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Introduction

There are several ways to reduce the amount of flash
(ROM) used in a PSoC Designer project. This can
sometimes allow you to use a smaller PSoC device, which
reduces cost.

The ImageCraft compiler Standard version is included with
PSoC Designer. You can also buy the Pro version, which
offers more optimization, on the ImageCraft website. The
code snippets included in this application note can be
used with both compilers. The examples shown were
compiled with the Standard version; the additional
optimizations that can be obtained using the Pro version
are also covered.

To use the techniques explained in this document, you
should know how to develop and build PSoC Designer
projects and have a basic knowledge of C programming.
Refer to AN75320 to get started with PSoC 1.

While developing a PSoC Designer project, if you want to
find out how much ROM space it is using, look at the
Build tab in the Output status window, as shown in Figure
1. The code space used in this example is 543 bytes.
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Figure 1. PSoC Designer Build Message Showing ROM
and RAM Usage

Output

Shaowe autput fram: § Build v

::-’main.c
Linkin.g..

data durmp at output/Code0 ptimization_PSolC.idata

ROM 4% full. 543 out of 16384 bytes uzed [does not include absolute areas).
Fshd 1% full. 2 bytes uzed [does not include stack uzage).

Built with ICCMBC STD W7.05.00

Code0ptimization_PSoC - 0 enorfz) 0 waming(z) 10:19:05

Oukput

The following sections discuss project-level optimization
settings, followed by some coding guidelines.

Project-Level Optimization

Several PSoC Designer code optimization settings are
available at Project > Settings.

Setting 1: Relocatable Code Start Address

When a PSoC Designer project is built, the ImageCraft
compiler converts the C files into assembly files. The
assembler then converts them into relocatable object files.
Finally, the linker combines the relocatable object files to
produce the executable .hex file.

In addition to your code, the .hex file includes auto-
generated initialization code (boot code). This is followed
by a set of NOP instructions that act to reserve some flash
bytes for possible expansion of boot code. See Figure 2.
You can save flash by forcing your code to be located
immediately after the boot code.

Figure 2. Flash Map for PSoC Designer Project

Start
0x0000
BOOT
End ~
N(:)P
N(?P
Start '
PROGRAM
CODE
End

PSoC Designer lets you specify the start address of your
portion of the code by choosing Project > Settings. In the
window that pops up, select “Linker,” as shown in Figure
3.

Figure 3. Relocatable Start Code Address Selection

s Project Settings
Codellptimization_PSaC Selected C compiler: | IMAGECRAFT
= Build
Compiler Relocatable code start address: Ox | 130
Linker
Debugger Obiject/library modules:
Chip Editor
Additional library path:

The address you place in the text box is based on the size
of the boot code, which you can find in the map file (.mp),
as shown in Figure 4.

Figure 4. Map File in PSoC Designer

\Warkspace Explorer « I M
j YWorkzpace 'Code0ptimization_PSoC' [1 project]
—I-[-Z CodeOptimization_P5oC [CY8C28445-24PVXI]
= & Codelptimization_PSol [Chip]
=1\, Loadable Configurations
1 codeoptimization_pzoc - 0 User Modules
E Codelptimization_PSoC [Pinout]
=1\ Codelptimization_PSaC
=I-{Z Source Files
@ main. o

Z, boot.asm
+-[_1 HeaderFiles
+-J lib

@ flazhizecurity. bt
.= Output Files

=] CodeOptimization_PSaC.mp

ST T T aaeT

The map file shows the start and end addresses of
different areas of code, as shown in Figure 5. The boot
code is in area “TOP,” and your code is in area “lit.” You
can set the Relocatable code start address in Figure 3
to the end address of the “TOP” area to use the flash
space most efficiently. For example, the default setting is
0x190 (start of “lit" area). If you change it to 0x151 (end of
“TOP” area), you can gain 63 (0x190 — 0x151 = Ox3F)
more bytes in ROM.
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Figure 5. “lit” and “TOP” Area in .mp File

Project: output/CodeOptimization PSoC
Build Number: O

Date: Hon Mar 19 10:19:03 2012
Compiler: Iccmac
Version: 7.05.00
irea iddr  Size Decimal Bytes [Attributes)

Addr Global Symbol
0190 LoadConfigTEL_codeoptimization psoc_Bank0

01F3 LoadConfigTBL_codsoptimization psoc_Bankl

0z82 _ lit_end

irea Start  End Decimal Bytes (Attributes)

TOP 0000 | 0151 337. bytes (abs,ovr,rom, code)

Addr  Global Symbol
0080 _ Starc

014E _hGetPoverSetting
014E hGetPoverSetting

If the relocatable code start address is set to a value less
than the end of “TOP,” an error message is displayed. For
example, if the value is set to 0x150 and the boot code
ends at 0x151, then an error will be displayed, as Figure 6
shows.

Figure 6. Error When Relocatable Code Address Is Less
Than Boot Code Size

Qutput
‘Show autput fram: | Buld v/

Setting 2: Configuration Initialization

Another option for code optimization is controlling how
PSoC registers are initialized at startup. Register values
can be set using two methods: Loop or Direct write, as
shown in Figure 7. This option is available by choosing
Project > Settings and then selecting “Chip Editor” in the
window that appears.

With the Loop method, a table with register addresses
and values is created, and a function writes the values in
the table to the respective addresses. With the Direct
write method, register writes are done directly, with one
MOV instruction for each register.

The selected method is coded in the auto-generated file
PSOCConfigTBL.asm. The code for the two methods is
shown in Figure 8.

Figure 7. Configuration Initialization Selection

e Project Settings @
CodeOptimization_P5oC [ Lock device configuration Enable project update
@-Buld ] Enable interrupt f ol
Compiler nable interrupt generation control
Linker [] Enable configuiation name prepending far pin name
Debugger - o
EEET Configuration initialization type
(@) Loop [size efficient) (O Direct write (speed efficient)

Figure 8. Code Difference Between Loop and Direct Write

on_psoc BankD: | LnadCnnfigTRI_radenpr.imizatinn_penn:

La:
; JeLBaukd

i8h g
o reg[60h], 28k

db €6h, 00h

i) 630, 05h EOV Teg|bbh], UUL

db 65h, 00h mov reg63h], OSh

db céh, 00k mov Teg[65h], O0R

db e7h, 00h mov reglefh], OOh

ih dsh, Mih mov rege7h], O0h :

b Lk, 00k ; Fuw 0_Inpulk mov reg[dsh], 00n H v
Loop Direct Write

In Figure 8 you can see that for each register write, the
Direct write method uses one more byte (MOV reg[expr],
expr = 3 bytes) than the Loop method uses (addr, value =
2 bytes). But the Loop method also includes the table
read function, which uses 94 bytes. Therefore, if there are
more than 94 registers to be loaded (this is usually the
case in all but the simplest PSoC Designer projects), the
Loop selection uses less flash. The number of registers
initialized using the configuration table shown in Figure 8
depends on the number of resources (user modules) used
in the design. The greater the number, the more registers
will be initialized. So, if the design includes many user
modules to save flash and you are willing to sacrifice
some time at startup, use the Loop method. But if you do
not have many user modules in the design or desire a
faster device startup, select the Direct write method.
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Setting 3: Sublimation and Condensation

Sublimation and condensation are compression
techniques provided by the ImageCraft Standard version.
These can be set by choosing Project > Settings and
then selecting “Compiler” in the pop-up window, as shown
in Figure 9.

Figure 9. Sublimation and Condensation Selection
ﬁ— Project Settings

CodeOptimization_P5aC
= Build
Compiler
Lirker
Debugger
Chip Editer

Select C compiler: | IMAGECRAFT w

Macro defines

Macio undefines:

[] Dptimize math functions for speed  [¥] Enable MAC

Enable paging Stack page: Page 3

Stack page offset: |0

Code Compression T echnologies
[[] Condensation [duplicate code]

[ Sublimation [sfiminate unused user maduls AP1s]

() Tieatconstas AOM (O Treat const as RaM

Sublimation

When you select the Sublimation option, the compiler
deletes the unused functions in the user module APIs
(interface code), which saves space.

For example, you can place a PGA and a PWM user
module in a project and call only the “Start” function for
both user modules. As shown in Figure 10 and Figure 11,
you can save 142 bytes of flash by eliminating the other
unused functions in those user module APIs.

Figure 10. ROM Usage Without Sublimation

e S oo

Amain.

Linking..

LM info: area "virtual_reqisters’ uses 2 bytes in SRAM page 0

dafa dump at oufput/Codelphrizabion_F-ol.idata
ROM B% full. 754 out of 16384 bytes uzed [does not include abzolute areas).
Fiab 1% full. 2 bytes used [does not include stack usage).

=10 (L0811 ) e S e

Figure 11. ROM Usage with Sublimation

Output
Show output from: | Build b |

/main.c

Linking..

LMM info: area ‘virtual_registers' uses 2 bytes in SRAM page 0

symbol PGA_EnableAGNDB uffer is unused

symbol PwM_Stop is unused

symbol PAw/M_Disablelnt is unused

symbol PwWh_wReadPulseWidth is unused

symbol PGA_DisableAGNDBuffer is unused

symbol Pw/M_WritePulsewidth is unused

symbol PwM_WiitePeriod is unused

symbol PGA_SetGain is unused

symbol PAwM_wReadCounter is unused

symbol PWH_E nablelnt is unused

symbol PGA_Stop is unused

142 bytes unused code deleted _

Tty G oottt

ROM 4% full. 613 out of 16384 bytes used [does not include absolute areas).
RaM 1% full. 2 bytes used (does not include stack usage)
ICWIITTLLMoL OTD RueaLL

Output

If all functions in all user module APIs are used in a
project, then a “no dead symbol found” message is
displayed, as Figure 12 shows.

Figure 12. Sublimation with “no dead symbol found”
Message

Output @
Show output from: [Build v]
iofp. area i istersees in SRAM page 0

=) =T 0] ] o= 0 ] Of_r ooL..idata

ROM 4% full. 578 out of 16384 bytes used (does not include absolute areas).
RAM 1% full. 2 bytes used (does not include stack usage).

Built with ICCMBC STD V7.05.00

m

CodeOptimization_P SaC - 0 emon(s) 0 wamingis) 13:40:13

Condensation

When you select the Condensation option, a function is
formed for segments of code that are repeated in a
project, and each instance of that code is replaced with a
function call. In the simple example shown in Code 1, the
same code is repeated three times in various locations of
the project. When condensation is enabled, a single
instance of the code is converted into a function, and
wherever the instance occurs, it is replaced by a function
call to that function, as shown in Figure 13. All such
created functions/procedures are placed at the end of the
code and below the label “<created procedures>,” as
shown in Figure 13. As you can see, the created
procedure for Code 1 starts at the label “<created
procedures>"; therefore, wherever the instance is used, it
is replaced with a call to the label “<created procedures>.”
The functions at location “0520" and “052B” below
“<created procedures>" are other duplicate codes in the
project that are converted to callable functions.

Code 1

/* Instance one */
shadowRegs[PORT_2] |= 0x01;
PRT2DR = shadowRegs[PORT_2];

/* Instance two */
shadowRegs[PORT_2] |= 0xO01;
PRT2DR = shadowRegs[PORT_2];

/* Instance three */
shadowRegs[PORT_2] |= 0xO01;
PRT2DR = shadowRegs[PORT_2];
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Figure 13. Condensation for Code 1 in .Ist File

1984 : cz |CLLL <ecreated procedures: |
1985

1986 |

1987 |

1988

1989 |

2050 H |CALL <created procedures>|
z051; I

z0521 I

z054; | SRR = .

2055 ) PRT2DR = shadowRegs[PORT 2]:

=140 I 1 shadowRegs[FURT 21 |= ;

2141 H oo BEEGL 1

2142 : rﬁfl‘ <created procedures: I
21431 | I PRTZDE = shadowWRegs [FORT 21 :

2215 <created proceduress:

2219 : ZE OF [2hadowReg=s+-2] ,
2220 : Mo A, [shadowRegs+2]
2221 : NOV  REG[ 1,4

ZZZE : 7F RET

2223 : od MoV REG[ 1.

Zz224 H FE AND [shadowRegs+:] ,
2225 H Mo A, [shadowReg=+2]
2226 : MoV REG[ 1,4

ZZET : 7F RET

ZZZ8 H OR F,

2229 : OR REG[ 1.

2230 : FE AND REG[ 1.

2231 H CF LN F,

ARRR = IF RET

With the Condensation option, you can save a
considerable amount of ROM space, as Figure 17 shows.
To apply condensation to the code, the code in the “text”
area (located in the .mp file, as shown in Figure 14) should
be more than 256 bytes. If the “text” area is less than 256
bytes, the message “program code in ‘text’ area too small
for worthwhile code compression” is displayed (Figure 15).
If no instances of duplicate code are found for
condensation, the message “no worthwhile duplicate
found” is displayed (Figure 16).

Note The information displayed in Figure 15, Figure 16,
and Figure 17 is for different codes to emulate different
scenarios during code condensation.

Figure 14. “text” Area in .mp File

a0
81 Area iddr  Size |Decimal Bytes|[Attributes)

B8z —_—— -— -

83 text 0445 0143 = 323. bytes|(rel,con,rom,code)
54

85 Addr Global Symbol

a8 -

87 0445 _ text_start

38 0445 _main

EEl 0588 _ xidata_start

S0 0559 <ereated proceduress

91 0585 _ text_end

9z 0S6E _ xidata_end

93

Figure 15. Condensation When “text” Area Is Less Than
256 Bytes

Cukpuk

Show output from: | Biyild ™

Starting MAKE...

creating project.mk -- no changes

Amain.c

Linkin.g.. ] ] ]

- A L[| | B o e Tte T 1 L pag e =

brogram code in 'text’ area too .SI'I.'IEI” .ftll wolthwhile code compression
ROM E’/:full. 855 out of 1E§84 bytes used [dﬁes not include absolute areas).
Rak 1% full. 2 bytes used [dogs nat include stack usage).

Builk with ICCMBC STD WY .05.00

Figure 16. Condensation When No Duplicate Code
Is Found

Cukpuk
Show output from: | Build ™

Starting MAKE. ..

creating project.mk - no changes

Amain.c

Linking..

I U 1=n frers—remt butes in SRAM page 0

na warthwhile duplicate faund

b wrreeren_F'SoC.idata
RO 72 full. 1055 out of 16384 bytes used [does not include absolute areas).
Fab 1% full. 2 bytes used [doss not include stack uzage).

Built with I[CCMEC STD w7.05.00

Figure 17. Condensation on Code 1 (Code 1 is part of a
bigger project whose text area is more than 256 bytes.)

Qukput

Show output from: | Bild M

Starting MAKE...

creating project. mk. - no changes

Amain.c

Linking..

LM info: area 'data’ item of 5 bytes allocated in SRAM page O
=TT TN, POy TR AL = lLL AR i)

374 bytes before Code_Complession, 323 after. 12% reduction.

ROM 7% full. 1083 out of 16384 bytes used [;:Ioes not include absolute areaz).
Rabd 2% full. 9 bytes uzed [does not include stack usage].
Built with ICCMEC STD W7.05.00

Note Though condensation reduces ROM space
considerably, it replaces duplicate codes with function
calls, thus adding delay to the program execution.
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Setting 4: Treat const as ROM Versus Treat
const as RAM

This option (see Figure 9) reduces RAM use by leaving
constants in flash (ROM); it does not significantly reduce
flash use. Use the Treat const as ROM option for most
projects. The Treat const as RAM option is mainly used
for backward compatibility with previous versions of the
ImageCraft compiler.

ImageCraft Pro Compiler Options

In addition to the optimization options that the ImageCraft
Standard compiler offers, ImageCraft Pro includes a few
other options, as Figure 18 shows.

Figure 18. ImageCraft Pro Compiler Options
‘;’} Project Settings E]

CodeDptimization_PSoC
= Build

Campiler Macio defines:

Linker

Debugger

Chip Editor

Select C compiler: | ImageCraftPra w

Macio undefines:

Enable paging Stack page: Page 3
Stack page offset: O

[[] Dptimize math furctions for speed Enable MAC

[] Eliminate unuged user module APls Enable code compression

(3) Treat const as ROM () Treat oonst as RaM
PRO compiler options:
Enable PRO [] Optimize for speed
Eliminate wser unused functions

The Sublimation and Condensation options offered in
ImageCraft Standard are the same as the Eliminate
unused wuser module APIs and Enable code
compression options in ImageCraft Pro respectively.

ImageCraft Pro also offers an option to Eliminate user
unused functions, which is very useful when your project
is huge and user unused functions are difficult to spot. A
simple scenario would be a project revision; unused APIs
tend to remain in the code, consuming ROM space. When
this option is enabled, the compiler will make sure that
unused APIs are not placed in the code and the ROM
space is available for other uses.

One more option available in ImageCraft Pro is Optimize
for speed. When this option is enabled, the code is
compiled for faster execution. ROM usage may increase
or decrease, depending on where optimization has been
applied. For instance, smaller loops in code are expanded
to sequential instructions, increasing ROM usage.
Redundant assignments or move operations are removed,
reducing ROM usage.

Tips and Guidelines

Several coding techniques can make your firmware more
efficient. These methods work with PSoC Designer
projects and PSoC 1, and they can be applied to similar
8-bit processors, IDEs, and compilers, such as PSoC 3
and PSoC Creator™.

Guideline 1. Avoiding Function Calls in
Interrupt Service Routines

When compiling C code for an interrupt service routine
(ISR), the ImageCraft compiler pushes onto the stack all of
the virtual registers (registers used by the compiler to
store temporary values) that will be used by the ISR. If the
ISR code includes a function call, the compiler cannot tell
which registers will be modified by the called function, The
ImageCraft C compiler uses up to 15 virtual registers to
store temporary data on the stack.

In PSoC chips with RAM greater than 256 bytes, 4 page
pointers are also stored and restored along with the
15 virtual registers. The example in Code 2 does not
require any virtual registers to be saved by the compiler
(Figure 19). The same functionality, when implemented
using a function call, as shown in Code 3, uses an
additional 15 virtual registers, as shown in Figure 20. Each
register requires the following additional overhead code:
MOV [2 bytes] + PUSH [1 byte] + POP [1 byte] + MOV
[2 bytes] for a total of 6 bytes per register. Code 3 uses an
additional 90 bytes and involves a delayed or longer ISR
execution because of the many MOV/PUSH instructions.

Code 2
BYTE bVaril;

#pragma interrupt_handler
SleepTimerHandler;

void SleepTimerHandler(void)

bvarl = 1;

WWW.Cypress.com
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Figure 19. Code Generated for ISR Without Function Call
(Code 2)

Figure 20. Code Generated for ISR with Function Call
(Code 3)

958 [ ) #pracma interrupt_handler ZleepTimerHandler;
Q59 ( ] 990 _cleengmerHandler:
se0l | } wvoid $leepTimerHandler (void) J91 : PUSH &
ELNS 1A 99z : MoV A, [ rO]
Q52 SleepTimerHandler: 993 i PUSH 2
aes T . ps o F, o94 : mov &, [ ri]
cea : FUSH i 395 : FUSH &
955 : 5D DO MOV &, REG[ ] 296 : mov A [ rz]
966 : PUSH 4 297 : PUSH A
a6 ] pari = 1 EEE] : MOV &, [ r3]
. EEL] : PUSH &
968 : oo MOV REG[ 1, 1000 : nov A0 4]
269 : MmOV [bVari], 1001 : PUSH 4
2a E FOP 4 1002 ; MOV &, [ 5]
971 : oo MOV REG[ 1,4 Looa ; PUSH 1
272 : FOP & 1004 : MOV A, [ r6]
o973 : 7E RETI Lons ; PUSH &
274 Il 1006 : MoV R, [ r7]
1007 : PUSH &
Code 3 1008 : mov A, [ ra]
10039 : PUSH &
BYTE bvarl; igif : EE‘;H i ——_
void TestFunc() 1012 : mov A, [_ rio]
1013 : FUSH &
bvarl = 1: 1014 : MoV A, [ ri1i]
1015 : PUSH &
} 10186 : MOV A, [ rE]
1017 : PUSH &
#pragma interrupt_handler 1312 : gE‘S’H i [
SleepTimerHandler; 1non : Wov & [_rz]
1021 : FUSH &
void SleepTimerHandler(void) 12z ) TestFunc () ;
1023 : 9F CC CALL TEEtFunc _ text_start|_ TestFunec
1024 : FOP &
TestFuncQ); 1025 : MoV [_rZl,k
} 1026 : FOF &
1027 : MoV [ rY],A
1028 : FOP L
1023 : mov [ rXEl,A
1030 : POP &
1031 : mov [ rii], A
1032 : FOP &
1033 : mov [ rino], A
1034 : FOP &
1035 : MoV [ r9],d
1036 : FOP &
1037 : mov [ 8], A
1038 : POP &
10339 : mov [ x71,4
1040 : POP &
1041 : Mmov [ rél, i
1042 : FOP &
1043 : MOV [ r5],A
1044 : FOP &
1045 : nov [ r4],A
1046 : FOP L
1047 : mov [ r3l, i
1048 : POP &
1049 : mov [ r2l,i
1050 : FOP &
1051 : oW [ ril,d
1052 : FOP &
1053 : oW [ r0],d
1054 : FOP L
1055 : 7E RETI
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Guideline 2: Limiting Math Functions

In many cases, a C compiler implements simple math
calculations with inline assembler code. However, for
complex calculations, the compiler may instead add one or
more math library functions to your code. This may not be
immediately obvious. Depending on the operation and
variable type, even a simple C operator such as “+,” “-”
LT R0,” “>" and “<” may require a library function to
implement.

Although they are very efficient and useful, library
functions can occupy a lot of code space, which you may
not anticipate. In many cases, you can avoid overusing
library functions by carefully managing the data types and
operations in your code.

When a program uses integer arithmetic, math library
functions are added, depending on the size and type of
the variables used (8-, 16- or 32-hit; signed or unsigned).
Details about the byte usage of different functions are
located in the Libraries User Guide at Help >
Documentation > Designer Specific Documents.

The base arithmetic functions (that is, functions that are
always used) include integer addition, subtraction, and
shift. When other operations, such as multiplication, are
used, code for those operations is also included.

Shift and Add Instead of Multiply or Divide

Tricks like bit shift and add, instead of a multiply or divide
for unsigned integers, save code space. In unsigned
integers, a single bitwise shift right is equivalent to division
by 2, and shift left is equivalent to multiplication by 2. By
using shift and add, as shown in the Code 5, you can
avoid including multiplication and division library functions.

In the following two snippets of code, which give the same
result, the Code 4 implementation uses 55 bytes more
than Code 5, as shown in Figure 21 and Figure 22. This
difference is due to the addition of a “__mul16” function
to the code.

Code 4
unsigned iInt iTestl, iTest2;
void main(void)

iTestl = iTest2 *3;

Figure 21. ROM Usage for Code 4

Cukput
Show output from:

Starting MAKE...

creating project.mk - no changes

fmain.c

Linking..

LM info: area 'virtual_registers’ uzes 4 butes in SRAM page 0
LiM info: area 'data’ iem of 2 bytes allocated in SHAM page 0
Lk info: area 'data’ item of 2 bytes allocated in SRAM page O

idata dump at output/Codelptimization_PS ol idata
RO 5% full. 680 out of 16384 bytes uzed [does not include absolute areas).
Reskd 27 full. 8 bytes uzed [does not include stack uzage).

Built with ICCMEC 5TD 47.05.00

Code 5
unsigned iInt iTestl, iTest2;
void main(void)

iTestl = (iTest2 << 1) + iTest2;
}

Figure 22. ROM Usage for Code 5

Oukpuk
Show output fram:

Starting MAKE...

creating project.mk - no changes

_Amain.c

Linking..

LM info: area ‘data’ item of 2 bytes allocated in SRAM page 0

LkAb info: area ‘data’ item of 2 bytes dlocated in SRAM page O

LM info: area “itual_registers' uses 2 bytes in SRAM page 0
program code in 'text’ area too small for worthwhile code compression

e e v =
ROM 4% full. B25 out of 16384 bytes used [does not include absolute areas).
Fatd 1% full. B bytes uzed [does not include stack usage).

Bt with TCCMBL 5 10 w7 e 00

Avoid Power Functions

Power functions also add math library functions. Power
operations can be reduced to multiply or divide operations,
for example, 4% = 4 x 4. As explained in the previous
section, a multiply or divide can then be implemented
using shift and add. Thus, you can save code space in
programs that have limited power functions by reducing
the implementation to shift and add where possible.

Avoid Floating-Point Math

Floating-point math with 8-bit processors almost always
requires library functions. In addition to the function for the
basic math operation, utility functions for rounding,
normalization, and checking special conditions may also
be added to the code. Refer to the Arithmetic Libraries
User Guide for more information about floating-point
libraries. To give you an estimate, the code space required
for the floating-point functions follows (also available in the
Arithmetic Libraries User Guide).

Comparison (*_fpcmp) = 109-125 bytes
Addition (*_fpadd) = 461-478 bytes
Subtraction (*_fpsub) = 468-485 bytes
Multiplication (*_fpmul) = 406558 bytes
Division (*_fpdiv) = 432—-449 bytes

WWW.Cypress.com
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The floating-point math functions use the integer math
libraries as the base. This means that the integer math
libraries are also required when using floating-point math.
Instead of using floating-point math, the variables can be
scaled to use integer math directly in cases where the
range of the variable is known.

For example, in the following two pieces of code, the
range of the variable is known to be two digits after the
decimal. Thus, if you multiply all of the floating-point
numbers by 100, you can use integer math instead of
floating-point math. In the example, the integer-math
method in Code 7 uses 761 bytes less than the floating-
point equivalent in Code 6, as shown in Figure 23 and
Figure 24.

Code 6

int iTest2, iTest3;
float fTestl;
void main(void)

{
fTestl = 1Test2 * ;
if(fTestl > )
iTest3 = 7;
3
else
iTest3 = 1;
3
¥

Figure 23. ROM Usage for Code 6

2ukpuk

Show output from: | §
s
lib/pwurnint. azrm
./boot. asm

/main.c

Linking..

Lk info: area “wirtual_registers’ uses 7 bytes in SRAM page 0
Lkdb info: area 'data’ item of 4 butes allocated in SRAM page 0
Lk info: area 'data’ item of 2 bytes allocated in SRAM page 0
M info:_area ‘data’ item of 1 butes allocated in SRAM page 0
lata dump at output/Lodel)phimizabion_FSol.data

RO 10% full. 1480 out of 16384 butes uzed [does not include absolute areas).
Rt 2% full. 14 bytes used [does not include stack uzage].

Puilt with ICCMEE STD Y7.05.00

Figure 24. ROM Usage for Code 7

Cutpuk

Show output from: | Biyild £z

Starting MAKE. ..

creating project.mk - no changes

Amain.c

Linking..

LMM info: area “wirtual_registers' uses 4 butes in SRAM page 0
LkM info: area 'data’ item of 2 bytes allocated in SRAM page 0
Lk info: area 'data’ item of 2 bytes allocated in SRAM page 0
LMM info: area 'data’ item of 2 bytes allocated in SRAM page 0
m-ICII.CI AT Ol AL A L U U= e i Qg

RO 5% full. 713 out of 16384 bytes used [does not include absolute areas].
Rab 2% full. 10 bytes used [does not include stack uzage].
BTl Win TCCMEC o 10 v 7 00,00

Use a Lookup Table Instead of Calculation

Sometimes it may be more efficient to use a lookup table
(LUT) instead of doing calculations. There are multiple
tradeoffs, such as speed, accuracy, and code space. The
choice is based on the type of application.

For example, the project given in AN2017 — PSoC 1
Temperature Measurement with Thermistor offers an
option for the floating-point and LUT method
implementation. The use of a LUT in place of floating-point
math in this project saves 4187 bytes of memory (3779
bytes for the lookup table and 7966 bytes for the floating-
point equation), but accuracy is the tradeoff.

Maintain Consistency in Data Type

When choosing a data type for a variable, choose the
smallest data type required for the function. For example,
choose BYTE instead of int if the maximum value of the
variable is not greater than 256. Similarly, choose
unsigned variables instead of signed variables, as
applicable. For example, consider Code 4 if the variables
“iTestl” and “iTest2” do not exceed 255 in the program.
Then you can declare them as “unsigned char” instead of
“unsigned int,” as shown in Code 8. The ROM usage is
shown in Figure 25. Code 8 consumes 84 bytes less than
Code 4.

Code 8

unsigned char cTestl, cTest2;
void main(void)

Code 7 {
) ) ) ) cTestl = cTest2 *3;
int iTestl, iTest2, i1Test3; 3}
void main(void)
{
iTestl = iTest2 * ;
if(iTestl > )
{
iTest3 = 2;
}
else
{
iTest3 = 1;
}
}
WWW.CYpress.com Document No. 001-60486 Rev. *E 9
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) Code 9
Figure 25. ROM Usage for Code 8
typedef struct

Oukput {

Show output from: | Build v int iData;
Statting MAKE... BYTE bData;
creating project.mk - no changes }sData;

Amain.c

Linking..

LAt info: area “virtual_reqgisters’ uses 2 bytes in SRAM page 0 typedef struct

LAt info: area 'data’ item of 1 bytes allocated in SRA&M page 0

LMM info: area 'data’ itemn of 1 bytes allocated in SRAM page 0 sbata myArray[10];
program code in 'text’ area too emall for worthwehile code compression }sArra .
T [=|{=u|F ]} Sir-QEIrL}rr I_aUI_IUI_I'JI.;III; ClliUI r -JUI_;.;LICII.CI y 4

ROM 4% full. 596 out of 16384 bytes used [does not include absolute areas)

FAM 1% full. 4 bytes used [does not include stack usage]. sArray myTest;

= e e e

sData* myPtr;

When you know the positive and negative range of a void main(void)

signed variable, you can offset the variable to bring it to {

positive values and thus use unsigned math functions. myPtr = myTest.myArray;
Similarly, if the variable is expected to have a value myPtr->iData = ;
between —10 and +10, offset the variable by 10, so that ¥

the code 0 corresponds to —10, and 20 corresponds to

+10.
Figure 26. ROM Usage for Code 9
Maintain consistency in the data type used, because

typecasting is expensive in terms of code space. If you Qukput
absolutely need to use typecasting in the program, Shaow output friom: | Eitiid { e
typecast the variables to use the same math libraries to Starting MAKE...
save code space for the math libraries. ?eatlng project mk - no changes
SMman.c
. . . . Linking..
Guideline 3: Using Array Indexing Versus LMM irfi: area ‘data’ item of 30 bytes allocated in SRAM page 0
Po | nter LMM info: area 'data’ item of 2 bytes allocated in SRAM page 0
| Mt info area “virtual registers' uses £ bytes in SRAM page O
i i ; data dump at output/Codellphirnization_FSolidata
In the array |ndeX|ng r.nethOd’ . ImageCraft dlreqtly ROM 4% full, 612 out of 16384 bytes uged [does not include absolute areas),
gccesses each address using the |nd_ex. No computation Rihd 5% full. 34 bptes used [does not include stack uzage].
is needed because the address remains constant. In the B uilt with ICCMEC STD W7.05.00
case of pointer accessing, each access is based on the
pointer, which is a variable. Thus, the compiler must Code 10

perform more computation to get the address.
typedef struct

When the access method is used repeatedly, the

difference in the type of access leads to a significant int iData;
variation in memory use. BYTE bData;
}sData;

For example, consider the following two code examples.
Code 9 uses 25 bytes more than Code 10, as shown in
Figure 26 and Figure 27. So a careful observation of the
type of access method used (array indexing versus

typedef struct

sData myArray[10];

pointer) is important for code optimization. There are }sArray;
numerous variations in the type of access and variable

types. The key is to make sure the address is a constant, sArray myTest;
in which case the compiler directly replaces the address. sData* myPtr;
When the address must be calculated during run time, the

compiler uses more code space. In general, the *->" void main(void)
operator is expensive in terms of code space. {

myTest.myArray[1].iData =
}

WWW.CYpress.com Document No. 001-60486 Rev. *E 10
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Figure 27. ROM Usage for Code 10

Oukpuk

Show output from: | Bild hd

Starting MAKE...

craating project.nk -- no changes

.fmain.c

Linking..

LMM info: area 'data’ itern of 30 bytes allocated in SRAM page 0
LM info: area 'data’ item of 2 bytes allocated in SRAM page 0
LI info: area “wirtual registers' uzes 2 butes in SRAM page 0
data durmp at output/ Codel] ptirmization_F5 ol idata

ROM 4% full. 587 out of 16384 bytes used [does not include absolute areas].
Fabd 5% full. 34 bytes used [does naot include stack usage).
Bivilt witt ICCREC ST 70500

Guideline 4: Using Switch Statement Versus
If-Else Statement

For case decisions, you can use either a switch statement
or an if-else statement. The difference between the two is
that the switch statement always does a 16-bit
comparison, whereas the if-else statement bases its
comparison on the variable type. In the case of a single-
byte variable (BYTE), the ImageCraft compiler produces
more efficient code using an if-else construct compared to
a switch construct. This is because an 8-bit comparison
needs less code space than a 16-bit comparison.

The switch statement uses 9 additional bytes, plus 5 bytes
for each case. For example, a four-case switch statement
with a default clause, as shown in Code 11, uses (9 + 4 x
4) = 25 more bytes than the equivalent
Code 12, as shown in Figure 28 and Figure 29.

Code 11

BYTE bTestl, bTest2;
void main(void)

switch(bTestl)
{

case “:

bTest2 = 1;
break;

}

case -:

bTest2 = 2;
break;

}

case -~:

bTest2 = 2;
break;

¥
default:

bTest2 = 4;

Figure 28. ROM Usage for Code 11

Cukput
Show output fram: | Build HEYS

Starting MAKE...
creating project.mk - no changes
Amain.c
Linking..
LM info: area 'virtual_registers' uzes 2 bytes in SRAM page 0
LMM info: area 'data’ item of 1 butes allocated in SRAM page 0
MM info: area 'data’ item of 1 bytes allocated in SRAM page O
o e e e AT e
ROM 5% full. B57 out of 16384 bytes uzed [does nat include absolute areas).
Rk 1% full. 4 bytes used [does naot include stack usage].
BT Wl TCCMeE o 10 w7 0o o0

Code 12

BYTE bTestl, bTest2;
void main(void)

{
if(bTestl == 4)
bTest2=1;
}
else if(bTestl == 3)
bTest2 =
}
else if(bTestl ==2)
bTest2 =
}
else
bTest2=4;
}
}

Figure 29. ROM Usage for Code 12

Cutput
Show output from:  |[Bild v

Starting MaKE...
creating project. mk. - no changes
Amain.c
Linking..
Lk info: area "ittual_registers' uses 2 bytes in SRAM page O
LM info: area 'data’ item of 1 bytes allocated in SRAM page 0
LMM info: area 'data’ item of 1 bytes allocated in SRAM page 0
idats ducan ab ot e Nokicsiz oo, BC o™ id ot
ROM 4% full, 632 out of 16384 butes uzed [does nat include abzolute areas).
Rat 1% full. 4 bytes used [does not include stack uzage].
Bk with ICCRMEBC 5TD WY .05.00

When the case decision is for a 2-byte variable (WORD),
the resulting code size is nearly identical for either
implementation.

WWW.Cypress.com
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Guideline 5: Writing Part of Code in
Assembler

Writing a program in assembler avoids compiler
interpretations and allows complete user optimization.
Though writing an entire program in assembler is tedious
and cumbersome, converting only part of the code to
assembly language can optimize the code size and
performance. Consider Code 11 with assignment to the
“bTest2” variable in assembly, as Code 13 shows. Code
13 consumes 12 bytes less than Code 11, as Figure 30
shows.

Code 13

BYTE bTestl, bTest2;
void main(void)

{
switch(bTestl)

{

case

asm("'MOV [_bTest2], 0x1™);
break;

}

case

asm('MOV [ _bTest2], 0x2");
break;

}

case

asm("'MOV [ _bTest2], 0x3'");
break;

¥
default:

{
}

asm('MOV [_bTest2], 0x4');

}

Figure 30. ROM Usage for Code 13

Cubpuk
Show autput from:

Starting MAKE...
creating project.mk. - no changes
Amain.c
Linking..
LkiM info: area virtual_registers’ uses 2 bytes in SRAM page 0
Lk info: area 'data’ item of 1 bytes allocated in SRk page 0
Lk info: area 'data’ item of 1 bytes allocated in SRk page 0
et e S e St S
RO 4% full. 645 out of 16384 bytes used [does not include absolute areas).
Rak 1% full. 4 bytes used [does not include stack usage].
B uilt with ICCMBC 5TD W7.05.00

Guideline 6: Manipulating Bits in PSoC 1

No data type is defined for “bit” variables in PSoC 1. To
manipulate bit/bits of a variable, a mask can be used with
logical operators or by direct assignment to the variable.
The mask can be a constant based on the manipulation
requirement. Code 14 and Code 15 show how to
manipulate bits in a variable.

Code 14

BYTE bTestl, bTest2, bTest3;

void main(void)

{
/* To set first, sixth and eighth bit
of the variable */
bTestl = (0OxAl);

/* To clear the second and the
seventh bits the variable */
bTest2 = bTest2 & (OxBD);

/* To invert the second, fifth and
eighth bits in the variable */
bTest3 = bTest3 ™ (0x92);

}

If a variable has more than one bit definition and one or
more bits must be manipulated without affecting other bits
in the variable, then use the logical operators to
manipulate the bits. These operations use XOR, AND, and
OR instructions. The corresponding .asm code for Code
14 is generated in the <projectname>.Ist file (Workspace
> QOutput Files) as follows.

/* To set first, sixth and eighth bit
of the variable */

bTestl = bTestl | (0xAl);
__text_start]_main]_main:

62 DO 00 MOV  REG[0OxDO],0x0

2E 03 Al OR [bTestl],0xAl

/* To clear the second and the
seventh bits the variable */
bTest2 = bTest2 & (OxBD);

62 DO 00 MoV REG[0xDO] ,0x0
26 02 BD AND [bTest2],0xBD

/* To invert the second, fifth and
eighth bits in the variable */
bTest3 = bTest3 ™ (0x92);

62 DO 00 MoV REG[0xD0] , 0x0

51 04 MOV A, [bTest3]

31 92 XOR A,0x92

53 04 MOV [bTest3],A

address: 8F FF JIMP address
WWW.CYpress.com Document No. 001-60486 Rev. *E 12
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Note The instruction MOV REG[OxDO],0x0 sets the
RAM  page number of the global variable
“bTestl/bTest2/bTest3.”

If the size of a variable is a single bit or if all the bits
defined in the variable are being assigned/manipulated
simultaneously, then use direct assignment to manipulate
them, as shown in Code 15. This uses the MOV
instruction, which is one cycle faster than the XOR, AND,
and OR instructions.

Note To find out how many cycles an instruction takes to
execute, refer to the Assembly Language User Guide,
Appendix A5, ‘“Instruction Set Summary,” in PSoC
Designer at Help > Documentation > Compiler and
Programming Documents.

Code 15

BYTE bTestl, bTest2;
void main(void)

/* To clear the fTirst and the second
bits and set the third bit of a three
bits variable */

bTestl = 0x04;

/* To iInvert the variable */
bTest2 = ~ (bTest2);

}

The corresponding .asm code follows:

BYTE bTestl, bTest2;

void main(void)

{
/* To clear the first and the second
bits and set the third bit of a three
bits variable */
bTestl = 0x04;
__text_start]_main]_main:

62 DO 00 MOV REG[0xD0] ,0x0
55 02 04 MoV [bTestl],0x4
/* To invert the variable */
bTest2 = ~ (bTest2);

62 DO 00 MOV REG[0xD0] ,0x0
51 03 MOV A, [bTest2]

73 CPL A

53 03 MOV [bTest2],A

address: 8F FF JMP address

Note Instruction MOV REG[O0xDO],0x0 sets the RAM
page number of the variable “bTest1/bTest2.”

Guideline 7: Calculating C Code Flash
Usage and Execution Time

When code memory usage and program execution time
are a concern, knowing the flash usage of a function or a
piece of code and its execution time can be useful in
manually optimizing the code.

To find out the code size of a function, refer to the
<projectname>.mp file in Workspace > Output Files. The
.mp file provides details on code memory usage by code
areas and the functions/constants defined in the areas. It
also provides details on RAM usage by RAM areas and
the address of global variables defined in those areas, as
shown in Figure 31.

Figure 31. Address and Memory Details in .mp File

Area r ze C: ytes (Attributes

Starting address of code
Name of memory area 4= texc | 0317 J§ 0049 = 73. bytes (rel,con,rom,code)

Addr Global Symbol

Size of code memory used by code area

0317 _ text_start

0317 _main

034E _functionl Functions used in code
0357 _function2

0360 xidata_start

0360 __text_end
0367 __ xidata_end

Area Start End Decimal Bytes (Attributes)

TOP 0000 015A = 346. bytes (abs,ovr,rom,code)

Addr Global Symbol
0068 __ Starc

0159 _bGetPowerSetting
0159 bGetPowerSetting

Area Addr Size Decimal Bytes (Attributes)

virtual regiscers 0002 0002 = 2. bytes (rel,con,ram)

Rddr Global Symbol

0002 _ r1
0003 _ xo0

Area Addr Size Decimal Bytes (Attributes)

data 0000 0002 = 2. bytes (rel,con,ram)

Addr Global Symbol

0000 data start

0000  bTest Global variable used in code

Note Refer to the C Language Compiler User Guide,
section 6.9, and the Assembly language User Guide,
section 5.1, for details on the code/RAM areas.

To find out the code size of a function, search for the
function name in the .mp file. If you have not placed the
function in a custom area, by default all the user-defined
functions are placed in the “text” code area (Figure 32).
Figure 32 shows the start addresses of “main,” “functionl,”
and “function2” defined in Code 16. To find out the code
size of “main,” subtract the address of the following
function (“functionl” in this case) from the address of
“main.” The size of “main” is 55 bytes (0x034E — 0x0317
0x0037), “functionl” is 9 bytes (0x0357 — Ox034E
0x0009) and “function2” is 9 bytes (0x0360 — 0x0357
0x0009).

WWW.Cypress.com
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Code 16
int bTest;
void main(void)
{
bTest = ++bTest:
}
void functionl(int a)
{ a++;
return;
}
void function2(int b)
{ b--;
return;
}

Figure 32. Flash Calculation Using .mp File

Area Addr Size

text 0317 0049

0317 text start
0317 _main

034E _functionl
0357 _function2
0360 xidata start
0360 _ text end)|
03€¢7 _ xidata end

To calculate the code execution time, you need to know
the execution time of individual instructions. To find out the
execution time of individual instructions, refer to the
Assembly Language User Guide, Appendix A5,
“Instruction Set Summary,” in PSoC Designer at Help >
Documentation > Compiler and Programming
Documents. The “CPU clock cycles” column of the table
provides the number of CPU clocks required to execute
the instruction. Multiply that value with the CPU clock
period to find out the execution period of an instruction.
The following examples illustrate the calculation of
execution time with different codes.

Example 1: Take an empty “while (1)” loop as follows.

void main(void)

{

while (1)
i
}

}

The corresponding .asm code for the empty “while (1)”
loop generated in the <projectname>.Ist file follows.

while (1)

}

address: 8X XX IMP address

The JMP instruction takes five CPU cycles for execution. If
the CPU clock is 24 MHz, then the execution of the JMP
instruction takes:

5xius=aw8m

At this rate, the CPU executes approximately one (JMP)
instruction per 0.208 pS = (1/0.208) = 4.8 million
instructions per second.

Example 2:
Consider an example for simple addition as follows.

void main(void)

{
BYTE bTestl, bTest2;

while(1)

bTestl = bTestl + bTest2;
b
b

The corresponding .asm code follows.

BYTE bTestl, bTest2;
while(1)

{
bTestl = bTestl + bTest2;

addressl: 52 01 MOV A, [X+1]

address2: 05 00 ADD [X+0],A
¥

address3: 8X XX JIMP addressl

The execution of the previous code takes a total of 6
(MOV) + 8 (ADD) + 5 (JMP) = 19 clock cycles. This is on
average 19/3 = 6.33 cycles per instruction. If the CPU
clock is 24 MHz, then the execution of the entire code
takes:

— 2 $=0.792 us

24,000,000

At this rate, the CPU executes one instruction per 0.792/3
= 0.264 uS or (1/0.264) = 3.79 million instructions per
second.
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Conclusion

These guidelines can help you optimize your code. Some
of them are specific to the ImageCraft compiler, and some
are general. Following these suggestions during and after
firmware development helps optimize the code space. All
the code snippets and snapshots have been tested and
captured for the CY8C28xxx device and ImageCraft
Standard compiler version 7.0.5. The results will be similar
for other PSoC 1 devices as well.

Besides following these guidelines, when working with a
smaller flash-size device, a good practice is to watch the
code size increase during project development. Whenever
there is a huge increase in the code space, look at the
map file (Figure 4) to see if any unexpected functions are
being used by the latest part of the code. Knowing the
exact part of the code that causes the flash increase
makes it easier to optimize your code.

For further details on compiler and project optimization
options, refer to the ImageCraft C Compiler Guide and the
ImageCraft Assembly Language Guide.
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