MICROCHIP TB3178

How to Perform Faster Mathematical Calculation in Cortex-
MO+ Microcontrollers

Introduction

Various applications in the industrial and home appliance markets require mathematical operations for
different sets of algorithms and calculations. Cortex™-M0+ based microcontrollers contain instructions for
addition, subtraction, and multiplication. The Cortex-M0+ architecture does not have an assembly
instruction for the division operation, and the division logic can vary based on different compilers. The
ARM Cortex-MO0+ based microcontroller (MCU) has a configurable option to use the fast multiplier for
multiplication. Based on the configurable option, the multiplication operation may vary from a single cycle
instruction, up to 32 cycles.

The SAMC21, a Cortex-M0+ MCU, is a perfect fit for applications which require mathematical
calculations. The SAMC21 MCU has the fast single cycle multiplier option for multiplication, and has a
new peripheral called the Division and Square Root Accelerator (DIVAS), which allows for rapid division
and square root operation.
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Concept

Concept

The Application Binary Interface (ABI) for the ARM® Architecture is a collection of standards, some open
and some specific to the ARM architecture. The ABI regulates the inter-operation of binary files and
development tools in a spectrum of ARM-based execution environments. Compilers that have support for
ARM MCUs need to comply with these standards. One of these standards is the Run-time ABI for the
ARM Architecture. This standard specifies the helper function for ABI to support C, C++, and arithmetic
operations. For division, the compiler replaces division and modulo operators with their library code (i.e.,
using repeated subtraction as a solution for division). This library code adds hundreds of bytes to code
memory, and the MCU consumes anywhere from 50 to 400 clock cycles depending on the size of the
operands. DIVAS can be used by the compiler, by overloading the runtime ABI helper methods to use
DIVAS features. DIVAS shows better performance than compiler division (i.e., 50 clock cycles less for the
division of 65535/3). DIVAS supports integer square root operation without any additional library
dependencies.

Note: The modulo operator uses division to retrieve the remainder, and therefore needs to be
overloaded. DIVAS performance results may vary based on dividend and divisor values.
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Solution/Implementation

DIVAS supports 32-bit Integer division only. The Run-time ABI helper method for the division is
overloaded for compilers to understand that division should use the DIVAS feature. As per the Run-time
ABI standard, the 32-bit integer division functions return the quotient in r0, or both quotient and
remainder in {r0, rl}.

In the following example, the 2-value-returning functions are described using ARM-specific prototype
notation.

Note: Some compilers may use 64-bit signed/unsigned integers as the return type, instead of the idiv
or uidiv structure.

int  aeabi idiv(int numerator, int denominator);

unsigned _ aeabi uidiv (unsigned numerator, unsigned denominator) ;

typedef struct { int quot; int rem; } idiv_return;

typedef struct { unsigned quot; unsigned rem; } uidiv_return;

_ value_in regs idiv_return _ aeabi idivmod(int numerator, int denominator) ;

__value_in regs uidiv_return _ aeabi uidivmod (unsigned numerator, unsigned denominator) ;

Note:

The ASFv3 framework provides support for the DIVAS driver. The DIVAS ASF APIs contain APls for
integer division, modulo, and square root. Set the symbolic definition DIVAS OVERLOAD MODE to frue to
help overloaded ABI helper methods in the ASF driver for DIVAS to perform the intrinsic division
operations. The driver that contains the run-time ABI helper methods are overloaded with DIVAS ASF
driver APls.
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Figure 2-1. DIVAS Division Operation
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Functions may use the DIVAS Square root feature, instead of using the math library’s float operation
based function call.
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Figure 2-2. DIVAS Square Root Operation
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DIVAS can be useful in the following application scenarios:

* Run-time calibration of the ADC and Oscillators for fine tuning performance of ADC/Oscillator
output in industrial and motor control applications.

* Industrial control applications, which require faster PID loop.
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Tip:

Division by zero: Cortex-MO0+ is the ARMv6-M architecture which does not include a divide
instruction, therefore, there is no hardware exception for that. The user can validate for verifying
denominator to be zero and based on which can raise a software user exception using the raise
API or provide a default value (zero or the dividend) as output. Please refer to https://
www.gnu.org/software/libc/manual/html_node/Signaling-Yourself.html for information on signal/
raise APls, which are supported by GCC compiler.

The Division may cause signed bit overflow: When dividend -2147483648 (bit pattern
0x80000000) is divided by denominator of value -1, the output number 2147483648 has no
value in signed representation. The above is a special case, and implementation can be user
defined based on the application need (i.e., Can return the dividend or a default value.).

Division/modulo operation from both ISR and main context: If division occurs from both ISR
and main context, the overloaded methods should be protected by an interrupt lock. The
implementation should then contain a global interrupt disable and a global interrupt enable
method at the start and end of every overloaded method.

Floating point division and long division: The ARM Cortex-M0+ does not have a floating-
point unit (FPU), and DIVAS supports 32-bit integer division only. The compiler continues to use
its library code to perform floating point division and long (64-bit) division instead of using
DIVAS.
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Relevant Resources

3. Relevant Resources

http://www.atmel.com/Images/Atmel-42465-Using-DIVAS-on-SAMC-
Microcontroller_ApplicationNote AT6486.pdf

Application Binary Interface for the ARM® Architecture http://infocenter.arm.com/help/topic/
com.arm.doc.ihi0036b/IHI0036B_bsabi.pdf

Run-time ABI for the ARM® Architecture (http://infocenter.arm.com/help/topic/
com.arm.doc.ihi0043d/IHI0043D _rtabi.pdf)

http://asf.atmel.com/docs/latest/samc20/html/group___asfdoc__samO__divas__group.html
https://www.gnu.org/software/libc/manual/html_node/Program-Error-Signals.html
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

*  General Technical Support — Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

»  Distributor or Representative
* Local Sales Office
*  Field Application Engineer (FAE)
»  Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.
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*  Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad 1/0, SMART-1.S., SQIl, SuperSwitcher, SuperSwitcher I, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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Tel: 86-756-3210040
Fax: 86-756-3210049
India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123
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Tel: 81-6-6152-7160
Fax: 81-6-6152-9310
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Tel: 81-3-6880- 3770
Fax: 81-3-6880-3771
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Tel: 82-53-744-4301
Fax: 82-53-744-4302
Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934
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Tel: 60-3-6201-9857
Fax: 60-3-6201-9859
Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850
Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828
Fax: 45-4485-2829
Finland - Espoo

Tel: 358-9-4520-820
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
France - Saint Cloud
Tel: 33-1-30-60-70-00
Germany - Garching
Tel: 49-8931-9700
Germany - Haan

Tel: 49-2129-3766400
Germany - Heilbronn
Tel: 49-7131-67-3636
Germany - Karlsruhe
Tel: 49-721-625370
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560
Israel - Ra’anana

Tel: 972-9-744-7705
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7289-7561
Poland - Warsaw

Tel: 48-22-3325737
Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
Sweden - Stockholm
Tel: 46-8-5090-4654
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Tel: 44-118-921-5800
Fax: 44-118-921-5820
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