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1 Introduction

The MCX A series microcontrollers, powered by the Arm Cortex-M33 are general-purpose MCUs, designed to
address a wide range of applications with scalable device options, low power, and intelligent peripherals.

MCX A346 series provide a Mathematical acceleration unit (MAU), which accelerates the mathematical
operations, such as include sine, cosine, arctangent, square root, reciprocal, and reciprocal square root.
Applications such as Motor Control and Sensor Data Analysis are benefited from MAU’s acceleration.
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2 MAU operation overview

To operate MAU, perform the following steps:

1. Set the bit 9 in the register MRCC_GLB RST2 and MRCC_GLB_CC2 before starting the MAU operation.
These bits control the MAU’s clock and reset operation.
2. To operate the MAU correctly, it is essential to know the MAU’s memory model.

MAU on the MCX A346 device has two memory spaces:

* Direct memory space (0x4010_8000 to 0x4010_87FF): This memory space contains the programming
registers shown in Table 1.
These registers control the behavior of the MAU and store the calculation results.

Table 1. Registers in direct memory space

Offset |Register Width |Access
10h System Control (SYS_CTLR) 32 RW
14 h General Exception Status Interrupt Enable (GEXP_STATUS_IE) 32 RW
18 h General Exception Status (GEXP_STATUS) 32 RW
30h Operation Control (OP_CTRL) 32 RW
38h Result Status Interrupt Enable (RES_STATUS_IE) 32 RW
3Ch Result Status (RES_STATUS) 32 RW

40 h Result Register 0 (RESO0) 32 RW
44 h Result Register 1 (RES1) 32 RW
48 h Result Register 2 (RES2) 32 RW
4Ch Result Register 3 (RES3) 32 RW

* Indirect memory space (0x4010_8800 to 0x4010_8FFF): This memory space access is decoded into the MAU
commands and data operands.
Table 2 shows how the access address is decoded into commands.

Table 2. MAU Command Decode Table
BIT11 |BIT10 ‘BITQ BIT8 |BIT7 |BIT6 ‘BITS ‘BIT4 ‘BIT3 ‘BITZ BIT1 |BITO

1 Data Type Result Select MAU Operation Code Reserved

Also, Table 2 shows how the address is decoded into the following 3 parameters:

e Data Type: 0b00 UINT, 0b01 INT, Ob10 Fixed Point, Ob11 Floating Point

* Result select: 0b00 RESO0, 0b01 RES1, 0b10 RES2, 0b11 RES3

* MAU operation Code: 5b00001 y=1/x, 5b00010 y=sqrt(x), 5600011 y=1/sqrt(x), 5b01000 y=cos(1rx), 5001001
y=sin(11x), 5b01100 y=arctan(x)/1r

The following steps show how to perform a square root operation:
Note:
The input used in the example is UINT and the result is stored in RES2.

1. Determine the address according to the Table 2 and Reference Manual.
From the given example, the write address should be:

0x40108000 (MAU base address) + 0x90C (Obl 00 10 00010 00, Data Type=UINT,
Result Select=2, MAU OpCode=2) = 0x4010_890C
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2. Write the data to the determined address with selected width.
If data is UINT16, then use instruction STRH or uint16_t pointer.
3. Read the result from the selected result register.
In the given example, RES?2 is selected. Therefore, read the UTNT1 6 value from the following address:

0x40108000

(MAU base address) + 0x40 (RESO register offset) = 0x40108040

2.1 Example

/*! @brief MAU data type. */

typedef enum
{

_mau_data type

kMAU DT UINT = O,
kMAU DT INT =

— 1’
kMAU DT Q1X = 2,
kMAU DT FLOAT =

3

} mau data type t;
/*! @brief MAU result register. */

typedef enum
{
kMAU RESO
kMAU RES1
kKMAU RES?2

kMAU RES3 =

} mau result

_mau_result

Il
wWN o

~ N~ 0~

t;

/*! @brief MAU calculation code. */

typedef enum mau mopc
{

kMAU MOPC_BYPASS = (0U),

kMAU MOPC RECIP = (1U),

kMAU MOPC SQRT = (2U),

kMAU MOPC SQRT RECIP = (3U),

kMAU_MOPC_COS = (8U),

kMAU MOPC_SIN = (9U),

kMAU MOPC_ATAN = (12U)
} mau mopc_ t;
#define MAU MATH PI (3.1415926535898f)
#define MAU DT SET (dt) ((dt) << 9U)
#define MAU RES SET (res) ((res) << 7U)
#define MAU MOPC_ SET (mopc) ((mopc) << 2U)
#define MAU INDIRECT ADDR (base, dt, ds, mopc)

| MAU RES_SET (ds) | MAU MOPC_SET (mopc))

((base) | 0x800U | MAU DT SET (dt)

Definitions are provided in the SDK header. To perform the calculation easily, use the APIs from SDK.

An example calculation is given below:

* (volatile uintl6 t *)
(MAU INDIRECT ADDR(MAUO, kMAU DT UINT, kMAU RESZ2, kMAU MOPC SQRT)) = X;

uintle t y =

* (volatile uintl6 t *)MAUO->RES2;
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MAU is a simple mathematical accelerator. It accelerates sine, cosine, square root, reciprocal, and reciprocal
square root operations, and supports various data types and widths. MAU is very efficient based on its zero
configuration feature and pipeline feature. Theoretically, MAU calculation takes only 3 cycles.

Table 3 shows the performance comparison in CMSIS-DSP compliant API.

Table 3. MAU performance comparison

Operation CPU cycles with MAU CPU cycles with CM33 Core Performance improvement
arm_sin_f32 10 52 4.2x
arm_sin_q31 10 39 2.9x
arm_sin_q15 10 33 2.3x
arm_cos_f32 10 57 4.7x
arm_cos_q31 10 40 3.0x
arm_cos_q15 10 33 2.3x
arm_sin_cos_f32 14 123 7.7x
arm_sin_cos_q31 9 247 26.4x
arm_sqrt_f32 14 26 0.8x
arm_sqrt_q31 12 62 4.1x
arm_sqrt_q15 12 53 3.4x
The following example shows how the CMSIS-DSP compliant API is defined:
float32 t arm cos F32(float32 t x)
{ MAU REG_FLOAT (MAU INDIRECT ADDR (MAUO BASE, kMAU DT FLOAT, kMAU RESO, kMAU MOPC COS)) = x * (1 / MAU MATH PI);

return MAU REG_FLOAT ( (uint32_t) (&MAUO->RESO)) ;
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4 Achieving better performance

This section describes how to achieve a better performance with MAU.

4.1 Pipelined calculation

MAU has 4 result registers. Therefore, MAU can perform 4 calculations parallelly.
To achieve a better performance, pipelined calculation is performed.
The following code snippet shows how to perform a pipelined calculation:

Note: A CMSIS-DSP compliant function arm vector sin £32is implemented in this example.

void arm vector_sin_g31(g31_t *pSrc, g31_t *pDst, uint32_t blockSize)
{

const gq31 t *pIn = pSrc;

uint32_t blkCnt = blockSize >> 2U;

while (blkCnt > 0U)

{

MAU_REG_Q31 (MAU_INDIRECT ADDR (MAUO_BASE, kMAU DT Q1X, kMAU RESO, kMAU MOPC SIN)) = *plIn++ * 2;
MAU_REG_Q31 (MAU_INDIRECT_ ADDR (MAUO_BASE, kMAU DT Q1X, kMAU RES1, kMAU MOPC SIN)) = *plIn++ * 2;
MAU_REG_Q31 (MAU_INDIRECT_ ADDR (MAUO_BASE, kMAU DT Q1X, kMAU RES2, kMAU MOPC SIN)) = *plIn++ * 2;
MAU_REG_Q31 (MAU_INDIRECT_ADDR (MAUO_BASE, kMAU DT Q1X, kMAU RES3, kMAU MOPC SIN)) = *plIn++ * 2;
*pDst++ = MAU REG Q31 ( (uint32_t) (&MAUO->RESO)) ;
*pDst++ = MAU REG Q31 ( (uint32_t) (&MAUO->RES1));
*pDst++ = MAU REG Q31 ((uint32 t) (&MAUO->RES2)) ;
*pDst++ = MAU REG Q31 ((uint32 t) (&MAUO->RES3));blkCnt--;

}

blkCnt = blockSize $ 0x4U;

while (blkCnt > 0U)

{
MAU_REG_Q31 (MAU_INDIRECT ADDR (MAUO_BASE, kMAU DT Q1X, kMAU RESO, kMAU MOPC SIN)) = *plIn++ * 2;
*pDst++ = MAU REG Q31 ( (uint32_t) (&MAUO->RESO)) ;

blkCnt--;

Note: Read from the MAU result register is not after write to the MAU indirect address immediately.

As mentioned in Section 3, the MAU calculation takes 3 cycles and the read operation from the result register is
stalled before the calculation is completed. Therefore, the read result register after writing the indirect address
stalls the CPU immediately. To avoid these waiting cycles, perform the other tasks.

Figure 1 shows a pipelined operation, which can have a maximum 1.5x times faster performance than a normal
operation.

Write x1 Read y1 Write x3 Read y3
Write x0 Read y0 Write x2 Read y2
ﬁDDDﬁ%DDD&ﬁDDDﬁ%DDD&
Write x1 Write x3 Read y1 Read y3

Write x0 Write x2 Read y0 Read y2

Figure 1. Performance comparison between pipelined operation and normal operation

4.2 Override result data type

MAU result data type can be overridden to save the CPU cycles on data type conversion.
To control the data type override function, use the register OP_CTRL.

Figure 2 shows the register OP_CTRL definition.
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Bits 31 30 29 28 27 26 25 24 23 22 21 20 | 19 18 17 16
R Reserved Reserved
OVDT_RES3 ovDT OVDT_RES2 ovDT
EN3 EN2
w _ _
Reset 0 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0
Bits 15 14 13 12 11 10 9 8 7 6 5 4 | 3 2 1 0
R Reserved Reserved
OVDT_RES1 ovDT OVDT_RESO ovbT
EN1 ENO
w _ _
Reset 0 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0
Figure 2. OP_CTRL register

OP_CTRL contains four parts. Each part has an ovDT ENn field, which controls whether the data type
overridden function is enabled.

The field OVDT RESn controls to which data type, the result is overridden.

The following code snippet shows how to use the data type overridden function:

mau_config t mauCfg;

MAU GetDefaultConfig (&mauCfg) ;

MAU Init (MAUO, &mauCfgq);

MAUO->OP_CTRL = MAU OP CTRL OVDT EN RESO(Obl) | MAU OP CTRL _OVDT RESO (Obll);
MAU_REG_UINT32 (MAU_INDIRECT_ADDR(MAUO, kMAU_DT_UINT, kMAU_RESO, kMAU_MOPC_SQRT))
= X;

float y = *(volatile float *)MAUO->RESO;
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5 Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2025 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS I1S" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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Table 4 summarizes the revisions done to this document.

Table 4. Revision history

Document ID

Release date

Description

AN14681 v.1.0
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