Address for “Datal”, “Data2” and “Data3” are generated

e “Datal”, “Data2” and “Data3” are executed in the sequence order of the C source code

With reference to the debugging in the Disassembly view, it is confirmed that operation sequence for variables “Datal”,

“Data2” and “Data3” are the same as in the C Source view.
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4., Summary

e Renesas debugger operates in accordance to the object codes (assembly instructions) generated by the compiler
toolchain, not necessary the same order as C source code description because of optimization.

e Itis easier to understand and debug application codes without optimization. Hence, it may be convenient to turn off
optimization settings during debugging stage.
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the

manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSl is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity
to noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

“"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which itis notintended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is notintended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or

regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the

development of weapons of mass When ing the El ics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.
1

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or ired by or for El
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