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Agenda

 Tools Overview
+  Compiler Efficiency

« 56800/E Core Dependencies
= Memory Models
= 8/16/32 bit data types

 Misc. Techniques

« Utilizing HW Features
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® |Intrinsic Functions

 Optimized SW Libraries
* Utilizing Processor Expert and PESL

From Efficiency to Safety
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The Complete Development Environment
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CodeWarrior for 56800/E
CodeWarrior for Motorola 56800/E is a
windows based visual IDE that includes an
optimizing C compiler, assembler and
linker, project management system, editor
and code navigation system, debugger,
simulator, scripting, source control, and
third party plug in interface.

Hardware Tools

The 56800/E solutions are supported with
a complete set of evaluation modules
which supply all required items for rapid
evaluation and software and hardware
development. In addition several
command converter options exist for
customer target system debugger
connection.
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Compiler Code Efficiency

* Use Level 4 Optimizations
Efficiency of hand-coded assembly can be reached

+ Advanced techniques that assist the compiler.
Calling convention considerations
Effects of type casting
Large memory model options

i @ sdm external memory Settings

B Target Settings Panels

|E Global Dptimizations

=+ Target
- Target Settings
- Aocess Paths
- Build Extraz
- File Mappings
- Source Trees
- MBEB00E Targat
—+ Language Settings
-« C/C++ Language
- C/C++ Preprocessor
o CAC++ W armings
- MBES00E Assemnbler
= Code Generation
- ELF Dizaszembler
- MBEB00E Processar
o G Iobial O ptimizations
= Linker

o MEBE00E Linker

|

Optimize For:
* Faster Execution Speed
Larger Code

Easzier Debugging
Faster Compiles

" Smaller Code Size

Smaller Code
Harder Debugging
Slower Compiles

)

Optimizations Level 1
Off Local Optimizations

Details

I I I
Level 2 Level 3 Level 4

Impart Panel... | Expart Panel... |

1] | Cancel | |

MCU Func -> sort Bits max search CRC init
asm 23 30 16 14 31 12
C-0 67 50 32 31 76 34
Cc-1
Cc-2
Cc-3
C-4 23 31 16 14 31 14

C overhead 0.0% 3.3% 0.0% 0.0% 0.0% 16.7%

Efficiency Hint:
Use CW

Optimizations
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WiEmbedded Connectivity Summit [ Small / Large Memory Models

DATA ARITHMETIC LOGIC UNIT

DATA REGISTERS
35 3231 16 15 0

A2 Al AO
B2 Bl BO

A
B
C
D
Y1
ol

X0

B New for 56800E

ADDRESS GENERATION UNIT

23 15

RO ==> R0, R1, N, and M01
R1 registers are shadowed
R2
15 0
R3 MO1

MODIFIER REGISTERS

15 0
B v |
] SP SECONDARY OFFSET REGISTER
POINTER REGISTERS
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PROGRAM CONTROL UNIT

20 15

[ ] PC
PROGRAM COUNTER
15

o

OMR
SR

OPERATING MODE and STATUS
23 15

o

il

LOOP ADDRESS
15

o

HWSO0
HWS1

HARDWARE STACK
15 12

o

[

LOOP COUNTER

N
o
o

FAST INTERRUPT RETURN ADDRESS

[are
N
o

FAST INTERRUPT STATUS REGISTER
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i@ ldm external memory Settings

H Target Settings Panels |E MEES00E Processar

=+ Target -
- Target Seftings || Hardware DO Loops:|Mo Do Loops -
-~ Mocess Paths ™ Small Program Madel

Small / Large Memory Models i

- Source Trees
- MBEBO0E Target
=+ Language Settings

[ Globals live in lower me

[+ Pad pipeline for debugger

Memory model comparison (Bubble Sort)  C/Cee Language (.. || I Emtseparat charactr data scton
- C/C++ Preprocessor [ Zero initialized globals live in data instead of BSS
. o CAC+H+ Warnings
int vector([] = { 3,7,6,1,2,5 }; . MEGAN0E Asserbler [ Create Aszembly Output
int next; = Code Generation || 1 Pipeline Canflict Detection
int main () - ELF Disazzembler Inline Asm  |Not Detected ~|
{ - Global Dptimizatiores C Language |Mot Detected -
. L LA =+ Linker
}nt =0, ij, . . © MSEROOE Linksr |
int sz = sizeof (vector)/sizeof (int);
Factory Settings | | Impart Parnel... | Export Panel... |
for (i=0; i<sz; 1i++){ oK | Carcal | |

for (j=0; Jj<sz-1i; j++){
if (vector[jl>vector[j+1]) |
next=vector([jl;

i @ Idm external memory Settings

; . / Target Settings Panels H MEER00E Aszembler
vector[j]=vector[j+1]; L. . = Taget =
vector[j+1]=next; EfflClency Hint: - Target Settings
- Access Paths ™ Generate Listing File
} Use - Build Extras -
} N - File Mappings
} a pp rop ri ate - Source Trees [V Assert NOPs an pipeline conflicts
-~ MBEBO0E Target ™ Emit \Warrings for NOF aszertions
memory model = Language Setings -
- C/C++ Language ... Ernit W armings for Hardware Stalls
} S PTEDT_UCESSUT [~ Allow legacy instructions
EiE oliiamings I Pad Pipeling for Debugger
=} Code Generation _ || I EmitWarmings for odd SF Increment/Diecrement
- ELF Disazsembler T Data M Madel
Small Data Model Large Data Model Large Data Model + . MSBBOOE Processor it et s
o 5 - Global Optimizationg < Default Program kemary kModel
Globals live in lower - Linker -
Lo MOEGOOE Linker  w :
memory |
Factary Settings | | Import Panel... | E=port Panel... |
579 cycles 760 cycles 729 cycles
(1]9 | Cancel | |
T
. ,
> g Law xd by Molorola
o> ' f ’ ~
- Treescaie
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Efficiency Hint:
Avoid casting
to/from char
and long

Casting with Non 16-bit Data Types

« inttolong * intto char « chartolong
int 1s; char 1c; long 11;
long 11; int 1s; char 1c;
11 = (long)ls; lc = (char)ls; 11 = (long)lc;
move.w X:(SP-2),A; move.w X:(SP-2),A moveu.b X: (SP),A
asrlo A,A sxt.b A,A sxt.b A,A
move.l Al0,X: (SP-4) move.b Al,X: (SP) asrlo A,A

move.l Al0,X: (SP-4)

L -
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Efficiency Hint:
Limit casting
to/from char &
void pointers

Casting with Void & Byte Pointers

void * pvoid;
int vint;
int * pint;
char * pchar;

pint (int *) &vint;
adda #-5,SP,R0
move.w RO, X: (SP-06)

pvoid = (void *)pint;
moveu.w X: (SP-06),R0
asla RO, RO v

move.w RO,X:(Sfﬁ4QH 16-pits

pchar = (char *)pint; o .

move.w X:(SP-6),RO - Casting penalty: 0 < <}

asla RO,RO e O 1 \ -

move .w RO, X: (SP-7) 1word, 1 CVCIe 1 v ® char pointer

= 3

pint = (int *)pvoid; z

moveu.w X: (SP~4),R0 4 3 ® int pointer
e

lsra RO

move.w RO, X: (SP-6) -
aaaaESESsTSESESESSESSESESEST ST S S ST S ST S S ST S ST S T

L -
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Other Efficiency Hints

« Initialize local arrays and structures at declaration time, if possible.
Local arrays and structures are initialized optimally by the compiler.

* Functions with a large number of parameters will probably have to pass
some parameters on the stack causing costly memory accesses. Make
sure that frequently called functions pass their parameters in registers.
Chapter 6 of the targeting manual documents the parameter passing
rules for the DSP56800E C Compiler.

« Loading frequently used global variables into local temporary variables
sometimes has a positive effect on code size and performance, since
accessing variables through registers is more efficient that absolute
addressing modes.

L
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Example: Loading Global Variable into Local Temp

Code Using Globals

Code Using Locals
(98 cycles, 20 words)

. (57 cycles, 13 words)
#define ARRAY SIZE 5
static struct sl

{

int main ()

{

unsigned char value a;

unsigned char value b;

unsigned char value c;
} s sl1[ARRAY SIZE];

int i;
unsigned int local var;
local var = rl;

for (1 = 0; i < ARRAY SIZE; 1i++)
{

unsigned int rl;

int main ()

{

local var += s sl[i].value a;
_ . local var += s sl[i].value b;
int 1; local var += s sl[i].value
for (1 = 0; 1 < ARRAY SIZE; 1i++) - -
{

rl += s sl[i].value a; 1 = local vars Efficiency Hint:
rl += s sl[i].value b; - Use local
rl += s sl[i].value c; variable

return (rl);

}

return (rl);

substitution
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Utilizing HW Do Loops
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Common Operatio
[ COPE'?:gLALI\gR l [ AGu ] | ALUT | ALU2
5o _I I MAC X0,Y0,A X:(R4)+,Y1 X:(R3)+C
LA , .
LA2 'Ngéggggg N Vo1 RO Arithmetic Op 1st Read 2nd Read
HWS N3 R1
FIRA INTERRUPT R2
FISR UNIT =
O R5 : )
LOOPING N Program f)pera.tlons Performed:
SP Multiply-Accumulate
LC2 Memory
- = - * 3 Memory Accesses
< AP - 2 Address Additions
v XAB2 g
v PAB
Instruction Fetch:
v Memory _PAB - 21 bits
PDB - 16 bits
{ 1st Data Access:
A DATA Interface XAB1 - 24 bits
BIT B ALU CDBR - 32 bits
MANIPULATION YE())
;(1) External 2nd Data Access:
vvy | Bus XAB2 - 24 bits
MAC Multi-bit Interface XDB2 - 16 bits
and ALU Shifter
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i@ sdm pROM-xRAM Settings

Utilizing HW DO Loops

Example C Code

for (i=0; I < 25; i++)

{
y =1 + 5;
}
Without DO Loops:
226 cycles
move .w #0,B
—» move.w B1,A
add.w #0x000005, A
add.w #0x000001,B
cmp . w #0x000019,B
L blt main+0x3 (0xe3)
move.w Al,X:0x000000

H Talget Settings Panels

Language Settings

Target [
- Target Settings

- Aocess Paths

- Build Extras

- File Mappings

- Source Trees

- MBEEO0E Target

- C/C++ Languane ...
- C/C++ Preprocessar
- CAC++ Warnings
- WBES00E Aszembler —

+- Code Generation

ELF Disassembler

- [Global Optimizations

- _Linker

- MSBAOOE Linker |

v Pad pipeline for debugger

™ Emit separate character data section
[ Zem initialized globals ive in data instead of BSS
I Create Azsembly Output

Pipeline Conflict Detection

Inline Asm |N0t Detected

C Language (Mot Detected -

=

Impart Panel... | Export Panel... |

oK

| Cahicel | |

— add.w

With DO Loops:

130 cycles

move.w #0,B . . ..
do #0x000019, 0x0000eb EffICIency Hint:
—» move.w B1,A Use Do Loops,
add.w  #0x000005,2 but be aware of
move.w  Al,X:0x000000 limited
#0x000001,B resources

4“
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56800E CodeWarrior™ Intrinsic Functions

Math support Modulo Addressing Support

Category Function Category (cont.) | Function (cont.) . mod init
Absolute/Negate abs s Multiplication/MAC mac r . mod initint16
podate e . mod start
L abs mult
L_negate mult_r * _mod access
Subtraction b L meu . |
L add L mult . mod g:n'm]ﬁ
L sub L mult |s
Control stop Normalization fs s
wait norm s
urn off conv mdg ffs |
turn off sat norm |
turn_on_conv_mdg | Bounding round
furn on sat Shifting shl
Deposit/Exiract exiract h shiftNs
extract | shlfts
L deposit h shr
Division dv s SR Efficiency Hint:
div s4g Lsh Utilize intrinsic
div Is L shiftNs functions to
e — target specific
R instructions

-
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Example: FIR Filter in C with Intrinsic Functions

Code Using L_mult Code Using L_mac
(4 instr / tap) (3 instr / tap)
Accl += L mult(0x1000, Buff[0]); Accl = L mac(Accl, 0x1000, Buff[0]);
move.w X:(SP-3),B move.w X: (SP-3),B
move.w #4096,Y0 move.w #4096,Y0
mpy B1,YO0,B mac B1,Y0,A
add B,A

Accl = L mac(Accl, 0x2000, Buff[l]);

Accl += L mult(0x2000, Buff[l]);
move.w X:(SP-2),B
move.w X:(SP-2),B move.w #8192,Y0
move.w #8192,Y0 mac B1,Y0,A
mﬁ;g EIAYO’ B Efficiency Hint:
@ ’ Use most
efficient intrinsic

functions
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Application Specific Algorithm Libraries

Modem Libraries

« V.8bis, V.21, V.22bis,
V.42bis

Security Libraries
« RSA, DES, 3DES,

Motor Control

« BLDC, ACIM, SR motor
specific algorithms

General purpose
algorithms

Math Libraries
* Matrix, Fractional, Vector
* Trigonometric

Memory Manager
* Dynamic allocation

Feature Phone Library

« CallerID type 1&2,
CallerID Parser,
Generic Echo Cancellor

DSP Library

 FIR, lIR, FFT, Auto
Correlation, Bit
Reversal

Telephony Libraries
AEC, AGC, Caller ID,
CAS, CPT, CTG, DTMF
G165, G168, G711 Tools Library

G723, G726, G729 « Cycle Count, FIFO, FilelO,
Test

Slide 15
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Bean Selector
CQuick help >

Bean Categories I On Chip Peripherals I

= CFU
(= CPU extemnal devices
= CPU internal perpherals
= B
(= Anay Function Librar
(= Data
(= Digital Signal Processing Librany
= D5F
= Feature Phone Library
(== Fractional b ath Library
(= M atrix Math Libramy
= Memamny manager
= Modem Library
(= Mator Cantral
(= 05 canfiguration
(== Security Library
(= Speech Library
(= Telephony Library
(= Toolz Librarny
= Trigonometric Function Library

(= Tutorialz and demonstrations
= Vectar Math Librar

Filker:  alliCPU ” Licensed -

L -
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C-callable fixed point FIR from Processor Expert™

11.3.19 fir - Finite Impulse Response Filter

Call(s):
void dfrleéFIR (dfrlé tFirStruct *pFIR, Fraclé *pX, Fraclé *pZ, UIntlé n);
Arguments:
Table 11-32. fir arguments
pFIR in Pointer to a data structure containing private data for the fir filter;
created by a call to firCreate

pX in Pointer to the input vector of n data elements

pZ inout | Pointer to the output vector of n data elements

n in Length of the input and output vectors

Efficiency Hint:
Use Processor
Expert Libraries

Description: Computes a Finite Impulse Response, (FIR). filter for a vector of fracti
to any call to fir, the FIR filter must be nitialized via a call to firCreate: the FIR
passed to that firCreate call. The function fir uses the private data structure establ?
maintain the past history of data elements required by the FIR filter computation.

-
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Efficiency Hint:
PE provides
efficiency,
portability, and
rapid developm

Processor Expert Overview

nt

™ ' .
Processor Expert Key Abstraction Technologies
= Supports rapid application development . PESL
= Enables component oriented programming — Processor Expert System Library

— Peripheral oriented
. EB — an abstraction provider
— Embedded Beans
— Functionality oriented
— Real components for building of an application

= Provides expert advice if necessary
= Delivers instant functionality of generated code

= Provides tested ready-to-use code

How Features of PE are Achieved PESL EB
. Developed by experienced programmers of
embedded systems Application Layer
. Expert knowledge system is working on the
background of PE and checks all the settings Application Layer ]
«  Provides context help and access to CPU/MCU EB Hierarchy User
vendor documentation EB
. All EB delivered by UNIS are tested according HW Abstraction Layer
to ISO testing procedures (UNIS is ISO pESL|_Name Abstraction Layer Encapsulated Functionality| EB
certified company)
HW HW
T
< & Launched by Motorola
Z“freescale
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Processor Expert and Safety Critical Applications

HIS Structure

DAIMLERCHRYSLER

BMW Group PORSCHE

QD
Auds

G
M - ﬂ'! i foae m Standard Software

Architecture

E
GoD HIS Applications
s’ BMW Group DAMLERCHRYSLER PORSCHE
ECU-function
Diagnestics-function
o
w
m
=
o
w
BAP KWP 2000 OSEK £
o || 58
ISO 157652 Network Layer | E
‘ CAN/LIN Data Link Layer | ‘D:g"
g | CAN/LIN Physical Layer || voHardware |
= Legende.
(=T
0D HIS
bl
s, BMW Group DAIMLERCHRYSLER P OIRSCIHES
* - Launched by Motorola
e f ' -
- Treescaie
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Additional Efficiency and Safety Considerations

* Use Lint tools
CodeWarrior provides plug-in for CP-Lint
Lint greatly reduces errors and improves efficiency

« Use MISRA C tools
Subset ANSI-C standard with focus on safety
Usually provided as part of Lint tools

L -

Launched by Motorola

Z " freescale

. semiconductor
Slide 19

Freescale Semiconductor Confidential Proprietary. Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc.
All other product or service names are the property of their respective owners. © Freescale Semiconductor, Inc. 2004



Profile Your Code for Better Optimizations

Bl Trace Data [0] - (HWIC [etst]) =] B3
File View Help
BIIC Al = L e—r— - [m]
Eventndex | Source Description Data Description |__Dettatus) | Elapsedius) | |
186 3RTOS Exit ID:10035 Name:ose_webs_spawm -21.30 -4l.10[=
17, 6/RTOS Switch ID:10036 Name:ose webs_func posvs | _1a_an
) 18 &|Function Encry ose v dbg(): ese vy dbgec Source: D:\Rtos\ose\Workipowerpciexample\Webs\GHS \Fads\Hwic'3.0.0V
13 6 Coverage - for ose_www_dbg(): ose_www_dbg.c
B 6Coverage - for osc_wmg_dbg|): ose_wew dog.c| ENe Font Options  Help [k?
¥ 21 & Coverage - for nze_wm_dbg(]: ose_winr_dbg. o =
22 6|Coverage - for ose_www_dbg(): ose_www_dbg.c TEecpRaguuec. TpCHotpRaudsty =
OSERBH *ptOldErrh;
23 6/Coverage - continue ose_ww_dbg(]: ose www_dbg.c S
24 & Function Entry vHandleRequest(): ose_wwu_db(
25 6 Cowerage - label vHandleRequest(): ose_uwwu_db( (voidip; /% Hill "not used warning® *+/
26 6|Cowerage =i if then pHeandLEREqueat] )2 oae_mom: dng ptOldErrh = create_error_handler (current_processi{l, ose_www_dhg_errh, 1024);
27, 6 Coverage - continue vHandleReguesti): oge_wwu_db( prHreplequest = (THrtpRaquest *)alloc(sizeof(THeepRequesc), 03
28 6|Context - Function Exit vHandleRequest(): ose_wwu_db( prtHetpRegquast -> szPath = htep > relurl:
23 6 Coverage - continue ose_www_dbg(): ose_www_dbg.c ptHotpRegquest —» http htep;
30 6|Coverage - for ose_www_dbg () : ose_www_dbg.c ptHotpRequest -» szNoAutcoPath = NULL:
x2 %14 6 Cowerage - continue ose_wmw_dbg(): ose_wwr_dbg.c prtHttpRequest -~ ikutoTime = -1;
32 6 Coverage - f£or oze_wy_dbg(): ose wwy_dbg.c for (i =0 ; i < PCE_CACHE_SIZE ; it+)
33 6|Coverage - continue ose_www_dbg(): ose_www_dby.c — 1
%4 €coverage - for P — —— ptHttpRequest -= atPchCachePidlil = 0;
= ptHttpRequest -+ apsPebCache[i] = MULL;
25 [Call Stack] HWICIctst]::Trace Data [0] - (Data File [D-5\AMC_T ools\CodeTESTAConfig Files\fadsose.dat]) 1] 3 | M
File Yiew Help I iPchCacheFreeTndex = 0;
= = — by, "$glx", (unsicmed longiptHeepPRecquese)
call Depth| (1] - M | ( " ) | | || @§| % | Q || @ | Time in| us - [R'} rremt_processi(), "REQUEST_STREUCT", szTempScr);
=S R 1:
Call Stack Graph: potsTprintf (3) =~ |: Call Dep... ¥ |Function Name ¥
I_ 0 | Unknown function
_l 1 dbgprlnl‘f error handler {current ocessi), ptO0ldErrh, 10Z4); S
2 handler I
us B [z Bz B s STooEn s

Index = 20 Depth=2 |
|« Delta = 166, 125us ]

I144 Tunction events Flapsed = - 1004436 25usf Mmode II] --18

L -
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In Summary

+ Use CodeWarrior optimizations

* Tune your code with custom settings

* Help compiler to help you

* Use intrinsic functions

 Use Processor Expert production ready code
«  Utilize profiler tools

«  Utilize 3 party tools

L -
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