














System Development Environment (continued)

The powerful E100 is an in-circuit emulator
with full bus tracing that helps engineers
locate the root cause of difficult application
code problems. It supports RX devices via a
device-specific, swappable module and
provides enhanced testing and analysis
functions, including real-time trace and
events. This instrument displays its operating
modes and other settings in intuitive dialog
boxes in an easy-to-understand format that
speeds the debugging process.

A Renesas Starter Kit for RX microcomputers
is now available for device performance evalu-
ation and to enable experimentation that helps
jump-start system designs. This kit consists of
a CPU board, E1 emulator, complier and other
test tools, plus documentation.

Additionally, our microcomputer partners
have already introduced new support products
for RX chips and are well into the process of
developing more of them. RX-related
products from IAR Systems and SEGGER
Microcontroller are discussed on page 17.

Using the PDG to aid software
portability and automating
configuration settings to
minimize errors

The PDG (peripheral driver generator) library
mentioned earlier is an important tool for
ensuring easy continuity and portability for
RX microcomputers. Specifically, the PDG has
two main features. It contains the RPDL
(Renesas MCU Peripheral Driver Library) of
core I/O drivers for the various peripherals
integrated onto the new chips. It also offers a
valuable utility: an automatically generated
function that specifies configuration settings

Generating the Necessary Support Tools

The key to RX success in the European
market is to have competitive
development tools, including strong
support for third parties. To help
achieve this, the Renesas Tools group
visited a number of key third-party tool
developers in Europe to review and
help define the RX debug strategy.

Over the last few months we have
worked with the third-party network of
development tool suppliers to ensure
that a powerful line of support
products is available for the RX
product line. For example, IAR
Systems has developed a full C/EC++
compiler suite for RX microcomputers
and has already started customer
shipments. SEGGER Microcontroller
GmbH is porting the popular J-Link
debugger to the RX architecture and
it's planned that this debugger will
work with the Renesas HEW and IAR
development environments. Further,
IAR Systems, Micrium and SEGGER,
among others, have developed
operating systems that support
devices with the RX CPU core.

and other driver operations so that the user
doesn’t have to hand-code a function that calls
the drivers (see Figure 2, below).
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We have recently seen an increase in
customer requests to support the open-
source development environment known
as Eclipse. To meet these requests,
members of the RTE engineering team
are creating the appropriate plug-in
software to enable our E1 and E20
emulators to be wused in this
environment, along with the KPIT
Cummins GNU RX compilers. As we
start full promotion of the first RX
microcomputers, | am pleased to say
that we have never had such a strong
tool lineup. It is a step beyond what
other chip-makers are offering.

Because this utility generates the required
source code to specify the user settings, it
can significantly reduce system development
time and cost.

The PDG can import into the integrated
development environment both the RPDL
and the utility. This allows an application
that incorporates I/O drivers to be built just
by adding a call to this automatically
generated function in the user program.
A major advantage of using the utility is
that it is designed to prevent setting errors
by, for example, disabling functions that
aren’t available for the RX architecture.
Another of its functions is to check for
conflicts in pin usage when connecting an

[te) RPD : RENESAS MCU Peripheral Driver Librar: . .
o P ! RX microcomputer to external peripheral
o .
> Example SCI setup using PDG functions.
S [1] Select SCI channel ‘ ) o
W [2] Sele;ct start-stop sync, number of bits, Renesas intends to continue expandmg 1ts
a parity, and other settings RX development environment as we strive to
P [3] Start code generation K .
2 make it easier for customers around the
i Example SCI configuration screen in PDG P ;
z P 9 world to apply our microcomputers.
o

Figure 2: Structure and example SCI coding screen for the PDG used to

generate peripheral drivers. The PDG can automatically generate a function
16 that calls the RPDL (Renesas MCU Peripheral Driver Library).



System Development Environment (continued)

RX Partner: IAR Systems

|IAR Embedded
Workbench

for

RX

The release of a new software development
toolset for Renesas RX microcomputers is a
logical progression of the close relationship
that has existed between Renesas and TAR
Systems since Hitachi and Mitsubishi
established it the 1980s. The result has been
IAR’s support for almost all of the Renesas
MCU architectures: H8, H8S, R8C, M16C,
M32C, R32C, RX and SH-2A.
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JAR

The TAR Embedded Workbench
for RX microcomputers is a set

STEMS

Any C modules

Compiler.

compiled with Renesas RX

of C and C++ tools for building
embedded

system software for these devices. It provides

and  debugging

an integrated development environment (IDE)
that, in a continuous workflow, allows source
files and projects to be created, built and
debugged on hardware or in a simulator.

The modern CPU in RX chips incorporates
intelligent features in its instruction set. Much
effort was spent on enabling the IAR C/C++
Compiler to utilize the instruction set and
architecture features as efficiently as possible
so the code it generates is tuned very tightly to
the hardware. This optimization enables
smaller and faster executables.

A current enhancement project will introduce

object code compatibility between the Renesas
RX C/C++ Compiler and the IAR C/C++

RX Partner: SEGGER Microcontroller

C/C++
linkable with modules compiled
by IAR C/C++ Compiler. This version of IAR
Embedded Workbench, compliant with the
Renesas C ABI for RX, will be available in the
first half of 2010.

Compiler will be

All current devices in the RX family, including
the RX600 series with FPU and the E20
emulator, are supported by the IAR Embedded
Workbench for RX. It is available in both
English and Japanese language versions. IAR
Systems will continue to develop and enhance
its RX tools, continuously adding support for
new devices and hardware tools introduced by
Renesas.

For more information, please visit
www.iar.com
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To shorten software development time for embedded applications,
SEGGER Microcontroller, a Renesas platinum partner, offers
affordable, high-quality, flexible and easy-to-use tools and software
components.

In collaboration with Renesas, SEGGER has developed embOS for RX,
which is the first RTOS-kernel for the RX 32-bit architecture. The
embOS high-performance real-time operating system has been
optimized for minimum memory consumption in both RAM and ROM,
as well as for high speed and versatility. It provides an easy migration
path with identical APIs across all platforms.

-
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To enable system engineers to add
features like TCP/IP, USB or flash-file
systems to RX-powered embedded
systems, SEGGER offers the middleware
components embOS/IP and emUSB for
device and host. It also provides the

emFile file-system, which supports a wide

range of external and internal devices.
Additionally, the emWin high-performance graphics component
allows the implementation of graphical user interfaces (GUIs) using
minimal resources.

SEGGER’s offerings for Renesas RX microcomputers are complemented
by the J-Link, the market-leading debug emulator. A solution that
configures the J-Link as an E1- or E20-compatible emulator
with an adapter for the RX chips is in development. This
solution will give customers applying RX devices a proven
HEW and
environments. The popular J-Link support tool — over

emulator both the IAR development

60,000 sold to date — offers sophisticated features such as
breakpoints in flash memory and fast flash downloads.
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For more information, please visit
www.segger.com
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Special Issue — Designing Embedded Systems with RX Microcomputers

Part 6: Software Development Tips for Boosting System Performance

To help minimize the size of the code needed for applications and maximize
how fast systems run, it’s important to choose the right compiler Build options.

The microcomputers in the RX product line deliver a step up in processing performance compared to other mid-range
devices. A key way that they implement a high level of code efficiency is by shortening the codes for frequently used
instructions. This is achieved in conjunction with the high-performance RX C/C++ compiler. To get the most
performance out of RX chips, it is essential to properly select the Build options provided by that compiler. This article
explains three key Build options we recommend for use in application development. The correct choices for these
options are particularly effective for developing applications that run quickly and require less memory.

Providing both major processing-speed boosts and code-size reductions

To help ensure that applications require the least amount of code and run as fast as possible, it is important to correctly use three key Build options
provided by the Renesas C/C++ compiler for our RX microcomputers. This tutorial describes those options and offers recommendations for their use.
Specifically, we will explain the following Build options: [1] Optimization for external variables, [2] Base address setting, and [3] Optimization method.

Applying Build options: o Optimization for external variables — BN 22700 1R ON0 117110k d R 12 VI My Ve ) LI T S e | M 2

The first Build option examined here is the one that optimizes external variables; T SE i T
i.e., those variables defined outside the functions so that they can be accessed from Cotipaston 1 l’\ g (BT (e (T L
all functions. If optimization isn’t used, the code generated when accessing an b =] E;legu;-"-o-;t;n:i-z:----------"-v----g
external variable from inside a function contains a separate address for each Er= Dmmelava“‘
variable. As a result, processing performance is degraded from a level that perhaps OE e | T,
could be higher. Code efficiency is adversely affected, too, because access based on gggs*e:;f:ﬂ; ne | speedorsie:
the absolute addressing mode of RX microcomputers requires 32-bit address data. -0 Linkage symbol fle | [Optimize lorsize =]

I Intermodule optimization
Our recommended action is to enable [Optimization for Access to External !El;z.h-n;\;;l.m.;a-f;r-;‘:T:;ls.s.t:j-g.;t;-r;;r;;;gl‘:l;?_@
Variables] (see Screen 1, right). This option automatically combines multiple
external variables (with the same size) into a single package (structure). It changes
the accesses to use relative addressing for other than the variable set at the base
address, and thus helps reduce code size.

Two options—[Inner-module] and [Inter-module]—are available for optimization.
Selecting [Inner-module] only uses the structure format for variables defined in the
same file (see Figure 1, below, left side). In contrast, the [Inter-module] setting uses
the structure format for all external variables, regardless of where they are defined.

The 'Include map option' has besn specified. Check ‘Generate map il in the Output categary on the LinkfLibrary tab.

Screen 1: Procedure for selecting the [Inter-module]
setting for optimization for external variables.

The [Inter-module] setting results in a longer Build time because external variables From the [Build] menu, select [RX Standard Toolchain] to open the
from different files cannot be combined as a structure until after linking; therefore, menu screen (upper screen). Next, select the [Compiler] tab page ([1])
the compiler and linker must run twice. Nevertheless, this option is likely to be and select [Optimize] from the [Category] drop-down menu ([2]). Next,
. . X X K . select [Inter-module] from the [Optimization for Access to External
particularly effective (see Figure 1, below, right side). Accordingly, we recommend Variables] drop-down menu ([3]). This causes a [WARNING] message
that users select [Inter-module] for [Optimization for access to external variables]. window to open. Click the [OK] button in the window.
short a, b CODE LABEL INSTRUCTION OPERAND short a, b: CODE LABEL INSTRUCTION OPERAND
int ©: FB32rrrrrrrr _main: Mov. L #_a,R3 int ¢ FB22rrrrrrrr _main: MOV. L # a,R2
extern short x, y: 983C MOV. W 02H[R3], R4 extern short x, y: DC25 MOV. W [R2],R5
extern int  z: FBS2rrrrrrrr MOV. L #_c,R5 extern int z: FBi2rrrrrrrr MOV.L # ¢RI
064834 ADD [R3]. W, R4 06492501 ADD 02H[R21.W, RS
void main(void) E354 MOV. L R4, [R5] void main(void) E315 MOV. L R5, [R1]
{ FB42rrrrrrrr MOV. L #_x R4 { 98A5 MOV. W 04H[R2], RS
c=a+bh: FB32rrrrrrrr MOV.L #.y.R3 ¢c=a+b; 06492503 ADD 06H[R2]. W, RS
zZ=xX+Yy, DC45 MOV. W [R41, RS Z=X+y: AO1D MOV. L RS, 04H[R1]
o 1 DC34 MOV. W [R3], R4 1 02 RTS
o ags4 ADD g Red : Operating instructions of variable b (02H[R2])
o Speed : Size | FB52rrrrrrrr MOV. L #_z, RS Speed @ Size : ’
; Before optimization: 16 53 E354 MOV. L R4, [R5] Before optimization: 16 53 X@AH[RIZP’ an%g (OSH[E{Z])’. bl
(=] Inner-module 16 46 02 RTS Inner-module 16 6 using reg IVG‘. al re5§ or varial ve a.
IS — - - - Blue : Operating instructions of variable z (04H[R1]),
w Speed: Cycle count Red : Operating instructions of variable b, using Inter-module} 13 i 29 using relative address of variable c.
g . Size: Byte relative address of variable a.
o (Following slides use the same units.)
%)
<
@ Figure 1: Comparison of [Inner-module optimization] and [Inter-module optimization].
4 The code on the left shows an example of [Inner-module optimization] for external variables, while the code on the right shows the result of [Inter-module
o

optimization]. If you select [inner-module optimization], of the six external variables contained in the example, the structure format is only used for the two
variables (a and b) that have the same size and are defined in the same file. However, if you choose [inter-module optimization], the structure format is also
used for variables x, y, and z, which are defined in different files. As a result, two data structures are generated: one for variables a, b, x and y, and the other
for variables ¢ and z. As you can see from these examples, this reduces the code size from 53 to 29 bytes and cuts the number of cycles from 16 to 13.
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Applying Build options: 9 Base address setting

am_size, use the base address setting

The next Build option we will cover is base address setting. As explained in the
previous section, using 32-bit address data reduces code efficiency. The same caveat
applies for access to I/O areas. The purpose of the base address setting function, then,
is to extend to absolute address access—in other words, access to I/O areas—the same
benefits that [ Optimization for external variables] provides for variables. The base
address for the area to be accessed is set in one of the RX CPU’s general-purpose
registers (R8 to R13) and then is used as the basis for performing relative accesses.

Screen 2, right, shows that the decision of whether or not to use a base address can
be set independently for the ROM, RAM, and I/O areas. Writing these addresses to
the general-purpose registers is performed at the start of the PowerON_Reset function
generated by the compiler.

Figure 2, below, illustrates an application example consisting of code that initializes
each TPU register. Code efficiency is lower when the base address is not set (left side),
since in this case 16-bit relative addresses are used. On the other hand, code efficiency
is improved by the use of 8-bit relative addresses when the top address of the TPU

register area is set as the base address (right side).

Accordingly, by eliminating address-load instructions, this function can increase
speed and improve program size. We urge its use when accessing 1/0 areas and other
data areas for which an absolute address has been specified by a pointer, macro
definition, or “#pragma address” directive.

requently accessed 1/O areas and wvariables.

RX Standard Toolchain

Configuration
Debug = CPU:
=1 G Al Loaded Prajects [Fe<g00 =
EH@ . . Endiar :
C source file -
[0 C+ souce file Litde =l
(2 Assembly source file FEast intermupt vector register
(23 Lirkage spmbol file m

ROM

w @

Changes code generation

R=E10 -I

Link/Library | Standard Library | F!TDE"D

ST L EE T CCT e TP TT TP TITELTT TV I
ase register

Address : Q00085100 3:

FILITLITIIIII

Details. |

None 'I
None VI

None -

sennnnannnnnnnnnnd

Cancel

Screen 2: Procedure for setting base addresses. Select the
[CPU]J tab page ([1]) and then use the [Base Registers] drop-down
menus to select which general-purpose registers to use for the
ROM, RAM, and peripheral I/O base addresses, respectively ([2]).
The [Address] field specifies the peripheral I/0 address ([3]).

#include “iodefine. h” CODE INSTRUCTION OPERAND #include "iodefine.h” CODE INSTRUCTION OPERAND
FB4EQ00008  MOV.L #00080000H, R4 FB4E000008  MOV.L #00080000H, R4
void init_PWM(void) A945 MOV.L 10H[R4], RS void init_PWM(void) A945 MOV. L 10H[R4], RS
{ 78D5 BSET #O0DH, RS { 78D5 BSET #ODH, RS
SYSTEM. MSTPCRA. BIT. NSTPA13 = 1: A145 Mov.L RS, 10H[R4] SYSTEM. MSTPCRA. BIT. MSTPA13 = 1: A145 MOV. L R5, 10H[R4]
TPUO. TCR. BYTE = 0x20; FA44108120 MOV.B #20H, 8110H[R4] TPUO. TCR. BYTE = 0x20; F9D41020 MOV. B #20H, 10H[R13]
TPUO. TMDR. BYTE = 0x02; FA44118102 MOV.B #02H, 8111H[R4] TPUO. TMDR. BYTE = 0x02; FoD41102 MOV. B #02H, 11H[R13]
TPUO. TIORH. BYTE = 0x12; FA44128112 MOV.B #12H, 8112H[R4] TPUO. TIORH. BYTE = 0x12; F9D41212 MOV.B #12H, 12H[R13]
TPUO. TGRA = 1999; FA498C40CFO7  MOV. W #OTCFH, 8118H[R4] TPUO. TGRA = 1999: FOD9OCCFO7  MOV. W #07CFH, 18H[R13]
TPUO. TGRB = 499: FA498D40F301  MOV. W #O1F3H, 811AH[R4] TPUO. TGRB = 499 FODIODF301  MOV.W #O1F3H, 1AH[R13]
} 02 RTS } 02 RTS
Speed | Size Red : Area where base register could reduce the code size.
Before option settings: 11 44 Blue : Area where base register did not work effectively.
After option settings: 11 39 Refer to the next page for the reason.

Figure 2: Comparison of results of compilation with and without base address settings. The example on the left, in which no base address has been set, contains five 16-
bit relative accesses. In the example on the right, the base address has been set, so each of these five 16-bit relative accesses has been replaced by an 8-bit relative access.
Note that an absolute address access appears in the first line because relative accesses that involve a negative offset from the address set in the base register are not supported.

(story continued on page 20)
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Software Development Tips (continued)

Applying Build options: e Optimization method

The correct choice of “Optimize for speed” or “Optimize for size” depends on the application.

The other Build option discussed here specifies the basis on
which the compiler will perform optimization. Obviously,

RX Standard Toolchain

giving priority to program speed and giving priority to Configuration : Cf’C++|Assemny| Link Library | Standard Library | RToc 4| ¢
program size tend to be conflicting objectives. Performance of [Debug -] —

. . . . Categary : IDpnmlze ;I
the system will differ, depending on which of these

E--@ All Loaded Projects

optimization criteria is selected. Accordingly, the RX compiler - — phimiz level :

: S o = B D _
offers a choice between [Optimize for speed] and [Optimize £ C source file IR (S Details... |
[ Ce+ zource file

for size] and also lets users specify the optimization level (see o
(23 Assermbly source file Speed or size ;

Screen 3, right). The chart in Figure 3 lists the settings
) I8 & & [#-[23 Linkage symbal file

implemented when either of these options is selected.

Uptimize for size

There are three available optimization levels: “1”, “2”, and
“MAX”. For example, when [Optimize for speed] is selected,
loop expansion (see Figure 4, below right) will be used to
reduce the number of loop iterations by approximately half
if optimization level 2 is chosen, or by approximately 1/32 if Ok, I Cancel
“MAX?” is set.

Qptimization for access toeexternal variables :

INb‘Hé:I

Loop Inline Multiplication of : Instruction :Constant propagation :Optimization for :Optimization for access
Similarly, when optimizing for speed, inline expansion is used expansion : expansion iconstantdivision: relocation : of external variables : scope division : to external variable
in place of function calls to speed up execution Speed Effective(2) iEffective(100): Effective Effective Effective Effective Ineffective
A X . . . . : Size Ineffective Ineffective Ineffective Effective Effective Effective Ineffective
If optimization level “2” is specified, expansion is performed (%): Loop count for loop expansion or increment for inline expansion

until the calling function reaches twice its original size. ) o
Screen 3: Procedure for selecting optimization method.

By contrast, when the “MAX” optimization level is specified, Select the [Compiler] tab page ([1]) and then select [Optimize] from the [Category]
expansion will continue until the function reaches drop-down menu ([2]). Next, in the [Speed or size] drop-down menu, select either
approximately 655 times its original size. Generally, we [Optimize for speed] or [Optimize for size] ([3]). The default setting is [Optimize for size].

recommend choosing optimization level “2”.

When using optimization level “1” or higher, users must - -

always specify the volatile modifier for external variables that int a[100], ret: int a[100], ret:

are used in both standard and interrupt functions. To reduce void total (void) void total (void)

the number of memory accesses to the external variables, the { {

compiler copies the values of external variables to registers int i: inti:

inside the function. Thus, arithmetic and other operations can for( i=0 ; <100 ; i++ ) for (i=0 ; <100 ; i+=2 )

access the registers that hold the copies of each variable, rather ret += al[i]: ret += a[i] + a[i+1];

than the variables themselves. The register values are written } ]

back to the external variables when finished. However, be Speed | Size

aware that this operation creates problems in certain cases— Before Loop expansion i 803 29 Figure 3: Compiler settings implemented when
After Loop expansion 503 34 [Optimizing for speed] or [Optimizing for size]

for example, when one of these variables is accessed from an or LK ; o
. . . . o are selected. Three optimization settings are available:
interrupt function while an operation is in progress. “17 %7 and “MAX".
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