. User's Guide
I3 TEXAS SLAU499—May 2013

INSTRUMENTS

MSPMATHLIB: An Optimized MSP430™ Library of
Floating-Point Scalar Math Functions

MSPMATHLIB is an accelerated floating point math library for MSP430™ MCUs that delivers up to 26
times faster computation for the most commonly used math functions. The library seamlessly integrates
with existing projects to replace the most common floating point math functions without any changes to the

code.
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1 Introduction

MSPMATHLIB includes the following twelve functions:
» Trigonometric: sin, cos, tan

* Inverse trigonometric: asin, acos, atan, atan2

» Exponential: exp, log

e Misc: sqrt, reciprocal, fmod

MSPMATHLIB enables users to run highly accurate floating point algorithms more efficiently without the
need to convert to complicated fixed point code. This benefits math-intensive applications that are limited
by performance or energy. New high-performance applications are now possible, and existing applications
can run faster. Existing low-energy applications can now execute costly math calculations in a fraction of
the time and increase time spent in low-power modes. The low-power performance enabled by
MSPMATHLIB can benefit applications such as utility metering and applications involving sensors, a touch
interface, or graphical computations.

The library is compliant with IEEE Standard for Floating-Point Arithmetic (IEEE Std 754) and includes
support for finite, infinite, and not a number (NaN) for both input and output. All functions use rounding
with ties to even (zero) and have the maximum possible accuracy for all input ranges. Due to the nature of
the floating point format, some functions lose accuracy in certain ranges such as asin, acos, exp, and log.
In these cases, the result is as accurate as possible. This accuracy is comparable to existing
implementations.

Visit http://www.ti.com/tool/mspmathlib for product download and supported devices.

2 Benchmarks

The benchmarks that are shown in Section 2.1 and Section 2.2 were obtained using Code Composer
Studio™ IDE version 5.3.0.00090, MSP430 compiler version 4.1.5, and small code and data models.
Comparable results can be expected when running on IAR Embedded Workbench™ IDE.

MSP430, Code Composer Studio are trademarks of Texas Instruments.
IAR Embedded Workbench is a trademark of IAR Systems.
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2.1

2.2

Cycles

Performance

Figure 1 shows the average CPU cycles needed to calculate a result for the existing MSP430 math
implementations and for MSPMATHLIB. The number above each pair of bars is the factor by which the

specified function is improved when using MSPMATHLIB.

Compiler math.h library
B MSPMATHLIB

CPU Cycle Improvement

26.6x

13.8x 13.8x
108 110x o0 8.3x
7.1
52 7.9
1.6x 2.7x
m_m B 'm m = m e W W
cos sin tan acos asin atan atan2 sqrt 1/x log exp fmod

Figure 1. MSPMATHLIB Performance (Fewer Cycles is Better)

Accuracy Benchmarks

Table 1 shows the worst-case relative accuracy for common input ranges of the compiler libraries and
MSPMATHLIB. The data indicates that in most cases, there is a negligible difference in accuracy between
the existing math.h library and MSPMATHLIB. Results were obtained using Code Composer Studio IDE.

Table 1. Accuracy Benchmarks

Function math.h MSPMATHLIB
sin 1.51E-07 1.51E-07
cos 8.15E-08 9.84E-08
tan 6.58E-05 6.61E-05
asin 1.87E-06 1.95E-06

acos 6.79E-04 6.81E-04
atan 1.28E-07 6.12E-08
atan2 1.32E-07 5.48E-08
exp 1.00E-06 1.00E-06
log 1.05E-07 1.67E-07
1/x 7.63E-08 7.63E-08
sqrt 9.68E-08 8.24E-08
fmod 6.10E-08 6.10E-08
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3 Using MSPMATHLIB

3.1 Code Composer Studio™ IDE
1. Runthe MSPMATHLIB installer to extract the library.
2. Open a CCS project.

3. Open the project properties, select eabi as the Application binary interface, and select the desired code
model and data model (see Figure 2).

+'« Properties for mathlib_project = @
type filter text Processor Options L=l v
. Resource
General
4 Build Configuration: [DEbUg [ Active ] "] [Manage Conﬁgurations...]
4 MSP430 Compiler
Processor Options
Optimization and Debug
Include Options Silicon version (--silicon_version, -v) [mspx V]
ULP Advisor Application binary interface (--abi) [eabi v]
- Advanced Options
. MSP430 Linker Specify the code memeory model, (--code_model) [5ma|l v]
Debug Specify the data memory model. (--data_model) [small V]
Task Tags
Indicates what data must be near (--near_data) [ "]
oy
'\‘?_,.' Show advanced settings oK ] l Cancel
Figure 2. Properties for Project
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4. Right click the project and select Add Files.

+’« CCS Edit - mathlib_project/main.c - Code Composer Studio

File

o

Edit View MNavigate

&/~

L5 Project Explorer &2

4]

4 |l= mathlib_proje

» [l Includes
- (2= targetConf
- g Ink_msp43l

le main.c

C &

i

Project Run

e

MNew

Copy
Paste
Delete
Source
Move...

Rename...

Import...
Export...

Show Build Settings...

Build Project
Clean Project
Rebuild Project
Refresh

Close Project

Build Configurations
Make Targets

Index

Add Files...
Debug As
Team
Compare With

Scripts

Window Help

- -

5~ -0

Ctrl+C
Ctrl+V
Delete

F2

F5

Restore from Local History...

Refactor
Source

Source

Properties

Alt+Enter

13

L€ main.c &1
1#include <msp43@.h>

2

Licensed

= mathlib_project

main.c

WDTCTL =

return @;

Console 2

6 in“‘c main(void) {

WOTPW | WDTHOLD;

conscles to display at this time.

// Stop watghdog timer

Figure 3. Add Files to Project

[E=H(EoR (==
& ¥ CCsDebug B0~
=]
-
<A E~[5~—0

4

MSPMATHLIB: An Optimized MSP430™ Library of Floating-Point Scalar
Math Functions

Copyright © 2013, Texas Instruments Incorporated

SLAU499-May 2013
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU499

13 TEXAS
INSTRUMENTS

www.ti.com

Using MSPMATHLIB

5. Select the library that matches the code and data model (see Figure 4).

<+ Add files to mathlib_project ==
@Uv| .« MSPMATHLIB 1 00 00 00 » MSPMATHLIE » CC5 - |¢f| | Search CCS ol
Organize - Mew folder =~ [ IZIEIII
0 Mame Date modified Type Size
|| MSPMATHLIB_CCS_msp430_large_large.lib 5/1/201310:48 AM  LIB File 355 KB
|| MSPMATHLIB_CCS_msp430_large_restricted.lib 5/1/201310:48 AM  LIB File 355 KB
|| M5SPMATHLIE_CCS msp430_large_smalllib 5/1/201310:48 AM  LIE File 355 KB
|| MSPMATHLIB_CCS mspd430_small_small.lib 5/1/201310:48 AM  LIB File 355 KB
File name: MSPMATHLIB_CCS_msp430_small_small.lib - T VI
[ Open |v] I Cancel I
Figure 4. Select Library
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6. Replace all inclusions of math.h with the msp430_math.h header file that is located in the top-level
include directory (see Figure 5). msp430_math.h includes math.h and redefines the function names to
link the included library functions. Functions that are not included in MSPMATHLIB continue to use the
compiler implementation.

«"« CCS Edit - mathlib_project/main.c - Code Composer Studio EI@
File Edit View MNavigate Project Run Scripts Window Help
S~ va :};‘;v vf'v =1 ] - Eft‘jCCSDebug F‘l»
L[ Project Explorer &3 = 5 ¥ T 0| [ maine =0
4 [ mathlib_project [Active - Debug] 1 #include <msp43@.h> -
[l Includes 2 #include "msp43@_math.h"

> [= targetConfigs
+ g Ink_mspd30f3528.cmd
» Lg| main.c
By MSPMATHLIB_CCS_msp430_small_small.lib

" main.c

LY ]

int main(void) {
float result;

WDTCTL = WDTPW | WOTHOLD; /{ Stop watchdeg timer
result = sinf(1.8);

return @;

El Console &3 ¥ ~g>=0

Mo consoles to display at this time.

[ Licensed = mathlib_project

Figure 5. Replace Includes of math.h With msp430_math.h
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7. You can now build the project (see Figure 6). The MSPMATHLIB functions are linked in place of the
standard math.h functions. The function prototypes are identical and require no additional
considerations when coding.

«’+ CCS Edit - mathlib_project/main.c - Code Composer Studio EIIEI
File Edit View Mavigate Project Run Scripts Window Help
ok & B- 9~ Gv - B % CCSDebug (B517
L[ Project Explorer &3 - 5 T T 0 & mainc 5 =0
4 = mathlib_project [Active - Debug] 1 #include <msp43@.h: -
. ﬁﬁ‘ Binaries 2 #include "msp43@_math.h"
> [t Includes
> (= Debug

main.c

> (= targetConfigs
> | Ink_mspd30f5529.cmd
. Lel main.c
=5 MSPMATHLIB_CCS_msp430_small_small.lib

int main{wvoid) {
float result;

WDTCTL = WDTPW | WDTHOLD;  // Stop watchdog timer

result = sinf(1.8);

return @;
5}
4 I3
El Console % @@|Eu; x| HFEB~-5~70
CDT Build Console [mathlib_project]
unused pins. L

remark #18372-D: (ULP 4.1) Detected uninitialized Port C in this project.
Recommend initializing all unused ports to eliminate wasted current consumption on
unused pins.

remark #18372-D: (ULP 4.1) Detected uninitialized Port D in this project.
Recommend initializing all unused ports to eliminate wasted current consumption on
unused pins.

"Finished building target: mathlib_project.out’

m

*#*#%* Build Finished ****

o® Licensed = mathlib_project
Figure 6. Build Project
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3.2 |IAR Embedded Workbench™ IDE
1. Run the MSPMATHLIB installer to extract the library.
2. Open an IAR project.
3. In the General Options category, select the data model to use (see Figure 7).
Options for node "mathlib_project” @
Categany:
[General optons_|
C/C++ Compiler
Assembler
Custom Build Target |Output | Library Corfiguration I Library Optians I Stack/Heap | * | *
Build Actions
Linker Device Data Model
TI ULP Advisor @ Smal
Debugger MSP430F5529 n .
FET Debugger © Medium
Simulator () Large
LO52 ) )
@ L092 mode Hloating-point
C052 emulation mode S_'ZE of type ‘double
(@) 32 bits
Posttiondindependence () 64 bits
[ Code and read-only data Hardware multiplier
Mo dynamic read /write initialization _ Hardware muttiplier
@ Allow direct access
[ Exclude RESET vector ) Use only library calls
[ ] ] [ Cancel
Figure 7. Options for Project
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4. Right click the project and select Add Files (see Figure 8).

Add one or more files to the project NUM

% IAR Embedded Workbench IDE EI |
File Edit View Project Simulator Tools Window Help
D L@ &% B @] o o | mspaso -SRI ePEH BEURS|L D
Workspace * [ ain.c | =
[Debug - —
Filas En B #include "mspd430.h F
=@ mathlib_project - Debug v int main( void )
main.c Options...
DOutput Stop watchdog timer to prevent time out reset
Make TCTL = WDTEW + WDTHOLD:
Compile
0-
Rebuild Al jrurn 0
Clean
Stop Build
Add 3 Add Files...
Add "main.c” 3
Remove
Rename.. Add Group...
Version Control System >
Open Containing Folder...
File Properties...
Set as Active
Imathlib_proiect . = b |

Figure 8. Add Files to Project
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5. Select All Files and then select the library that matches the data model (see Figure 9).

e

& Add Files - mathlib_project

I\-.-/”\._./} | ; o« MSPMATHLIE 1 00 00 00 » MSPMATHLIE » IAR
Organize + Mew folder
i Mame Date modified
|| MSPMATHLIB_IAR_msp430_large.lib 5/1/2013 10:48 AM
|| MSPMATHLIEB_IAR_mspd30_mediurm.lib 57172013 10:48 AM
|| MSPMATHLIB_IAR mspd30_small.lib 5/1/2013 10:48 AM

File name:  MSPMATHLIB_IAR_msp430_small.lib

(23]
hd | + | | Search IAR =
e Size
LIE File ks
LIB File o
LIE File 159 KB
- |AllFiles () -
| Open |v‘ I Cancel ‘

Figure 9. Select Library
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6. Replace all inclusions of math.h with the msp430_math.h header file that is located in the top-level
include directory (see Figure 10). msp430_math.h includes math.h and redefines the function names
to link the included library functions. Functions that are not included in MSPMATHLIB continue to use

the compiler implementation.

ﬁ mathlib_workspace - IAR Embedded Workbench IDE

=8 EcE 5

Eile Edit View Project Simulator Tools Window Help

NEE@| |0 o - Wb D
Workspace * | main.c | - x
[Debug - =i

-'
Sfm|mathlib_project - Debug * (v | ] - '

rain.c . int main{ void )

I— [ MSPRMATHLIE_IAR_msp430_... =0

1 Output

float result;

/¢ Stop watchdog timsr to prevent time out reset
WDICTL = WDTPW + WDTHOLD;

result = sinf(1.0});

m

return 0;
b
mathlib_project . = n i
x
Messages File Line

=

=

o

Ch\Users'\ AD273762\Documentsimathlib_projectimathlib_project.ewp Errors 0, Warnings 0 NUM

Figure 10. Replace Includes of math.h With msp430_math.h
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7. You can now build the project (see Figure 11). The MSPMATHLIB functions are linked in place of the

standard math.h functions.

& mathlib_workspace - IAR Embedded Workbench IDE = ==
Eile Edit View Project Simulater Tools Window Help
D = | | | - B LD
Waorkspace % | aine | ) v x
[Debug -
=l mathlib_project - Debug R -
main.c int main{ wvoid )
F— O MSPMATHLIE_IAR_ rmsp430_.. =)
[ Qutput i float result;
/4 Stop watchdog timer to prevent time out reset
WDICTL = WDTEW + WDTHOLD;
result = sinf{l.0); )
return 0;
}
mathlib_project o [ m ol =
x
hMessages File Line
Building configquration: mathlib_project- Debug
Updating build tree...
main.c
Ay warning[PeE50]: variable "result” was set but never used ChUsers\A0273. \mainc 7
Linking
Total number of errars: 0
Tatal number of warnings: 1
=0
=
o
Ready Errors 0, Warnings 1 NUM
Figure 11. Build Project
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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