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Introduction

This application note describes the creation of applications with improved performance with Renesas RA8 MCUs
using Cortex-M85 (CM85) core with Helium™. It is intended to highlight the performance advantages of the Arm®
Cortex-M85 core, including low latency operation. Helium, Arm’s M-Profile vector extension with integer and
floating-point support enables advanced Digital Signal Processing (DSP), Machine Learning (ML) capabilities and
helps accelerate compute-intensive applications such as endpoint Atrtificial Intelligence (Al), ML.

This application note walks you through all the steps necessary to achieve higher performance, including:

» Application overview

» Application highlights
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« Tool configuration

« Application confirmation

Required Resources
Development Tools and Software

« |IAR Embedded Workbench (IAR EWARM) version 9.40.1.63915 or later

« Renesas Flexible Software Package (FSP) v5.0.0 or later.

Hardware

« Renesas EK-RA8M1 kit (RA8M1 MCU Group)

Reference Manuals

« RA Flexible Software Package Documentation Release v5.0.0
« Renesas RA8M1 Group User’'s Manual Rev.1.0
« EK-RA8M1-v1.0 Schematics

Application Overview

The application projects accompanying this document showcase the performance advantages of the Renesas
RA8 MCU with CM85 core. Helium intrinsics and Arm® CMSIS DSP Library functions are benchmarked to
highlight the improvements versus the scalar version of these intrinsics.

The applications also utilize Tightly Coupled Memory (TCM) and cache together with Helium for further
performance improvement.

Arm® Cortex® -M85 Core and Helium™ Technology

Arm® Helium™ technology is the M-profile Vector Extension (MVE) for the Arm Cortex-M processor series. It is
part of the Arm v8.1-M architecture and enables developers to realize a performance uplift for DSP and ML
applications. Helium™ technology provides optimized performance using Single Instruction Multiple Data (SIMD)
to perform the same operation simultaneously on multiple data. There are two variants of MVE, the integer and
floating-point variant:

« MVE-I operates on 32-bit, 16-bit, and 8-bit data types, including Q7, Q15, and Q31.
« MVE-F operates on half-precision and single-precision floating-point values.
MVE operations are divided orthogonally in two ways, lanes, and beats.
o Lanes
Lane is a portion of a vector register or operation. The data that is put into a lane is referred to as an element.
Multiple lanes can be executed per beat. There are four beats per vector instruction. The permitted lane widths,
and lane operations per beat, are: — For a 64-bit lane size, a beat performs half of the lane operation.
— For a 32-bit lane size, a beat performs a one lane operation.
— For a 16-bit lane size, a beat performs a two-lane operation.
— For an 8-bit lane size, a beat performs four lane operations.
« Beats
Beat is a quarter of an MVE vector operation. Because the vector length is 128 bits, one beat of a vector add



instruction equates to computing 32 bits of result data. This is independent of lane width. For example, if a lane
width is 8 bits, then a single beat of a vector add instruction would perform four 8-bit additions. The number of
beats for each tick describes how much of the architectural state is updated for each architecture tick in the
common case. Systems are classified by:

— In a single-beat system, one beat might occur for each tick.

— In a dual-beat system, two beats might occur for each tick.

— In a quad-beat system, four beats might occur for each tick.

Cortex® -M85 implements a dual-beat system, and it supports overlapping up to two beat-wise MVE instructions
at any time so that an MVE instruction can be issued after another MVE instruction without additional stall . Refer
to Arm® Cortex® -M85 Processor Devices for more information.

2.1 Arm® Cortex® -M85 core
Main features of Arm® Cortex® -M85 core in Renesas RA8 MCU are as follows.

« Maximum operating frequency: up to 480 MHz
o Arm® Cortex® -M85 core
— Revision: (rOp2-00rel0)
— Armv8.1-M architecture profile
— Armv8-M Security Extension
— Floating Point Unit (FPU) compliant with the ANSI/IEEE Std 754-2008 Scalar half, single, and double-
precision floating-point operation
— M-profile Vector Extension (MVE) Integer, half-precision, and single-precision floating-point MVE (MVE-F)
— — Helium™ technology is M-profile Vector Extension (MVE)
¢ Arm® Memory Protection Unit (Arm MPU)
— — Protected Memory System Architecture (PMSAvV8)
— Secure MPU (MPU_S): 8 regions
— Non-secure MPU (MPU_NS): 8 regions
o SysTick timer
— Embeds two Systick timers: Secure instance (SysTick_S) and Non-secure instance (SysTick_NS)
— Driven by CPUCLK or SYSTICKCLK (MOCQ/8).
« CoreSight™ ETM-M85

Figure 1 shows the block diagram of Arm® Cortex® -M85 core.



Figure 1 shows the block diagram of Arm® Cortex®-M85 core.
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2.2 Renesas RA8 MCU

The RA8M1 MCU group incorporates a high-performance Arm® Cortex® -M85 core as shown in the previous

Figure 1. Cortex®-M85 Core Block Diagram

section with Helium™ running up to 480 MHz with the following features.

Up to 2 MB code flash memory
1 MB SRAM (128 KB of TCM RAM, 896 KB of user SRAM)
Octal Serial Peripheral Interface (OSPI)
Ethernet MAC Controller (ETHERC), USBFS, USBHS, SD/MMC Host Interface

Analog peripherals

Security and safety features.
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Figure 2. Block Diagram of Renesas RABM1 MCU

2.3 Single Instruction Multiple Data

Most Arm® instructions are Single Instruction Single Data (SISD) instructions. The SISD instruction only operates
on a single data item. It requires multiple instructions to process data items.

The Single Instruction Multiple Data (SIMD), on the other hand, performs the same operation on multiple items of
same data type, concurrently. It means invoking/executing a single, multiple operations are being performed
simultaneously.

Figure 3 shows the operation of VADD.I32 Qd, Qn, Qm instruction that adds the four pairs of 32-bit data together.
Firstly, the four pairs of 32-bit input data are packed into separate lanes in two 128-bit Qn, Qm registers. Then,
each lane in the 1st source register is then added to the corresponding lane in the 2nd source register. The results
are stored in the same lane in the destination register Qd.

Qn 1 2 3 4

Figure 3. Operation of VADD.I32 Qd, Qn, Qm Instruction

2.4 Helium™ Applications

Digital Signal Processing (DSP) and Machine Learning (ML) are the main target applications for Helium™.
Helium™ offers significant performance increases in these applications. Typically, Helium applications are created
using Helium intrinsics.



Helium instructions are made available as intrinsic routines through the arm_mve.h in IAR EWARM installation,
located in IAR Systems\Embedded Workbench x.x\arm\inc\c\aarch32. They give users access to the Helium
instructions from C and C++ without the need to write assembly code.

Many functions in CMSIS-DSP and CMSIS-NN libraries have been optimized by Arm to use the Helium
instructions instead. Renesas FSP supports both libraries, making it easier for users to develop applications
based on these libraries. In the FSP configuration, select Arm DSP Library Source (CMSIS5-DSP version 5.9.0 or
later) and Arm NN Library Source (CMSIS-NN version 4.1.0 or later) when generating projects to add CMSIS-
DSP and CMSIS-NN supports to your project.
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Figure 4. CMSIS-DSP and CMSIS-NN supports in Renesas FSP
CMSIS-DSP and CMSIS-NN can also be added using Stacks tab in FSP configurator, as shown below.
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Figure 5. Adding CMSIS-DSP and CMSIS-NN Using Stacks Tab in FSP Configurator
Helium™ Support in Renesas FSP and IAR EWARM

IAR EWARM supports Helium™ instructions with the compiler settings. When generating a RA8M1 project using
Renesas RA Smart Configurator and Flexible Software Package (FSP), CPU settings and software settings are
pre-optimized for Cortex-M85 core and the CMSIS Helium™ support. Refer to the Renesas RA Smart
Configurator Quick Start Guide for creating an IAR EWARM project for RA8 MCU.
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Figure 6. Create an EK-RA8M1 Project using Renesas RA Smart Configurator
The Cortex-M85 core will be selected in IAR EWARM settings, as shown below.
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Figure 7. Confirm Project Settings on IAR EWARM
Check Project > Options > General Options to confirm if SIMD (NEON/HELIUM) is selected.
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Figure 8. Example of Helium Selection in IAR EWARM

Even though, the project settings are pre-optimized for Cortex-M85, they can be customized if needed. Macro




definitions can be added to select project configurations to enable and disable some portions of the code in an
IAR EWARM project. Go to Project > Options to change setups for the project if needed. The project settings can
be confirmed using the Build Messages window on IAR EWARM. Some highlight settings for RA8 MCUs are
marked in red below.
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Figure 9. Example of Build Command on IAR EWARM

Application Project

There are three projects accompanying this application note. All have the scalar code equivalent to Helium
functions.

o The Vector Multiply Accumulate (VMLA) and the scalar code equivalent.
o The Vector Multiply Accumulate Add Accumulate Across Vector (VMLADAVA) and the scalar code equivalent.
« The ARM DSP Dot Product function and the scalar code equivalent.

The projects are configured in various settings to utilize DTCM, ITCM, and cache to showcase the performance
improvements of Helium technology compared to scalar code.

HELIUM_EK_RASM1

Name

common
HELIUM_DOT_PRODUCT_EK_RABM1
HELIUM_VMLA_EK_RASM1
HELIUM_VMLADAVA_EK_RABM1
settings
| HELIUM_EK_RA8BM1.custom_argvars
© HELIUM_EK_RABM1.eww

Figure 10. Application Projects in the Workspace
The available configuration for each project is as follows.

Project HELIUM_VMLA_EK_RA8M1 | HELIUM_VMILADAVA_FK_RASM1 | HELIUM_DOT_PRODUCT EK_RASM1

Configuration

132_SCALAR v v

v
132_HELIUM 7 & v
132_HELIUM_DTCM v v 7
132_HELIUM_ITCM v v

Figure 11. Configuration Available in Application Projects
Where 132_SCALAR is for the scalar code, 132_HELIUM is for the Helium code, 132_HELIUM_DTCM is for the
Helium code that utilizes DTCM, and 132_HELIUM_ITCM is for the Helium code placed ITCM.
The projects in this application note are set to “High” and “Balanced” as shown in the following screenshot.
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Figure 12. EWARM Compiler Optimization Setting
The _CONFIG_HELIUM__ symbol is preset to select scalar operation, Helium Operation, or enable the code to
utilize DTCM and ITCM.
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Figure 13. _CONFIG_HELIUM_ Symbol Used to Select Helium Code and Scalar Code Options
4.1 Vector Multiply Accumulate Instruction VMLA Example In VMLA instruction, each element in the input
vector2 is multiplied by the scalar value. The result is added
to the respective element of input vector1. The results are stored in the destination register.
The steps of VMLA.S32 Qda, Qn, Rm instruction are shown in the following figure.

Vector2 32 EE] 34 35

Scalar value X2 X2 X2 X2

Figure 14. VMLA Operation

The intrinsic function vmlag_n_s32 in Figure 15 is used to showcase the performance of VMLA.S32 Qda, Qn, Rm
instruction versus the scalar equivalent.



datal[i] += (data2[i] * scalarval);

= Disassembly
//Get the timer counter 0x200'0700: Oxf04e Oxe001 DILS IR. IR
ts_cycle = R_GPT@->GTCNT;; 0x200'0704: Oxf105 0x0810 ADD.U¥ RE. RS, #1¢
#elif (_CONFIG_HELIUM_ == I32 HELIUM) || (_CONFIG_HELIUM_ == I32_HELIU 0%200'0708: Oxf105 Ox0cl0 ADD.U R12. RS, #16
vectorl = vldlg =32(p_datal):

#if (_CONFIG_HELIUM_ == I32_HELIUM) || (_CONFIG_HELIUM_ == I32_HELIUM_

22hal _e=ntr
f/5i Leulating 4 tput: t time, he L ill be 32/4 = 8
Aagslneviniie I pa i s 4 02200 '070c: Ow=de4 0=1£00 VIDRV. 32 Q0. [R4]

= 0x200'0710: Oxed85 0x1£00 VSTRW 32 Q0. [RS]

//load 4 data from the array vector2 = vldlg s32(p_data2):
vectorl = vldlq_s32(p_datal); 0x200'0714: Oxed%6 0=1£00 VIDRV.32 Q0. [R6]
vector2 = vldlq_s32(p_data2); 0x200'0718: OxedSc 0x1£00 VSTRV.32 Q0. [R12]
& //Multiply (vector2scalarval), add vectorl and store the resulf e e b CrrTdieerale,
;’;:t;;“; e 0x200°'0720- Oxed?5 D=3£00 VLDRY 32 Q1, [RS]
pdatal += 4} 0x200'0724: Oxee21 Ox2e4? VMLA.S32 Q1. Q0, R7
L A 0x200'0728: Oxed83 0x3£00 VSTRV.32 Q1. [R3]
//Get the timer counter p_datal += 4:
ts_cycle = R_GPT@->GTCNT; 0x200'072c: 0x3410 ADDS R4. R4, #16
I #endif B detad i
0x200°'072e: 0x3610 ADDS Ré. R&, #16

Figure 15. Example of VMLA Instruction Using Intrinsics and Disassembly Code
Figure 16 shows the scalar code equivalent to the Helium code in Figure 15.

BLEL( CONELS HELIEM® soe 33 SERUAR)) ., -, oo 0:200'06ac: Oxeb03 0x0345 ADD.W R3, R3. RS, ISL #1
o (3 A B SrET 1) 0x200'06b0: 0x600b STR R3, [R1]
™ Tatalll] T- (O8Ea2l1] ¥ SCalsrval):
® datal[i] += (data2[i] * scalarval);
L y 0:200'06b6: 0x684b DR R3. [R1. #0x4]
Tet The Timer counter 0%200'06b8: Oxeb03 0x0345 ADD.W R3. R3. R5. ISL #1
ts_cycle = R_GPT@->GTCNT;; 0x200' 06bc: 0x604b STR R3, [Rl, #0x4]
#elif (_CONFIG_HELIUM_ == I32_HELIUM) || (_CO el R R e i
. Dx200'06be: 0xf852 0x5b04 IDR.W RS, [R2], #0=4
] #1f (_CONFIG_HELIUM_ == 132 HELIW) |] (_CONF 0x200'06c2 0x688h DR R3. [R1. #0x8]
//§ine calculating 4 outputs at a time, t . i i
for (1= 0; 1<LOGP NO; 1rt) 0x200'06cd: Oxeb03 0x0345 ADD.W R3, R3, R5, ISL #1
= 0x200'06c8: Ox608b STR R3, [RL, #0x8]
//load 4 data from the array datal[i] += (data2[i] » scalarval):
vectorl = vldiq_s32(p_datal); 0x200'06ca: 0x£852 0xSb04 LDR.W RS, [R2]. #0x4
vector2 = vldlq s32(p_data2); 02200 06ce: Ox68ch LDR R3. [RL. #0xc]
//Multiply (vector2*scalarval), add vec 0x200'06d0: Oxeb03 0x0345 ADD.W R3, R3, Rs, LSL #1
result[i] = vmlaq n_s32(vectorl, vector 0200 06d4 - 0x60ch oTR R3, [RL. #0xc]
//Increase pointers - - —r—— - =

Figure 16. Example of Scalar Code Equivalent of VMLA and Disassembly Code

4.2 Vector Instruction VMLADAVA Example

The VMLADAVA instruction multiplies the corresponding lanes of two input vectors, then sums these individual
results to a produce a single value.

The steps of VMLADAVA.S32 Rda, Qn, Qm instruction are shown in the following figure.

Qo 32 EE] 34 35

Qi

RO

RO input

RO output

Figure 17. VMLADAVA Operation

The intrinsic function vmladavaq_s32 in Figure 18 is used to showcase the performance of VMLADAVA.S32 Rda,
Qn, Qm instruction versus the scalar equivalent.

T T B S S o P ST e € L T 'y

vectorl = vldlg =32(p_datal);

#if (_CONFIG_HELTIUM_ == I32 HELIUM) || (_CONFIG HELIUM == I32 |I ?%hal_entrv_3:
//5ine calculating 4 outputs at a time, the Loop will be 3 0x200'070e: Oxedd95 0x1£00 VIDRV.32 Q0. [RS]
for (i = @; i<LOOP_NO; i++) 0x200'0712: Oxed84 0x1£00 WVSTRW.32 Q0. [R4]
- - vector? = vldlg =32(p_data2)}
il gl g R 0x200°0716: Oxed36 0x1£00 VIDRW.32 Q0. [Ré]
vector2 = vldlq s32(p_data2): 0x200'071a: Oxed@88 0x1£00 VSTRV.32 Q0. [R8]
//Perform (vectorl*vector2), sum 4 multiplication resull d result[i] = vmladavag s32(scalarval. vectorl. vector2)
//Increase pointers 0x200'0722: Oxed94 0x3f00 VLDRW.32 Q1. [R4]
prdatal e il 0x200°0726: 0x2002 HOVS RO, #2
p_data2 += 4; SR e
//Gat the timer counter 0x200'0728: 0x3510 ADDS RS, RS, #le6
ts_cycle = R_GPT@->GTCNT; 5 0x200'072a: Ozeef3 0x0e20 VMIAVA 532 RO, Q1, QO
#endif 0x200'072e: 0Oxf847 Ox0b04 STR.W RO, [R7]. #0=4
p data?2 4= 4

Figure 18. Example of VMLADAVA Instruction Using Intrinsics
Figure 19 shows the scalar code equivalent to the Helium™ code in Figure 18.



#if FIG_H = ALAR —
. E—CT;.IG— Eu'_f“ 2 132—?EL ) A - Dismssembhy
FORNUENENE <0AT_BUF_SIZE; i += 2) for (i = 0. i(DAT
{
for(j = 8; j<4; 3+) 0x200°'06%: Oxf105 0x0120 ADD.W Rl, RE. #32
ks 2 e 0x200'06a2: Oxf105 Ox02a0 ADD.W R2. R5. #160
datal[i+j] == deta2[i+j]; datal[i+]j] #= dataZ[i1+]7]:
for(f = 0: §<a; §++) ?%hal_entry_0
0x200'06a6: Ox680b LDR R3. [R1]
result[i/4] += datai[i+i]; 0x200°'0628: Oxf852 Ox6b04 LDR.W R&, [R2]. #0x=d
O0x200'06ac: Ox4373 HULS k3. R6. R3
result[i/a] += scalarval; 0x200'06ze: Ox600b STR R3, [R1]
} . datal[i+j] #= dataZ[i+]]:
—ft-fﬁgci-:f;ﬂ;;n;f“:g;;_ 0%200° 06B0: D684 LDR R7. [R1. #0x4]
#elif (_CONFIG_HELIUM_ == I32_MELIUM) || (_CONFIG_WELIUM_ == I u"zunluzhz:1?”:3?2_‘“:13?‘..[1'3}?;" R L
atal[i+] = dats2[i1+3];
#if (_COMFIG_MELIUM_ == I32_MELIUM) || (_CONFIG_MELIUM_ == I32 0x200°'0EBE: OxédEe LDR Ré. [R1. #0x8]
f#5ine colculating 4 outputs ot a time, the Loop will be 3 0x200'06b8: Omd35f HULS R7. R3, R7
for (i = @; i<LOOP_NO; it++) 0x200'06ba: Ox604f STR R7. [R1. #0x4]
0x200°'06bc: Oxf852 Dx3b04 LDR.W R:. [R2]. #0xd
/flood 4 doto from the orray fortd = 0: j<d: F++)
vectorl = vldlg_s32(p_datal); o o
vector2 = wldlq_s32(p_data2); UHZOE 067? 0:1063 Ehil o
A /Perform (vectori*vector2), sum 4 multiplicotion result ‘?E“ i i
result[i] = vmladavaq_s32(scalarval, vectorl, vectorl); 0x200°06c2: 0xf8d1 : R1z. [R1. #0x4]
//Increase pointers 0x200°'06cE: OxdiSe HULS R&, R3. RE
p_datal #= 4; 0x200'06ch: Oxbl8e 5TR Ré. [R1. #0=B)
p_datal #= 4; 0x200'06ea: Oxbfce LDR Re. [Rl. #0xe)
. . 0x200°'06cc: Oxf852 Ox3b04 LDR.W R3, [R2]. #0xd
il 0x200° 06d0: Dx43Se HULS R6. R3, R6
ﬁend'i:;—c"c | x5 0%200°06d2: Oxeb04 0x7337 ADD.W R3. R4, R7. ISR #3(
0x200°'06dé: Oxklce STR R6, [Rl1. ¥0xc)
#if (_COMFIG_HELIUM_ == I32_HELIUM_ITCM) 0x200'06dB: Ox680f LDR R7. [R1]
FfFuction ploced in ITCH section for (i = 0: i<DAT_BUF_SIZE: i += 4)
item_func(); O0x200'06da: Oxld24 ADDS R4, R4, #4
wendif //(_CONFIG HELIUM == I32 HELIUM ITCM) Ox200'06dc: Oxf023 0xD303 BIC.W k3. R3. ¥3
- e 0x200'06e0: OxSfes LDR Ré. [R5, R3]
#endif A/ _CONFIG HELIUM == I32 HELTUM) [ (_CONFIG HELIUM = 0x200'06e?: 0xl9be ADDS Ré6. R7. Ré
SCB_DisableDCache(); // Dizable Dcache 0x200°06e6: Ox688E LOR R7. [R1. #0x8)
#endif 0x200'06e8: Oxffdl OxeOde LDR.W Riz. [Rl. #0zc]
SfPrint timer cycles 0x200°'06ec: 03110 ADDS Rl. R1, #16
APP_PRINT(~Timer counter cycle: %d \n", ts_cycle); 0200 ' 06ee: Oxl9%e= ADDS Ré, R7, Ré
A ) 0x200'06£0: Oxd 466 ADD Ré. R6, Ri2
4P TN TRE EERIES. o - 0x200°06£2: Oxlehé ADDS Ré. RE. #2
b for (i = 0. i<DAT_BUF_SIZE: i += 4)
0x200°'0E£4: Ox2c20 CHF Rd. #32
ibabied 0x200'06£6: OxSles STR Ré. [RS, R3]
Ox200'06£6: Oxd3dS BCC.H 7thal_entry 0

Figure 19. Example of Scalar Code Equivalent of VMLADAVA Instruction and Disassembly Code

4.3 ARM DSP Dot Product Example

The dot product example uses the arm_dot_product {32 function in the Arm DSP library to calculate the dot
product of two input vectors by multiplying element by element and sum them up. The performance of the

Helium version of arm_dot_product_f32 will be compared with its scalar version.

maine  hal_eniry.c e dot prod B2 X man.c w | Disassembly
arm_dot_prod_i{32[const float32_t %, const float32_t %, uint32_t, floatiz_17) fo Ga o | | Zona/mMemary u||g|
dparcafout]  result output result returned herd. N Dieescembly
turn none w £
[ o~ 0%200° 032 Dxt041 0xcBOS VIS LR. Bl. 77arm_fill...
aplDEt valus
B #if de‘fintﬂ[m_HATH_I‘NEFJ L '.ﬂl’f‘lnedflﬂ‘l_."\-'.TH_N.lTWEleTZEj : Trarm_£ill_£32_3
R . 0x200° 0b36: Oxed30 0x0200 VSTR S0, (RO, #0]
#include “arm helivm vtlls.h 0x200' Db3a: 0x1d00 ADDS RO. RO. %4
vhile (blkCat 111 ]
Bl void arm_dot_prod_£32( 0%200° 0b3c: Ox£O0F 0xcBOS LE IR, ?rarm_fill £32_3
const float3z_t * pSrca,
const floatdz_t * pired, Tlers_Eill _£32_2
wint3z_t blocksize, 0x200' 0b40: Ozbd00 POP {PC}
Ei{ floatd2 t * result) woid arm_dot_prod f32(
Fidud_t vecd, wech;
faTud_t vecSum;
wint3Z_t blkint;
float3Z_t sum = B.8F;
wecSum = wdupg_n_f32(8.8f);
orn_dot_prod {32
/* Compute 4 outputs ot a time %/ 0%200° 042 Oxb530 FUSH {RA. BE. LR}
blkCnt = blockSize »» 2u; vECSULR wd B_f32(0 0f):
uihe, iaihear. 1) 0x200° a4 WovS R4, 50
& blkCnt = 20
0x200° Db46 LSRS RS. R2, #2
0x200°'0b48: Ozeeal 0xdbl0 WOOP 32 Q0. R4
0x200° Obdz: Dx£04G OxcOOb WIS IR, RE, #7ara_dot_. ..
o vech = wldigi{pSroh)
L 77ara_dot_prod_32_1:
pSroh 4w 4;
; vach = wldlq(pSreB)
;;:3;‘212?[;5-—:31. 0x200°0bE4: Ox=d9l 0x5E00 VIDEW 32 Q2. [R1]
0x200° UBSE: Dx3010 ADDS RO. RO, #16
vecSum - vimag{vecsum, vecA, wvecd); porch += 4
=] 0x200' 0bGa: 0x3110 ADDS R1. R1. #16
* Decrement the blockSize Loop counter vacSum = vimag{vecSum, wecd, vecB)
I o 0x200° UbSc: Dxef02 Ox0c54 VEMA F32 Q0. QL. Q2
N vhils (blkCat > 0U)
W ! 0x200° UbED: OxfO0f UxcO0b LE LR, *arm_dot_prod
BlkCnt = blockSize & 1
blkfnt = blockSize & 3; ?ara_dot_prod_£32_0:
if (blkCat > U} 0x200° UbEd: Dx£012 0x0203 ANDS.W K2, R2. #3
=] { 0x200°' 0b6E: Ox4696 L LR. RZ
: E if (blkCet & OO}

Figure 20. arm_dot_product_f32 Function with Helium™ Code

Renesas Flexible Software Package FSP supports Arm DSP Library Source for Cortex-M85 that uses Helium
intrinsics. It will improve performance significantly compared to scalar code. Select Arm DSP Library Source in
Project Configurator to add the DSP source to your project, as shown in Figure 21.



Components Configuration

Generate Project Content

=N = Group by: | Vendor ~| Filter: |All ~ { Search..
Component Version Description Variant  *
&% Abstractions
¢t CMSIS
w @ CMSISS
[¥] CoreM 5.9.0+renesas.0.fsp.5.0.0  Arm CMSIS Version 5 - Core (M)
I [v] D5P 3.9.0+renesas.0.fsp.5.0.0 __Arm DSP Library Source |
[F] NN 4.1,0+f5p.5.0.0 Arm NN Library Source
% mbed
% Mbed
o PSA
o AWS
o Intel
o Linaro

o2 Microsoft
w % Renesas

v ¢t BSP
v @ Board
] custom 5.00 Custom Board Support Files
[ ra2al_ek 5.0.0 RA2A1-EK Board Support Files
[7] ra2a2 ek 5.0.0 RA2A2-EK Board Suoport Files e

Summary | BSP | Clocks | Pins Inter;'l.;pts Event Links | Stacks | Compeonents

Figure 21. Adding Arm Library DSP Source in FSP Configurator
Click Generate Project Content, the Arm DSP library source will be added to the project.

e

File Edit View Project J-link Tools Window Help

DO RS = R0 OC

Workspace v o X

‘IBE_HELIUM -
Files & ~

'E @HELIUM_DOT_PRODUCT_EK_RA8M1 -132_H... v
=1 W Flex Software

: B Build Configuration

pohdComnponents | |

arm_abs_f16.c

B arm_abs_fizc

arm_abs_féd.c

B arm_sbs_gl5.c

arm_abs_g3l.c

B arm_abs_g7.c

@ B arm_absmax_f16.c

Bl arm_absmax_f32.c

3 k) arm_absmax_féd.c

Bl arm_absmax_no_idx_{16.c

arm_absmax_no_idx_{32.c

B arm_absmax_no_idx_{64.c

& B arm_absmax_no_idx_g15.c

[) arm_absmax_no_idx_g31.c v

Overvieww  HELIUM_DOT_PRODUCT_EK_RA8M1  HELIUM_VE « | »

Figure 22. Arm Library DSP Source Added in FSP Project
4.4 Performance Improvement
You can utilize Tightly Coupled Memory (TCM) and Cache together with Helium™ to achieve higher performance.
Typically, TCM provides single-cycle access and avoids delays in data access. Critical routines and data can be
placed in TCM areas to ensure faster access. TCM does not use caches.
4.4.1 Tightly Coupled Memory (TCM)
The 128 KB TCM memory in RA8 MCU consists of 64 KB ITCM (Instruction TCM) and 64 KB DTCM (Data TCM).
Note that accessing TCM is not available in CPU Deep Sleep mode, Software Standby mode, and Deep Software
Standby mode.
Figure 23 shows ITCM and DTCM in the Local CPU Subsystem.



JLocal CPU subsystem (CPUD)

| AHB-AP

Cortex-M85 2
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System bus

Figure 23. ITCM and DTCM in Local CPU Subsystem
FSP initializes both ITCM and DTCM areas by default. The linker script has defined sections for ITCM and DTCM
areas, making it easy to utilize in user applications.
Figure 24 and Figure 25 are snapshots of ITCM and DCTM locations in RA8 MCU.

Reserved area*?
0x1300_A300
0x1300_A100 [ On-chip flash {option-setting memary)
0x1300_81B4 Reserved area*

On-chip flash (F. Flash) Non-
0x1300_80FD ip flash (Factory Non-
0x122F_8000 Reserved area™

On-chip flash (code flash)
0x1200_0000 e
Reserved area*?
0x1001_0000
0x1000_0000 ITCM
Reserved area*™
0x0300_A300 MNon-
0x0300_A100 | On-chip flash {option-setting memory) secure
Reserved area™ callable
0x0300_81B4 : pe
0x0300_80F0 On-chip flash (Factory Flash)
0x022F 8000 Reserved area™ Secure
- i for other
On-chi ﬂﬂ'.é‘;h (coq? flash) s
0x0200_0000 poad oily) masters
Reserved area*?
0x0001_0000
0x0000_0000 ITCM

Figure 24. Example of ITCM Areas in RA8 MCU



0x3001_0000 | Reserved area™ |
0x3000_0000 DTCM
0x2703_0400 Reserved area*?
0x2703_0050 | On-chip fiash (option-setting memory)

MNon-
0x2700_3000 Reserved area™ s;: =
0x2700 0000 Q'I'Chlp flash (data fiash) callable
0x2600 0400 Reserved area™ for CPU
0x2600 | Standby SRAM

- Reserved area*? Secure
0x220E_0000 for other
0x2200_0000 On-chip SRAM bus
0x2001_0000 Reserved area™ masters
0x2000_0000 DTCM

Reserved all#z
0x1300_A300
0x1300_A100 | @n-chip flash {option-setting memary)
0x1300_81B4 Reserved area™
On-chip Alash (F Flash) Non-
0x1300_80F0 i actory Boicsoles
0x122F_8000 Reserved area
On-chip fiash (code fiash)
{read only)**
0x1200_0000
Reserved area™
0x1001_0000
0x1000_0000 ITcM
Reserved area*?
0x0300_A300 Mo
0x0300_A100 | On-chip flash (option-setiing memory) secure
0x0300 8184 Reserved area* :alr?:t;lla
0x0300_80FD On-chip fiash (Factory Flash) b
Reserved area™ Secure
0x022F_5000 F for other
On-cmf: flash (code fiash) B
read only)*!
0x0200_0000 masters
Reserved area*’
0x0001_0000
0x0000_0000 ITCM

Figure 25. Example of DTCM Areas in RA8 MCU

4.4.2 Improve Performance Using DTCM
You can place data in the DTCM section (.dtcm_data) in an FSP-based project using the _attribute_ directive, as
shown in Figure 26.

#if (_CONFIG_HELIUM_ == I32_HELIUM) || (_CONFIG_HELIUM_ == I32_HELIUM ITCM)
static int32x4_t vectorl;

static int32x4_t vector2;

static int32x4_t result[8];

#elif ( CONFIG HELIUM == I32 HELIUM DTCM)

static int32x4_t _ attribute_ ((section(”.dtcm_data™))) vectorl;
static int32x4_t _ attribute_ ((section(".dtcm_data"))) vector2;
static int32x4 t _ attribute_ ((section(".dtcm_data™))) result[8];
wenair

Figure 26. Placing Variables in DTCM Section
The above data placement can be confirmed using the memory map generated by the compiler.



g_bsp_rom_pbps_sec3 @x388"a26c @xd4 Data Lc bsp_rom_registers.o [1]
g_bsp_rom_sas 8x388"al3s @x4 Data Lc bsp_rom registers.o [1]
g_clock_freq @x2200 '8el® @x2c Data Lc bsp_clocks.o [1]
g_Tsp_version @x288"11dc @x4 Data Lc bsp _common.o [1]
g_fsp_version_build_string
@x200'11e8 @x44 Data Lc bsp_common.o [1]
g_fsp_version_string 8x200"11ed @xE Data Lc bsp_common.o [1]
g_interrupt_event_link_select
@x200'9848 Bxc8@ Data Wk bsp_irg.o [1]
g_ioport_ctrl Bx22008 '814c @x8 Data Gb common_data.o [2]
g_main_stack 8x2200"0al® ©x488 Data Lc startup.o [1]
g_prer_masks @x2ee’ eced @x8 Data Lc bsp_register protection.o [1]
g_protect_counters @x2280"'al44 @x8 Data Gb bsp_register_protection.o [1]
g_protect_pfswe_counter
@x22008"9148 @xd4 Data Gb bsp io.o [1]
g_vbatt_pins_input 8x200"adss @x8 Data Lc r_ioport.o [1]
hal_entry 9x200'967d @xe2 Code Gb hal_entry.o [3]
main ax288"1191 @xa Code Gb main.o [2]
r_ioport_pfs_write @x200'0cSb  @xle Code Lc r_iocport.o [1]
r_ioport pins confi 8208 '8c2b __8x38  Code lLc r ioport.o [1]
result Bx2000 ‘0020 @xB@ Data Lc |hal_entry.o [3]
ectorl @x2080'0080 @x1@ Data Lc |hal_entry.o [3]
wector2 @x2000'90186 8x18 Data Lc Jhal_entry.o [3]
Figure 27. Example of Variables Placed in DTCM Area in Memory Map

4.4.3 Improve Performance Using ITCM

One of the methods to place some portions of the code in the ITCM section (.itcm_data) is using the #Pragma

directive, as shown in Figure 28.

#if (_CONFIG_HELIUM_ == 132 HELIUM_ITCM)
//Placing functions in section .itcm_data
#pragma default_function_attributes =
void item_func(void)

int i;

//Pointer values for both arrays
int32_t *p_datal = &datalfe];
int32 t *p_data2 = &data2[@];

R_GPTB->GTCR = @; // Stop timer
R_GPT®->GTCNT = @; // Clear counter
R_GPT@->GTCR = 1; // Start timer

for (i = @; i<LOOP_NO; i++)

1
//Load 4 data from the array
vectorl = vldlg_s32(p datal);
vector? = vldiq_s32(p_data2);

result[i] = vmlagq_n_s32({vectorl, wvector2,
//Increase pointers

p_datal += 4;

p_data2 += 4;

//Get the timer counter
ts_cycle = R GPT@->GTCNT;

//End placing functions in séction .item data
#pragma default function_attributes =
#endif

//5ine calculating 4 outputs at g time, the Loop will be 32/4 =

@ ".itcm_data”

8 (LOOP_NO )

/Multiply (vector2®scalarval), add vectorl and store the results

scalarval);

Figure 28. Example of Placing a Function in ITCM Section in IAR EWARM Project
You can confirm code placement using the .map file generated by the compiler or using the Disassembly Window
on the debugger.



Disassambly
?7item_func 1:
0=32:| OzedB0 0x1£00 VSTEW.32 Q0. [RO]
Ox36:| 0x=ed92 0x1£00 VIDRW.32 Q0. [R2]
O=3a:| OzedB6 0x1£00 VSTREW.32 Q0. [R&]
Ox3e:| 0xed97 0x1£00 VLDREW.32 Q0. [R7]
0=42:| O0zed90 0x3f00 VIDREW.32 ©l. [RO]
Oxd6:| Dxee2l Ox2edE VMLA.S32 Q1. QO, RS
Oxda:| OzedB4 0x3£00 VSTEW.32 01, [R4]
Oxde:| 0x3110 ADDS R1., E1, #1¢
0=50:) 0=x3210 ADDS R2. RZ. ¥le
0x52:] 0x3410 ADDS R4, R4. #1¢
0x54:| Oxf00f Oxc8lS LE IR, ?7item func 1
0=58:| 0x69d8 LDR RO, [R3. #0xlc]
O=5a:| 0=x4904 LDR.H R1. [PC., #0=x10]
OxSc:| Dx6008 STR RO, [R1]
O=Se:| OxbdifO POP {R4-R7. PC}
?7item_func_0:
0x60:| 0x4032'202c DC32 0x4032'202c
0x64:| 0522000000 DC32 vectorl
Ox68:| O0x2200'0120 DC32 result
Oxbc:| O0x2200"01f4 DC32 ts_cycle
ITCH DATAS%Limit :
0=70: —— -—
ITCH DATAS$%Limit :

Figure 29. Function Placed in ITCM Section Shown on Debugger

4.5 Improve Performance by Utilizing Data Cache

When a function utilizes long loops, it executes the same code repeatedly. Furthermore, in many applications,
data access may be repeated and sequential. Performance in these scenarios can improve significantly with

cache enabled.

In FSP, the instruction cache enable is done in a function named Systeminit in system.c, as shown in Figure 30

and Figure 31.

* Macro definitions

/* Mask to select CP bits( 8xFoeeee ) */
#define CP_MASK

IE Emet sl For

#define CCR_CACHE_ENABLE

(BxFU << 28)

ST R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R SRR R RN R RN R EETIRAAR ORI SARTNENTNHS

L e L A L e L ity

jction and LOB extension */

Value to write to 04D register of MPU stack monitor ito

#define BSP_STACK_POINTER_MONITOR_NMI_ON_DETECTION

(ExASeaU)

nable NMI when o stock overflow is detected. */

Figure 30. Macro Definition to Enable Cache in system.c in FSP

void SystemInit (wvoid)

#if defined(RENESAS_CORTEX_MBS)

_D3B();
__1I58();
#endif

SCB->CCR =

* Initialize the MCU and the runtime environment
e e R e e et

W il bl st bl Ll el

/* Enable the ARM core instruction cache, branch prediction and Low-overhead-branch extension.
* See Section 5.5 of the fortey-pSS JBM and Section D1.2.9 in the ARMv8-M Architecture Reference Manual *
| scB->ccr = (uint32 ) ccR_cacE EmmsLE; |

* Enable the ARM core instruction cache, branch prediction and low-overhead-branch extension.
* See Section 5.5 of the Cortex-M55 TRM and Section D1.2.9 in the ARMv8-M
(uint32 t) CCR_CACHE_ENABLE;

Figure 31. Code to Enable Instruction Cache in FSP
Figure 31. Code to Enable Instruction Cache in FSP

The application projects have a setting to enable data cache. Set the _ DCACHE_ENABLE_ symbol in the project
option to 1 to enable data cache. Even though data cache improves performance, it can cause concurrency and
coherency issues. It is good practice to enable the cache for application code that has repeated access to the

same set of data.

Architecture Reference




Colegosy: Factory Settings
General Options [] Multi-file Compilation
Static Analysis Discard Unused Publics
Runtime Checking
Language 1 Language 2 Code Optimizations Output
Assembler List Preprocessor  Diagnostics ~ Encodings  Extra Options
Qutput Converter
Custom Build [[]lgnore standard include directories
Lin_ker ) Additional include directories: (one per line)
Build Actions $PROJ_DIR$/ra/arm/CMSIS_5/CMSIS/Core/Include A
Debugger $PROJ_DIRS/raAfsp/inc
Simulator $PROJ_DIRS/ra/fsp/inc/api
CADI SPROJ_DIRS/ra/fsp/inc/instances
CMSIS DAP $PROJ_DIRS/ra_cfg/fsp_cfg v
E2/E2 Lite Preinclude file:
GDB Server |
I-jet
I4ink/3-Trace Defined symbols: (one per line)
TI Stelaris _CONFIG_HELIUM_=1 [[] Preprocessor output to file
i PTSEFV'!‘: comments
. [COCACHE EnABLE =T Genersie tine drecives
STHLINK —
Third-Party Driver
TI MSP-FET
TIXDS

oK Cancel

Figure 32. Example of Data Cache Enable in Application Project
Example code to enable and disable data cache are shown in Figure 33 and Figure 34.

#if (_DCACHE_ENABLE_ == DCACHE_ENABLE_YES)
SCB_EnableDCache(); //Enable DCache
#tendif

Figure 33. Example Code to Enable DCACHE

#if (_DCACHE_ENABLE_ == DCACHE_ENABLE_YES)
SCB_DisableDCache(); // Disable Dcache
#endif

Figure 34. Example Code to Disable DCACHE
Another method to enable data cache is using FSP Configurator: BSP > Properties > Settings > MCU (RA8M1)

Family > Cache settings > Data cache, as shown in Figure 35.



Summary Clocks | Pins| Interrupts| Event Links | Stacks Components

[T Properties [2]] Problems M E =B
EK-RABM1
Settings Property Value
v R7TFABM1AHECBD
part_number R7FABMIAHECBD
rom_size_bytes 2064384
ram_size_bytes 917504
data_flash_size_bytes 12288
package_style BGA
package_pins 224
v RABM1
series 8
v RABM1 Family
Security

OFS0 register settings
» OFS1_SEL register settings
» OFS1 register settings
» OFS2 register settings
Block Protection Settings (BPS)
Permanent Block Protection Settings (PBPS)
» First Stage Bootloader (FSBL)

» Clocks
v Cache settings
Data cache Disabled v
Dual Bank Mode Enabled

kv

v RA Common

Figure 35. Example of Data Cache Enable using FSP Configurator

4.6 Using General Purpose (GPT) Timer for Benchmarking
In the projects, GPTO timer is used to measure time for performance benchmarking.

//Clear and start timer for benchmarking
R_BSP_MODULE_START(FSP_IP_GPT, 8);
R_GPT@->GTCNT = @; // Clear counter
R_GPTO->GTCR = 1; // Start timer

#if (_CONFIG_HELIUM == I32 SCALAR)
//Perform scalar calculation (Equivalent with the multiply accumulate instruction)
for (i = @; i<DAT_BUF_SIZE; i++)

datal[i] += (data2[i] * scalarval);

//Get the timer counter
ts_cycle = R_GPT@->GTCNT;;
#elif (_CONFIG_HELIUM_ == I32_HELIUM) || (_CONFIG_HELIUM_ == I32_HELIUM DTCM) || (_CONFIG_HELIUM_ == I32_HELIUM_ITCM)

#if (_CONFIG_HELIUM_ == I32_HELIUM) || (_CONFIG_HELIUM_ == I32_HELIUM_DTCM)
//Sine calculating 4 outputs at a time, the loop will be 32/4 = 8 (LOOP_NO )
for (i = @; i<LOOP_NO; i++)

//load 4 data from the array

vectorl = vldlq_s32(p_datal);

vector2 = vldlq_s32(p_data2);

S/Multiply (vector2*scalarval), add vectorl and store the results
result[i] = wmlaq_n_s32(vectorl, wector2, scalarval);

//Increase pointers

p_datal += 4;

p_data2 += 4;

'S

//Get the timer counter
|ts_cycle = R GPT@->GTCNT; |

Figure 36. Example of the Timer Code for Benchmarking

Verify the Project

5.1 Open Project Workspace
The software tools required to run the application projects are as follows:

« IAR Embedded Workbench (IAR EWARM) version 9.40.1.63915 or later
« Renesas Flexible Software Package (FSP) v5.0.0 or later
« SEGGER RTT Viewer v7.92j or later



From IAR EWARM, open the HELIUM_EK_RA8M1.eww.

A % (C)PCI0 » HELIUM_EK_RABM1 v O O Search HELIUM_EK_RASM1

Organize = MNew folder z= - i | 9

a3 Name -

- common

& HELIUM_DOT_PRODUCT_EK_RAZM1

R HELIUM_VMLA_EK_RAEM1

J, HELIUM_VMLADAVA_EK_RASM1

= settings

- [ FHeLium_Ex RaeMT cvm ]

= v < >

File name: |HELIUM_EK_RABM1.eww < | | Workspace Files (*.eww) v
Open |v Cancel

Figure 37. HELIUM_EK_RA8M1.eww Workspace
The HELIUM_EK_RA8M1 workspace consists of three projects named HELIUM_VMLA_EK_RA8M1,
HELIUM_VMLADAVA_EK_RA8M1 and HELIUM_DOT_PRODUCT_EK_RA8M1.
Three projects that appear on the workspace when it opens, as shown in Figure 38.

File Edit WView Project J-link Tools Window Help

iNNBS B LR DC PN

Workspace v QX

|HELIUM_DEIT_FHDDUI:T_EK_F!A.BM1 -132_HELIUM_DTCM

Files

cIm[HELIUM_EK_RABM1

= @ HELIUM_DOT_PRODUCT_EK_RASBM1 - 132_HELIUM_DTCM *
2 @ HELIUM_VMLA_EK_RABM] - 132_SCALAR

@ HELIUM_VMLADAVA_EK_RABMI -132_SCALAR

<<=

Overview HELIUM_DOT_PRODUCT_EK_RABM1 HELIUM_VMLA_EK_RASKMI «

Debug Log

Figure 38. Projects are Opened in IAR EWARM
To enable data cache support in the application project, change _ DCACHE_ENABLE_ symbols in Options >
Preprocessor from 0 to 1, as shown in Figure 39.



M_VML
Category: Factory Settings
General Options [ Multi-fle Compilation
Static Analysis Discard Unused Publics
Runtime Checking
Language 1 Language 2 Code Optimizations Output
Assembler List Preprocessor  Diagnostics Encodings Extra Options
Qutput Converter
Custom Build [Jlgnore standard include directories
Linker Additional include directories: (one per line)
Build Actions $PROJ_DIRS/ra/am/CMSIS_5/CMSIS/Core/Include ~
Debugger $PROJ_DIRS/ra/fsp/inc
Simulator $PROJ_DIR$/ra/fsp/inc/api
CADIL $PROJ_DIRS/ra/fsp/inc/instances
CMSIS DAP $PROJ_DIRS/ra_cfg/fsp_cfg v
E2/E2 Lite Preinclude file
GDB Server {
Ijet
Iink/)-Trace Defined symbols: (one per line)
TI Stellaris _CONFIG_HELIUM_=1 O Pre;mcessot output to file
i reserve comments
r;;i:.(o l DCACHE ENABLE -1 Generate Hine directives
STHLINK —
Third-Party Driver
TIMSPFET
TIXDS
oK Cancel

Figure 39. Enable Data Cache Support in Project
5.2 Build Project

There are several configurations in each project. Select a project, then a project configuration you wish to run
before going to the next step.

e HELIUM_EK_RABM1 - IAR Embedded Workbench IDE - Arm 9.40.1
File Edit View Project J-Link Tools Window Help

NN A= RO D C - niaaClas
‘Workspace v QX
132_HELIUM_DTCHM %)
132_HELIUM

132_HELIUM_DTCM
132_HELIUM_ITCM
SEGGEF.HTT
B buildinfo ipcf
M Output

HELIUM_DOT_PRODUCT_EK_RASM1 HELIUM_VMLA_EK_RASM1 HELIUM_Vh « | »

Figure 40. Cortex-M85 Configuration Control Register (CCR)
On IAR EWARM, launch RA Smart Configurator from Tools > RA Smart Configurator, and click “Generate Project

Content” to generate project content.
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Figure 41. Example of Generating Project Content
Build the active project by selecting Project > Make or Project > Rebuild All .

@ HELIUM_EK_RAEM1 - IAR Embedded Workbench IDE - Arm 9.40.1
File Edit View | Project | Jlink Tools Window Help
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Figure 42. Build the Active Project

5.3 Download and Run Project
The EK-RA8M1 kit has a few switch settings that must be configured before running the projects associated with
this application note. These switches must be returned to the default settings per the EK-RA8M1 user manual. In

addition to these switch settings, the board also contains a USB debug port and connectors to access the J-Link
programming interface.

Table 1. Switch Settings for EK-RA8M1

Switch Setting
J8 Jumper on pins 1-2
J9 Open

Connect J10 on EK-RA8M1 kit to USB port on your PC, open and start SEGGER RTT Viewer with the following
settings.
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Cancel

Figure 43. SEGGER RTT Viewer
Click Download and Debug to start running the project.

© HELIUM_EK_RAZM! - IAR Embedded Workbench IDE - Arm 9.40,1
File Edit
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Figure 44. Start Running the Project

The operation results will be printed on SEGGER RTT Viewer, as shown in Figure 45.

Al Terminals Terminal 0 Terminal 1 Terminal 2 Terminal 6

M Utilized

ult[9]:
ult[18]
ult[11]

Figure 45. A Helium Operation with DTCM Utilized




5.4 Confirm Instructions Generated For Helium™ Extension
Use the Disassembly window of EWARM to check the Helium™ extension code generated by IAR EWARM

compiler.

Figure 46 shows the disassembly of scalar code.

for (i = B; i<DAT_BUF_SIZE; i++)
=

{
__|n___-[

SGet the timer counter
tz_cycle = R_GPTB->GTCNT

#elif (_CONFIG_HELIUM_ -- I32_HELIUM)

#if (_CONFIG_HELIUM_ == I32_HELILM)
f5ine calc ting 4 o It
for (i - 8; 1<LOOP_NO;

{
Sflood 4 dota yrom the array
wectorl = wldlg s32(p_datal);
wvectorz = wldlg s

32(p_data);

ffFuction placed in IT
itom_func():
— #endif /7 CONF

L #endif /i ;.
R_GPTB-3GTCR = @ //Stop #i
S7Print timer

LAt L cycies
APP_PRINT("

imer counter cycle: ¥d \n",

{_CONFIG_HELIUM

{ _CONFIG_HELIUM_
time, the Loop wil

Mul t y (vect rval }, odd vectorl and st
result[i] = wmlag n_s32(vectorl, wector?, scalarva
/Increase pointers
p_datal = 4;
p_datal += 4;
- }
Get the timer counter
ts_cycle = R_GPTB-»GTONT;
- #Fendif
B ®if (_CONFIG_HELIUM_ == I32 HELIUM_ITCM)

ts_cycle);

Disassambhy

for (i = 0; i<DAT_BUF_SIZE; i++)
Ox200'0696 - Oxde23 1DR .H R4, 7?DataTabled_3.
0x200°'0698: Oxf04f Ox0=08 WOV U LR, #8
OxZ00'06%: D=x4621 HOW Rl. R4
0x200'06%: Oxil04 O0=x0280 ADD.W R2. R4. #1238
Ox200'06a2 - Oxildis Oxe001 LIS Lk, IR

datal[i] += (datal[i] = scalarval

?thal entry 0

Ox200 0626 OxfBS52 OxSb04 IDR W RS, [R2]. #lxd
0x200'06aa: O=xEB0L LDR R3. [E1]
Ox200'06ac: O=meb03 O=0345 ADD.W R3, R3. R5. LSL #1
0200 06b0 . Ox60lb STR R3, [R1]

is [1] += (da ] ®» =ealaresl
0x200'06b6 - OxEB4b LDR R3. [El. ¥0=4]
0x200'06b8: Omeb03 0=x0345 ADD.W R3. R3. R5. ISL #1
Ox200'06be. D=clib STR R3, [Rl, #0xd]

datal[i] += [(dataZ[i] = scalarval
Ox200'06be: OxfBS2 Ox5b04 LDR W RS, [R2]. Flxd
Ox200'06c2 - O=xEBAL LDR R31. [Rl. #Dx8]
Ox200'06cd: Oxeb03 Ox0345 ADD.W R3. R3, R5. LSL #1
Ox200'06cd - O=éDdb STR R3, [Rl, #0x:&]

datal[i] += (data2[1] = =calarval
0x200'06ca: OxfBES2 OxSb04 LDR W RS, [R2]. #FOx4
0x200'06ce: OxbEBch LDR R3. [Rl. ¥Dxc]
0x200'06d0: O=meb03 O=x0345 ADD.W R3. R3. R5. LSL ¥l
Op200'06ds . O=tlch STR B3 __[Rl __#0xc]
for (1 = 0. i<DAT_BUF_SIZIE. i++)
Ox200° 064G *16

Ox3110

A0S k1, E1

Figure 46. Disassembly Code of Scalar Code
Figure 47 shows the disassembly of Helium code generated using the Helium™ extension.

| S/5ine calculating 4 o ot o time, the Loop wil
é for (1 = 8; 1<LOOP_NO;
&
1q_s32(p_datal)
vector2*scol al), add wectorl an
valag n_siZ{wectorl, vector2, scalarva
/ olnters
p_datal +
p dataZ #= 4;
I 1
/fGet the timer counter
ts_cycle = R_GPT&-»GTCNT;
i— Bendif
i
[ #if (_CONFIG_HELIUM_ == I32 HMELIUM_ITCM)
SfFuction plaoced in ITCM sectior
item func();
i— #endif J/(_CONFIG MELIUF == [32 HELIWM T
b #endif //( CONFIG_ (_CONFIG HEL
R_GPTEB->GTCR =
S/Print timer cycles
APP_PRINT("Timer counter cycle: Zd ‘0", ts_cycle);
Bl #if (_CONFIG HELIUM == I32_SCALAR)
l / ing the results
Ffor(i=0; i<DAT_BUF_SIZE; i++)
B {

Digagsermbly
for (i
0x200° DEac:
D200 Dbae:
D200 06b0:
Dx200 " 06b4 :
Dx200 " 06kB6;
0x200° D6ba:
0x200° 06ba:
0x200° 06cO:
0x200° 06ed

vactorl

Dx200 " Dboc:

L LOOF_HO; di4+)

Oxdc3d LLR. K R4, ?7DataTablel 4
0x2201 MOVS k2, #1
Ouf0df Oxl=DE MOV U IR, #8
0x6002 STR R2. [RO)
Oxf104 0x0120 ADD W Rl. R4. ¥32
Ozfl4e Dxe0Dl DLS LE. LE
0=2202 HOVS R2., #2
Oz£104 00310 ADD.W R3. Ri. #lb
Oxf104 00710 ADD.W R7, Ri. #l&6
Y 12(p _datal)

vector? o= pdatal)
0x200°06dD: Oxed?6 Oxl1iO0 VLDRV.22 Q0. [R&]
0x200°06d4: OredB3 OlfD0 VSTRV 32 Q0. [R3]
rasult[i] = vmlag n_s32({wectorl. wectord., scalarval
0x200°06d48: Owed97 Ox1f00 VIDRW 32 00, [E?)
Dx200°'0bde: Oxe=d9d Dx3fD0 VIDRW 32 Q1, [R4]
Dx200'06=0; Oxe=Zl Oxled2 VHIA 532 Q1. Q0. R2
Dx200°D6m4: OxedBl DxJED0D VSTRV. 22 Q1. [Fl]
p datal += 4
Ox200°06eB: Ox3510 ADDS R5. R5. #16
p dataZ += 4
On200° Dbea: Ox36ll ALy Ro, Re. #lb

Figure 47. Disassembly of Helium Code Generated by IAR WARM

5.5 Benchmarking Performance

Use the “Timer counter cycle” printed on SEGGER RTT Viewer for performance benchmarking. It shows how
many GPTO counter cycles have elapsed since the function was executed.

All Terminals

Terminal 0

Terminal 1

with

Terminal 2

Terminal 6

DTCM Utilized

Figure 48. Example of Timer Counter Cycle on RTT Viewer

5.5.1 VMLAVADA Project HELIUM_VMLADAVA_EK_RA8M1
The performances of the function vmladavaqg_s32 in various configurations are as follows.



Project Configuration Timer cycle  |Performance Increase (vs 132 SCALAR) %

132_SCALAR 386

132 HELIUM 222 42.5
132_HELIUM_DTCM 148 61.7
132_HELIUM_ITCM 218 43.5

Figure 49. Performance Data w/o Data Cache Enable
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Figure 50. Performance Chart w/o Data Cache Enable
Following are the performances of the vmlag_n_s32 function with data cache enabled in various configurations.
To enable data cache in the project, follows steps in section 4.5, build and download it .

Project Configuration Timer cycle  |Performance Increase (vs 132_SCALAR) %
132 SCALAR (w/o data cache enable) 386

132_SCALAR 82 78.8
132_HELIUM 58 85.0
132_HELIUM_DTCM 60 84.5
132_HELIUM_ITCM 52 86.5

Figure 51. Performance Data w/ Data Cache Enable
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Figure 52. Performance Chart w/ Data Cache Enable
5.5.2 VMLA Project HELIUM_VMLA_EK_RA8M1
The performances of the function vmlag_n_s32 in various configurations are as follows.



Project Configuration Timer cycle |Performance Increase (vs 132 SCALAR) %
132_SCALAR 263

132_HELIUM 218 17.1
132 HELIUM_DTCM 144 45.2
132_HELIUM _ITCM 17 17.5

Figure 53. Performance Data w/o Data Cache Enable
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Figure 54. Performance Chart w/o Data Cache Enable
Below are the performances of the vmladavaq_s32 function with data cache enabled in various configurations. To
enable data cache in the project, follows steps in section 4.5, build and download it .

Project Configuration Timer cycle  |Performance Increase (vs 132 SCALAR) %

132_SCALAR (w/o data cache enabled) 263

132_SCALAR 52 80.2
132_HELIUM 28 71.9
132_HELIUM_DTCM 57 78.3
132_HELIUM_ITCM 52 80.2

Figure 55. Performance Data w/ Data Cache Enable

Performance w/ Data Cache enable
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Figure 56. Performance Chart w/ Data Cache Enable
5.5.3 DSP Dot Product Project HELIUM_DOT_PRODUCT_EK_RA8M1
The performances of the ARM DSP Dot Product arm_dot_prod_f32 function in various configurations are as
follows.



Project Configuration Timer cycle  |Performance Increase (vs 132_SCALAR) %

132 SCALAR 270
132_HELIUM 158 41.5
132_HELIUM_DTCM 100 63.0

Figure 57. Performance Data w/o Data Cache Enable
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Figure 58. Performance Chart w/o Data Cache Enable
Below are the performances of the ARM Dot Product arm_dot_prod_f32 function with data cache enabled in

various configurations. To enable data cache in the project, follows steps in section 4.5, build and download it .

Project Configuration Timer cycle |Performance Increase (vs 132_SCALAR) %
132_SCALAR (w/o data cache enable) 270

132_SCALAR 49 81.9
132_HELIUM 36 86.7
132_HELIUM_DTCM 21 92.2

Figure 59. Performance Data w/ Data Cache Enable
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Figure 60. Performance Chart w/ Data Cache Enable

Conclusion

The Renesas RA8 MCU with Arm Cortex-M85 supports significant scalar performance uplift. Furthermore, the
Tightly Coupled Memory (TCM) support in Renesas FSP makes it easier to utilize Helium intrinsics and TCM for
further improvement.

Website and Support
Visit the following vanity URLs to learn about key elements of the RA family, download components and related
documentation, and get support.



RA Product Information renesas.com/ra
RA Product Support Forum renesas.com/ra/forum
RA Flexible Software Package renesas.com/FSP

Renesas Support renesas.com/support
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