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12.

Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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.

When exporting the 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. 'Y ou should not use Renesas
Electronics products or the 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 destruction. 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.

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.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. 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 categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. 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 an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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.

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 system
manufactured by you.

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.

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

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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




RE NESAS Application Note

M16C/60 Series PC7501 Emulator
CO Coverage Facility

Summary

The full-spec emulator PC7501 for the M16C/60 series incorporates the CO coverage facility. This
document explains how to use the CO coverage facility while using the PC7501 emulator.

Explained in this document is for the case where the user system incorporating an M16C/60 series
microcomputer and the PC7501 emulator are used in combination. The content of this document may be
used in common for even a different target microcomputer providing it is one of the M16C/60 series
microcomputers.

Table of Contents

I © Y= V1= SRS 2
P e Yot 11 1= O Lo RO 2
3. Preparing the SOTIWAIE ........eciiie ettt e e e e e e s et e e e e e e s e s aanbb e e e e e e e e e e e aanbbeeaaaaeaanas 2
R 70t R 1 11T ] = T (= o PSSR 2
3.2 Installing the Software Supplied with the PC7501 EMUIALOr..........cccvviieeiiee e 2
G TG T U (o T o T = 1 (< U1 ] ] 2 SRR 2
4. OpEratioNal DESCIIPLION. .....cciiiiiiie ittt et et e e st e e e s bb et e e s atbe e e e s sabe e e e s anbaeesaareeeeaas 3
4.1 Starting the High-performance Embedded WOrkShop ... 3
4.2 OPENING @ WOIKSPACE.......uttiiiiiieei i ittt et e e e e e sttt e e e e e e s e se b te e e eeaeeesaataraeeeaeeesssanstareeeeeeesssasreneaaessans 4
4.3 Downloading the Target PrOgram ...........cciiiiiiiiiiiie e e et ee e e e e s s s re e e e e e e s e saabaaeeeeeeesesnsnrenaeeeeeeanns 8
4.4 Measuring the CO COVEIAQE .....cccoiiiiiiieieie e e e e eitttte et e e e e e e st ae e e e e e e s e ssatareeeeaeeseaaataaaeeeaeeesasssteneeeessans 9
5. Frequently ASKEd QUESTIONS .......cciiiiiiiiiiie e e e s st e e s s e e e e e e s e e e e e e e e s s s nnsb e ee e e e e e e s nnnnnreneaeaenan 18
5.1 Why do the measurement result in source units and that in the coverage window differ?............. 18
6.  RElAted DOCUMEBNTS. ... ...ttt ettt e e e e e s s bbb et e e e e e e s e nbbbeeeeaaeeesannbabeeeeeesannnnes 20

REJ06J0070-0100/Rev.1.00 2009.2 Page 1 of 22



M16C/60 Series PC7501 Emulator
[ zE N ESAS CO Coverage Facility

1. Overview

The coverage facility refers to the one that measures the extent of a test covered. The coverage rate of a
test program measured while it was run is used to determine the validity of the test program. The coverage
facility comes in several types such as CO coverage and C1 coverage. Incorporated in the PC7501 is the CO
coverage. Also known as instruction coverage, the CO coverage allows measuring the coverage of whether
instructions were executed. On the other hand, the C1 coverage, also referred to as branch coverage, allows
measuring the coverage of whether a branch occurred on true or false side of a conditional branch
instruction.

The PC7501 can not only display the result of a CO coverage measurement in the CO coverage window,
but also permits you to verify instruction execution or non-execution in source line units using the editor
window columns, as well as verify instruction execution or non-execution in address units in the memory
window. The coverage measurement area can be any area comprised of 1 to 32 blocks (up to 8 Mbytes)
beginning with the 256-kbyte boundary. There is another thing to be noted for the PC7501's CO coverage
facility that its measurement result includes prefetches.

2. Facilities Used

In this document, the method of CO coverage measurement is explained using the sample program
included in the CD-ROM supplied with the PC7501 emulator or a downloaded package from the Renesas
website.

The tool versions used are listed below.
M16C R8C PC7501 Emulator Debugger V.1.03 Release 00 for the M16C series

3. Preparing the Software

3.1 Getting Started
Install the software included in the CD-ROM that is supplied with the PC7501 emulator.
The sample program (tutorial workspace) used in this document will be expanded in your PC.

The software included in the CD-ROM that is supplied with the PC7501 emulator may also be installed in a
PC that has had the High-performance Embedded Workshop already installed. In this case, part of the
dialogs displayed during the installation work will be omitted.

3.2 Installing the Software Supplied with the PC7501 Emulator
Execute M16cPc7501 Debugger.exe present in the CD-ROM supplied with the PC7501 emulator.

For details on how to install, see the PC7501 emulator setup guide published at the Renesas website.
During installation work, follow the instructions displayed on the screen. The installation procedure is omitted
here.

3.3 Auto Update Utility

If you've selected the auto update utility when installing the software, it is possible to confirm via the
Internet whether the latest version of each tool is available.

REJ06J0070-0100/Rev.1.00 2009.2 Page 2 of 22



M16C/60 Series PC7501 Emulator
[ | zE N ESAS CO Coverage Facility

4. Operational Description

This section describes the method for using the CO coverage facility after starting the High-performance
Embedded Workshop (HEW). The procedure is shown below.

( Start of operation >

Starting the HEW

Opening a workspace

Downloading the target program

Measuring CO coverage

A4

o

Figure 4.1 Example Program Execution Procedure

4.1 Starting the High-performance Embedded Workshop

To begin with, first connect the PC7501 emulator that has the user system connected to it and the host
computer with USB cable, and check to see that everything is ready to debug.

Next, start the High-performance Embedded Workshop.

From All Programs on the Start menu, choose Renesas — High-performance Embedded Workshop —
High-performance Embedded Workshop, to start.

M Renesas >| M High-performance Embed

% Multiple Install Manager

@j Renesas Tools HomePage @ High-petformance Embedded Workshop Help

E] High-performance Embedded \Workshop Read Me

AllPrograms B

m g OfF O | Turr OFF Computer

4 start
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M16C/60 Series PC7501 Emulator

RE N ESAS CO Coverage Facility

4.2 Opening a Workspace
(1) The Welcome! dialog box will be displayed in the High-performance Embedded Workshop.
iﬁﬁigh-perfurmance Embedded Workshop

File  Edit Yiew ofect Build Debug Setup Tools Test Window Help

=i x

Welcome!

I "ol Cieate a new project workspace

Cancel

‘) " Opena recent project waorkspace:
I

I d Adrmiristratiar...

g £ Browse to ancther project workspace

=R ERERER

ZHeorotarat |22 M9

2
Debug Jy FindinFiles 1 FindinFiles2 , Macro f, Test )\ Wersion Control [
Ready [ (= NS UM

Select the “Browse Another Project Workspace” radio button in the Welcome! dialog box and click the
OK button.

Welcome!

i Create a new project workspace

Cancel |
| _vl Administration. .. |

:_) = ‘Dpen a recent project workspace!
If

R

‘j@t ther project work space
-‘j H __f_CIW&E 0 anatner projec WW

%
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M16C/60 Series PC7501 Emulator

RE N ESAS CO Coverage Facility

(2) The Open a Workspace dialog box will be displayed.

Open Workspace E]@

= Tutorial L] = £ E2-

Look ir:

e ——

File name: | Tutorial i
Files of type: ]HEW Workspaces [ hwg) _:J Cancel

If the installation of the CD-ROM of this product is complete, the workspace “Tutorial.hws” is stored as
standard in the folder position shown below. Check folder positions in order while you locate. When the
workspace “Tutorial.hws” is found, specify it and click the Select button.

C:\WorkSpace\Tutorial\PC7501\M16C\Tutorial\Tutorial.nws

C:\WorkSpace
L Tutorial
L pc7501
L m16C
L Tutorial
L Tutorial.nws

[Note] Depending on the software version used, it will occur that the above directory cannot be specified.
In such a case, select the directory given below.

<Directory in which the High-performance Embedded Workshop is installed>
\Tools\Renesas\DebugComp\Platform\E8\M16C\Tutorial
Examples of directory:
C:\hew3\Tools\Renesas\DebugComp\Platform\E8\M16C\Tutorial
C:\hew2\Tools\Renesas\DebugComp\Platform\E8\M16C\Tutorial

(3) If the workspace version is old, the dialog box shown below is displayed. To update it to a new version,
click the OK button.

High-performance Embedded Workshop

projects and sessions will be updated. Once updated this workspace cannot be opened by an older wersion of HEW,
Backup versions of your ald files will be created in the workspace and project directories with the prefix
'old_wersion_xxx'. Do vou wish to continue 7

"'_\. The Workspace you are about bo open was created with an eatlier version of HEMY, The data files for the workspace,
-

Cancel
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M16C/60 Series PC7501 Emulator

RE N ESAS CO Coverage Facility

(4) When the workspace is opened, you are ready to use the High-performance Embedded Workshop.
Change sessions to connect the PC7501 emulator. To do it, change “DefaultSession” in the toolbar to
“SessionM16C_R8C_PC7501_Emulator.”

Before changing sessions here, be sure that the interface select switch on the back panel of the PC7501
emulator main body is set to the USB side, and then turn the power for the PC7501 emulator on.

&% Tutorial - High-performance Embedded Workshop

Fle Edit “iew Project Buld Debug Setup Tools Test Window Help

|DeEd | 8|rmi|8
—_——— | x|
BE=L - I

FJ@ Tutorial
(=29 Assembly source

“Eﬁl :'IML ﬁ ‘&. |“ é"?‘ Iﬁl l‘! ”Debug LI “DefauItSassion Ll ‘ ,?g i |

Tutorial ¢
=29 Dependencies
nic_define.in
sectI.ing
sorth

Eai |
& [B[a B ]

Hoiotalar 2|7 Bad|?

==l ] Ll
[ }] Build__A Debug )\ FindinFiles 1 FindinFilles2 i Macro )\_T_Est_}\ Wersion Control

Ready Default! desktop e 4

If a dialog box is displayed prompting for your confirmation of whether to save the previous session,
click the Yes button.

==
High-performance Embedded Works hop |§|

' Session "DefaultSession” in project "Tutorial" has been modified.
Do you want bo save it?

Ro | Cancel I
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M16C/60 Series PC7501 Emulator

CO Coverage Facility

(5) The Init (M16C R8C PC7501 Emulator) dialog box will be displayed. Select the “USB” radio button on
the MCU tab of the dialog box and click OK.

Init (M16C RBC PC7501 Emulator)

MCL lDebuggingInfurmation] Emulaturl Script ]

MCL: M1BCE2P. meu

T~ LPT " LAN & |USE
Serial Mo @ [T ‘

If Check
[ebug Option

¥ Enable the Address Match Interupt Break Function.

Automatically selected

I Debug the program using the CPU R ewrite Mode.

< ] > Cancel Help

[ Do not show this dialog box again.

e |f your emulator is connected via LPT or LAN instead of USB, visit the Renesas website and see the
PC7501 user’s manual.

(6) The MCU Setting dialog box will be displayed. Select “Single-Chip Mode” for Processor Mode on the

MCU tab of the dialog

box and click OK.

MCU Setting

MCU | M&P | Flash Clear |

~MCU Setting ~MCU Statuz—
MCL: MI1BC/B2F MM H
Froceszor Mad Single-Chip Mode HOLD™

RDY™
Esternal Data Bus ‘Width: bl ]
Chsz: MC
temomy Space Expansion: | Mo lode r

BYTE
¥ P#13 (b3 of D0000SH] is 1"
[ PM10 (b0 of D00005H] iz 1"

Debug Option
Dizable Internal Flash RO [for 10MHz or below operating

frequency].
Cancel I Help

I Do not show this dialog bos ag

ait.
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M16C/60 Series PC7501 Emulator

RE N ESAS CO Coverage Facility

(7) A connection of the PC7501 emulator will be completed, by which the High-performance Embedded
Workshop screen becomes ready to operate. When this connection is complete, a message
“Connected” is displayed on the Debug tab of the output window.

%) Tutorial - High-performance Embedded Workshop
File Edit “ew Project Buld Debug Setup Tools Test Window Help

Do |s|lsmr|e [ S8 gh |[@esEs oo =] [sessanmtisc_rac_rer <] | 71 4 |
CPE0E 2 AWy FREAEBTED .

comm
= & Tutorial
= Azsembly source
nert0.a30
=) source file
sort.o
Tutarial.c
Dovnload modu
i [ Tutorial.x30
(=23 Dependencies
nic_define.ir
5] sectiine
3 soth

1« B
@@=\ ]
El A (8181 |2 || 7
Salanas |20 21| 2 [& @ |

‘ Connected
N '\J

4! ll\ Buw_lq_}\Dehug FindinFlles 1 FindinFiles2 h Macra Test_.}\ Wetsion Control [
Ready Defaultl desktop s oM

4.3 Downloading the Target Program
First, download the target program.

(1) In the example here, we’ll download the program “Tutorial.x30 - 00000000” appearing beneath
Download Modules in Workspace. Double-click it to download.
— Execute 'l
E%J Tutorial
Ell@ Tutorial
=23 Assembly source file
- nicrt0.a30
FJE C zource file
E = zort.c

When the program is successfully downloaded, its icon is marked by a down arrow.
EE awnload modules
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M16C/60 Series PC7501 Emulator

CO Coverage Facility

4.4

Measuring the CO Coverage

To view the results of coverage measurements, open the coverage window.

(1) From the View menu, choose Code and then Coverage.

€% Tutorial - High-performance Embedded Workshop - [ncri0.a30]

<% File  Edit
Ow W
UM LT

- @ Tutori
= @ T

.6

5§

-

WS Project Build Debug  Setup Tools  Test  window  Help
i fa
Differences Lj “l iy
b g . TELEELE® B GO
Cormmand Line Chrl+L
S, TCL Taolkt Ctleshiftk M
3 ne Sour.. | A 5. Sounce
S 27 : Interru
o i ey I (N
| status Bar Al 29
30
@ Lisassembly CtrH+D 31
P iz Start
CPU ser || |
Symbol y | 34 after r
R -
Graphic » | 38 |Fa3cCs o> 1
37 [F43CC i g
0, script 38 |F43D0 1
s SE K] T
| 1
Break P: @ Sta.clg Trace Chrl+E 1
43 el
T »
Trace e i
RTOS ¥ |25 .endif

T

(2) The coverage window will open. The window shows the function names of the target program under the

heading “Function,” as well as the start addresses under “Start,” the end addresses under “End” and the
CO coverage measurement result under “Coverage.” At this point in time, the values under “Coverage
are 0.00% because the program is not run yet.

In the explanation in this document, the Auto Display Update icon is “enabled” (the icon is depressed
when enabled).

=] =
(@) %
)
.Functiun Start End Cuverage
change OF41EE ar4z19 .00 %
init or4014 ar4100 o.00 %
zort ar4102 OF41ED o.00 %
abort OF4376 OF4376 o.00 %
main OF4Z1Aa AFr4zz3 .00 %
tutorial OFd4zZzZ4d OF4375 0.00 %
REJ06J0070-0100/Rev.1.00 2009.2 Page 9 of 22
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* Description of the icons

D
o

Source selection; Selects the source file for which the results of coverage measurements are
displayed.

When you select the Source Select icon, the Select Source Files dialog box is displayed, allowing
you to display only a selected source file in the coverage window.

S5elect Source File E|

" Select all files

* |nput a zource file name

|Tut|:|fial.c LJ

Select a source file:

£ [ mertd
&+ T zort
- D T utarial

0k Cancel

LY [ Y the icon is depressed when enabled ]

Automatic display update: Automatically updates the displayed coverage measurement result when
the target program stops.

“®
Display update: Updates the displayed coverage measurement result.

®

Initialization: Initializes the coverage measurement result.
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M16C/60 Series PC7501 Emulator
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(3) Double-click any function line displayed in the coverage window. The function you've selected will be
displayed in the editor window.

Al
=3 Tutorial = 5 &|&3
=[] Tutorial :
259 Aszembly source fils Line Sour.. | A 5. Source
[# nerto.a3n 3G Elze
-9 C source file 39 break;
@ zork.c 40 .
[# ' . .
4 Tuariale = b , | The selected function is
- 43 |F414D a4 displayed in the editor
=23 Dependencies - R R ¥ window.
= == Mavwigation ETest ] 22 RRIE :
Double-click any line. =P 47 /changeilc.ng g
- 45 |F41EBE {
4 % )@ 49 long twp[10] ;
50 int 1i:
Function Start End Coveradge i o X X X
change o S T = M for(i=0; i<l i44){
: 53 |F41CF 4 i] = B
Euiws OF4014  OF4100 0.00 % o } TpLEL = =11
sort OrFd4102 OF41ED 0.00 % 55 |Faimc \ for (i=0; i<10; id+4)
short OF4376  OF4376 0.00 % = s I B S
main OF4z1a OF4223 0.00 % P |
tutorial OFdzz4 OF4375 0.00 %
a0 nert.a30 ‘ o Tutonale < sort.c

(4) We'll now try stopping the program immediately before a call to the sort function to see how the CO
coverage will be measured.
Double-click in the Address Match Breakpoint column at line No. 40 of the source file “Tutorial.c.”

EEE

A. 5. Source
Double-click 3= i e [
- H
{SE\ 4262 ali]l = 3:
3g }
40 |F4276 ?) sort (a);
41 |F4Z7E t change (a) ;
4z
43 |F4286 p_sam->s0=a[0] ;
44 |F4zZ98 b_sam—->sl=all]:
45 |F42AE p_sam->si=al2]:
4f |F42C6E p_sam->s3=a[3]:
47 |F4ZDE b sam—->s4=al4]:
48 |F4ZF6 b_sam—>s5=al5] ;
49 |F430E p_sam->s6=alf] ;
50 |F43z6 p_sam—->s7=al[7]:
51 |F433E b_sam—>s8=al8] ;
52 |F4356 p_sam->39=a[9];
55 |F436E p_sam = NULL:
54 |F4374 3
4| |

o notla3d0 o Tutonalc [0 zork.c

Since we've set the program to break immediately before the source address “F4276" of the sort
function is executed, the functions change and abort present ahead of it are not executed.
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M16C/60 Series PC7501 Emulator
[ zE N ESAS CO Coverage Facility

(5) Run the target program to measure the CO coverage. Select the Run After Reset icon to run the

program.
IRE + ARTE NS

The program can also be run from the Debug menu.

T

£ Tutorial - High:-performance Embedded Workshop - [Tutorial.c]
«f File Edit “Wiew Project Build BeEsEES Setup Tools  Test  Window Helg

J:l (3 i ﬁ L By Debug Sessions...
'ﬂTL'I 1_ It aE '_:I": I Debug Setkings. .. 1} ]
=T Reset CPU |
=13 Tutorial = E
=-[F Tutorial =l Go s =
=3 Azzembly source file ﬂ]FE"r G0 Shift+F5
ricrt0. 230 gf Free oo
=3 € zource file '
oo
Tutaorial.c
=3 Download modules i
Tutorial «30 - 00 |
== Dependencies = Display PC Chrl+-Shift+y

(6) While a CO coverage measurement is in progress, the “Coverage” values in the coverage window are
shown as “— %.”

=

':."E' & ;

Function | -_S_t_a_rt | End 1! C.Dverage
change COF41EE OF4219 - %
init OF4014 OF4100 - %
sort OF4102 OF41BD - 3
abort OF4376 OF4376 = %
main OFdzZ1a OF42Z3 - %
tutorial OF4zZid OF4375 = ¥
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CO Coverage Facility

(7) The program will stop at the breakpoint,

coverage window.

showing the result of the CO coverage measurement in the

==
B %torial B E&ﬂ &
B Tutorial -
223 Assembly sourcs file Line Sour.. | A 5. Source
neitll &30 36 |F4259 3= -i;
=9 C zource file 37 '
sort.c 358 |[F4262 a[il = 3:
Tutorial.c 39 ¥
=9 Download modules b 40 |F4z276 | | o sort (&) : )
41 [Fa MR
=159 Dependencies - 4z
_ . . 43 |F42Z86 gaan->=0=a[0] ;
@Pm]ec‘ix JE Templates | €|Na\r|gaton | E Test ‘ 44 |Fazos E_sa.m—>sl=aE 1% "
e 45 |F42AE p_sem-»s2=a[2];
. 46 |(F42Ce p_sSam->33=a[3]:
R ) 47 |F42DE p_sam-rs4=a[4] ;
43 |F42Fa p_sam->35=a[5];
Function Jtart End Coverage ;3 ;::2? p_sa.m—isgja[:] '
changs OF41BE  OF4219  0.00 3 s kR
init Or4014 0F4100 100.00 % s E_sa.m—>39=a[9] %
sort or4ioz OF41ED 1.06 % w2 [Eaaits b Sem - NULL: Z
sbort OF4376  OF4376 0.00 % Ellea p
main OF4z1a OFr4z23 B0.00 % 4 | |
tutorial OF4z24 0F4375 24.26 % e
S hela30  afF Tutorialc 1,- gork.c ]

In this case, the function change to be called after the function sort and the function abort used for
interrupts were not executed. Therefore, as you can see, their measured values are shown as “0.00%.”

(8) The result of CO coverage can also be verified in the editor window. Choose “Set Display Columns” from

the Edit menu.

{73 Tutorial - High-performance Embedded Workshop -

main

Frrmrial

Clear
Select All

g4 Find In Files. .,

Goko Line, ..,

Match Braces

Bookmarks

Templates

{',’I Togagle Breakpoink

Chrl+a

F4

Chr+HG
CtrH-Shift+M

Fa

Colurn Format

Evaluate. ..

Wiew Project  Build Debug Setup  Tools  Test

{011}
—

Nwd7? e a4

Nwd27E

N B
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(9) The Entire Column State of Editor dialog box will be displayed. Select the “Coverage” and
“Coverage-ASM" check boxes in the dialog box and click OK.

Global Editor Column States

Coverage: Permits you to verify CO coverage in C source units.

Coverage-ASM: Permits you to verify CO coverage in assembly units.

(10) The “Coverage” column will be added in the editor window, allowing you to verify CO coverage visually.
The yellow part of this column represents executed instructions, and the gray part represents
unexecuted instructions.

EX:i=

Line Sour.. | CY & 5. Source
36 |F4z59 Ji=a=gy
37 '
38 |F4zeZ ali] = 3:
39 }
40 |F4z76 & o sortia) ;
41 |F4Z27E change (a) ;
4z
43 |F4286 p_saw->s0=a[0] ;
44 |F4298 p_saw->sl=a[l]:;
45 |F4ZLE p_sam-rs3i=alZ]:
46 |F42C6E p_=am->=3=a[3]:
47 |F4ZDE p_Sam-rs4=a[4];
43 |F4ZF6 p_sam->s5=a[5]:
49 |F430E p sam->s6=a[6];
50 |F4326 p_sam-=si=al[7];
51 |F433E p_saw-»s8=a[8];
52 |F4356 b_saw->s3=a[3];
53 |F436E b_sam = NULL:
g el Bl T H

< |

o notla3l <% Tuotonale j_,;- zort o

In mixed mode or disassembly mode too, it is possible to verify CO coverage visually in the same way.
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(11) What's more, it is possible to verify CO coverage visually in address units using the memory window.
Choose CPU and then Memory from the View menu.

£33 Tutorial - High-performance Embedded Workshop - [Tutorial.c]
«f% File Edit BUECH Project Build Debug Setup Tools Test  Window Help

[ = | Cifferences Lj 4
o | g B mep., TEIEIRNEE B S
Command Line Chrl+L E 2= .
=G5 Tuton ' - = Eal &
@ i T e TCL Taakit Ctrl-Shift+E — = &-l
| status Bar A+,
-5 @ Disassembly Chrl+D —
o Registers
lim ] Project; Symbol s m MEMOry. .. Chrl+-M P
| — | == 429
Graphic v [ 1o ctl+l (223
= [ i i- 420
B @ 0 R soript B3 Status Chl4ll 42D
| - 1 2T
- = Code L RamMonitor
Function  © LR
change Break » (000 % o
init _ ; 0D.00 % 52 |F335
:Ert = é'gg : 53 |Fa3e
ort z
i 54 |F437
. 0.00 % %
Frkarial nmas 7?4 nmaa75 24 76 %

(12) The Display Start Address dialog box will be displayed. Set “H'F4270” for Display Start Address in this
dialog box and click OK.

Display Address

Scroll Start Address: 1DDDDDD _"_1

Scroll End Address: JDFFFFF ﬂ
CED o

Dizplay Address:

REJ06J0070-0100/Rev.1.00 2009.2 Page 15 of 22



M16C/60 Series PC7501 Emulator
[ | z E N ESAS CO Coverage Facility

(13) The memory window will open. Right-click in the window and from the ensuing menu, choose Coverage
and then Enable.

r;_ll m ::|(ﬁ; 10 0 e 15 32 |Eﬂ

Address +0 +1 +2 Bl +A +E +C 4D
OF4270 04 ¢d 1B Move... FDp 02 41 OF
OF4z80 14 04 FD COMPare. .. B5 FC 75 ZF
OF4290 co 24 77 Test.., FA 73 EBS FC
OF4za0 | 77 E5 75 L e 75 ZF 1a 04
OF42EB0 FA 73 ES 75 ZF 1c 04
OF42c0 77 ES 75 Search.,, BES Fo 77 44
OF42D0 77 ES 75 Caarch Nast 75 ZF iz 04
OF42ED FA 73 BS - 75 IF 4 04
OF42F0 77 ES 75 Address... BS FC 77 44
OF4300 77 E3 75 scroll Area... 75 ZF Za 04
OF4310 FA 73 BS Redgister yi 75 2F Zc 04
OF4320 77 ES 75 Followed Stack Pointer... ES FC 77 44
OF4330 77 ES 75 75 IF 3z 04

Set Start Up Symbal. ..

0F4340 FA 73 B3 73 ZF 34 04

OF4350 77 E5 73 Refrash ES Fc 77 44
OF4360 77 E5 75 e RaRsh 75 ZF 3Aa 04
OF4370 FA D9 0B = CE 41 7D EZ
I [aka Length L
&|ﬂ| Radix 4
2 neitl.a30 |;, Tutoriale |+ Code b

Lawouk »

Column...

o)

N—

Save...
Load. ..

(14) The memory window will be color-coded. Shown in the blue part are the executed instructions, and
those in the gray part are the unexecuted instructions.

[ U408 Z|mddpdode | a2 |B

+1 42 43 +4 45 46 +T7 4B 40 4 4B +C 4D +E +F |

| B 0|
+0

Address
OF4270
OF4280
OF4290
OF4Za0
OF4ZE0
OF42c0
OF42Dp0
OF4ZE0
OF4ZF0
OF4300
OF4310
OF4320
OF4330
OF4340
OF4350
OF4360
0F4370
OF4380
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(15) Try verifying the content of the internal RAM following the same procedure. Right-click in the memory
window and from the ensuing menu, choose Start Address. The PC7501's coverage facility permits you
to measure the coverage of data areas (whether addresses accessed), not just the coverage of
instruction execution.

Cron oz [ =R
_address | +0 Eill..

OF4270 MoRE

Cornpare. ..
Tesk...

_OF4290
OF4za0
OF4zZE0
OF4zcO
OF42D0
_OF42E0
OF4ZF0
OF4300
_OF4310
04320
OF4330
OF4340

Save Memory contents. ..

Search. ..

Search Mext
e ———
address.,.,

Scroll AFga,

Reqister

Followed Stack Painter. ..

Set Start Up Symbal...

(16) The Display Start Address dialog box will be displayed. Set “H'400” for Address in this dialog box and
click OK.

Display Address

Address: || - ll EJ

e —

‘“’ Cancel |

(17) The window permits you to verify the variables in the internal RAM that were accessed and those that
were not accessed.

r;-ll i : |r?; 040 8§ g |Fi_a§ & 3i|-1 4 a6 .32 |Eﬂ

2Address +D + 3 +"l +5 +5 +'_|" +8 g +A +B _ E
000400 oo oo ] 00 00 00 0o
000410
000420
000430
000440
000450 | |
ooo4en o0 oo oo ao 02 00 00 oo i

0o04a0

OD04ECQ
O004E0
000500
000510

These coverage facilities allow you not only to verify the validity of a test program, but also measure the
usage rate, etc. of the RAM space in actual program operation.
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5. Frequently Asked Questions

5.1 Why do the measurement result in source units and that in the coverage window
differ?

Run the sample program once up until it ends and see the result of CO coverage measurement. It will look
like the one shown below.

2=

% e %

Function Jtart End Coverage
change OF41BE OF4219  100.00 &
init 0F4014 OF4100  100.00 &
sort 0F4102 OF41ED  100.00 &
abort 0F4376 OF4376  100.00 &%
main OF4z1a OF4223  100.00 &

Il tutorial OF4224 OF4375 98.22 % |

Taking a look at the CO coverage of the function tutorial in C source units, you'll find that the function
appears to have been executed in whole.

Ef:=

Lire Sour.. | C.| A 5. Source
23
P wold tutorial (woid)
Z5 |F4z2:z24 {
26 long 3:;
27 int 1i:
28 struct Sample far *p_sam;
z9
30 |F4227 p_Sam= LS
31 |F4231 init (p_sam):
32
33 |F423D for( i=0: i<10; i4+ )4
34 |F4z245 j = randi):
35 |F4z254 if(j < 0){
36 |F4259 j=-3:
37 }
38 |Fd4zZ62 alfd] =38
39 i
40 |F4276 sortia) ;
41 |F4Z7E change (&) ;
4z
43 |F4286 p_Sawm—->s0=a[0] ;
44 |F4298 p_sSam-xsl=a[l]:
45 |F4ZAE p_sam—>sZ=a[Z]:
4n (F42Ca p_sam—>s3=a[3];
47 |F4ZDE p_sam-x34=al4] ;
48 |F4zZFa p_sam—>s55=a[5] ;
439 |F430E p_sSam—->s6=a[6] ;
50 |F4326 p_Sam—->37=al[7] ;
51 |F433E p_sSam—>s8=a[8] :
52 |F4356 p_sSam->s9=a[2] :
53 |F436E p sS&m = NULL:
545 Ed374 i
55
56 oid sbort (wvoid)
57 |F4376 {
58
59 |F437a i
60
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However, if the CO coverage of the function tutorial is verified in assembly units, you'll find that part of the

function was unexecuted.

Executed up until here
in assembly units

PEE]
Line C.| &, 5| Dizazz.. | Objcode Label Fixed

23

249 rroid tutorial (woid)

ZE {
F4z224 |7CFZ04 _rtutorial ENTER #0OLH

Z6 Feire:

27 o

=28 struct Jample far *p_ sam;

Zidl

30 p_Sam= &St}
F4227 |7ECEFA3CO4 MOV, WG #043CH, -6H[FE]
F4z2C |75CEFCO000 MOV, Wz #OOO0COH, -2H[FE]

Bl init {p_sam) ;
F4231 |754EBFC PUSH.W: & -—-4H[FE]
F4234 |754EBFL PUSIH.W: G -&H[FE]
F4237 |FD14400F JSR. L _init F4014H
F423E |7DE4 ADD.EB:Q #4H, 3P

S

33 b o = T T i e B R 1
F423D» |DSOEFE MOV, W #0OH, -ZH[FE]
F4z40 |778BFEQLOD CMP,W: 3 H#OO0OAH, -2ZH[FE]
F4245 |7DCAZF JGE F4z76H

33 Hrrssiaie )
F4z45 |FD75430F JSR. L _rand F4378H
F424C |7CF3 EXTS.W RO
F424E |732BFS8 MOV, WG Ri,-8H[FE]
F4251 |730EBF6 MOV, WG RO, -AH[FE]

S BT o R e A
F4254 |7EBEBCF BTST: G ?,-7H[FE]
F4257 |GAOL JEQ F4z62H

36 Rt

ge—
F4259 |757BF8 MOT, W: iz —-S3H[FE]
\ F425C |7E55EF6 MEG., W —LH[FE]
/ F425F |77EEFS LDCF.W —-8H[FE]

3N i

38 afi] = 3¢
F4262 |73B4FE MOV, Wiz -2H[FE] , O
4o or e < § HI T #oH g
F4z267 |73BCF61404 MOV, Wiz —-LH[FE] ,0414H[AO]
F4z6C |73BECFS1604 MOV, WG —8H[FE] ,0416H[A0]
F4271 |CS1EBFE ADD.W:Q #1H, -2H[FE]
F4z74 |FECE JMP.E F4z40H

i i

The reason why such a phenomenon occurs is because a prefetch is involved. Instructions are loaded into
the cache beforehand no matter whether the next data is required. Once prefetched, when in assembly units,
instructions are executed after the JEQ instruction up until the next instruction. When this is verified in C
source units, instructions are assumed to have been executed up until “j = —j,” so that it appears on the
surface that all instructions were executed.

If you want to verify CO coverage at the source level, we recommend verifying the result in mixed mode or

disassembly mode.
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6. Related Documents

The PC7501 emulator and the HEW have numerous other convenient facilities and features not discussed
in this document. Detailed specifications, technical information, limitations and other useful information on
each product are described in the related documents listed below. Please see these manuals along with this
document.

[PC7501 emulator related documents]

* M16C R8C PC7501 Emulator Debugger User’s Manual (for the M16C/60, M16C/30, M16C/Tiny and
R8C/Tiny series)

« M16C R8C PC7501 Emulator Debugger Release Notes (for the M16C/60, M16C/30, M16C/Tiny and
R8C/Tiny series)

« PC7501 Setup Guide (M16C Family Emulator)
« PC7501 User's Manual (M16C Family Emulator)

[High-performance Embedded Workshop related documents]
« High-performance Embedded Workshop User’'s Manual

« High-performance Embedded Workshop Release Notes

[CPU related documents]
* M16C/60 Series Hardware Manual
* M16C/60, M16C/20, M16C/Tiny Series Software Manual

[M16C/60 series C compiler related documents]

e M3T-NC30WA C Compiler Guidebook (C compiler package for the R8C/Tiny, M16C/60, M16C/30,
M16C/20, M16C/10 and M16C/Tiny series)

* M3T-NC30WA Assembler User's Manual (C compiler package for the R8C/Tiny, M16C/60, M16C/30,
M16C/20, M16C/10 and M16C/Tiny series)

To see more information on the PC7501 emulator, please visit the Renesas websites given below.

Japan site: http://japan.renesas.com/pc7501

Global site: http://www.renesas.com/pc7501
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Home Page and Where to Contact for Support

Renesas Technology home page
http://www.renesas.com/

Where to contact
http://lwww.renesas.com/inquiry

Revision Record

Contents of revision

Rev. Issue date Page Points

1.00 2009.2.13 — First edition issued
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

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

© 2009. Renesas Technology Corp., All rights reserved.
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