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About The C51 Primer

If you' veflicked throughthispublication, you may beleft thinking that itisnecessary to bean expert to produceworkable
programswith C51. Nothing couldbefurther fromthetruth. Itisperfectly possibletowritereal commercial programswith
nothing more than areasonable knowledge of the ANSI C language.

However, to get the maximum performancefromthe8051, knowing afew tricksisvery useful. Thisisparticularly trueif
you areworking on avery cost-sensitive project where needing abigger RAM or EPROM can result in an unacceptable
on-cost. After all, if cost was not a consideration, we would all be using 80C166s and 68000s!

Whilst the C51 Primer isreally aimed at users of the Keil C51 Compiler, itisapplicablein part to compilerssuchas|AR
and Tasking. However, asthese compilersdo not allow such low-level accessand havefewer 8051-specific extensions,
they arelesslikely to be used on projects where getting maximum performanceis essential.

TheC51Primer Will HelpY ou

Find your way around the basic 8051 architecture.
Make a sensible choice of memory model and special thingsto watch out for.
Locate things at specific addresses.

Make best use of structures.

Use hit-addressable memory.

Think in terms of charsrather than ints.

Get the best out of the various pointer types.

Get amodular structureinto programs.

Access on and off-chip ports and peripherals.

Deal withinterrupts.

Use registerbanks.

Deal with the stack.

Understand RAM overlaying.

Interface to assembler code.

Usespecial versionslikethe80C517 and 87C751.
Useassembler tricksin C.

Help the optimiser to produce the smallest, fastest code.

The C51 Primer Will Not Help You:

Programin ANSI C - get agood referencelike Kernighan & Ritchie.

Write portable code - simply use the compiler without using any extensions.

Set-up each and every on-chip peripheral on all of the 90 different 8051 variants! Some are, however, covered in the
appendices.

This guide should be read in association with agood C reference such as Kernighan and Ritchie and is not meant to be
adefinitivework onthe Clanguage. It coversall the 8051-specific language extensions and those areas where the CPU
architecture has an impact on coding approach.

1 Introduction

C can be arather terse and mystifying language. Widely quoted as being ahigh level language, C doesindeed contain
many such features like structured programming, defined procedure calling, parameter passing, powerful control
structures etc.

However much of the power of Cliesinitsability to combine simple, low-level commandsinto complicated high-level
language-like functions and allow access to the actual bytes and words of the host processor. To a great extent then,
Cisasort of universal assembly language. Most programmerswho are familiar with C will have been used to writing
programs within large machines running Unix or latterly MS-DOS. Even in the now cramped 640KB of MS-DOS,
considerable spaceisavailable so that the smallest variablein aprogram will beanint (16-bits). Most interfacing to the
real worldwill bedoneviaDOSIntsandfunctioncalls. Thustheactual Cwrittenisconcerned only withthe manipulation
and processing of variables, strings, arrays etc.
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Withinthemodern8bit microcontroller, however, thesituationissomewhat different. Takingthe8051 asanexample, the
total program size can only occupy 4 or 8K and useonly 128bytesof RAM. Ideally, real devicessuch asportsand special
functionregistersmust beaddressed from C. Interruptshaveto be serviced, which requirevectorsat absol ute addresses.
Specia caremust betakenwitharoutine’ sdatamemory allocationif over-writing of background|oop dataisto beavoided.
Oneof thefundamentalsof Cisthat parameters(input variabl es) are passed to afunction (subroutine) and resultsreturned
tothecaller viathestack. Thusafunction can be called from both interrupts and the background without fear of itslocal
data being overwritten (re-cutrancy).

A seriousrestrictionwiththe8051 family isthelack of aproper stack; typically withaprocessor such asthe8086, thestack
pointer is16-bits (at least). Besidesthe basic stack pointer, there are usually other stack relative pointers such asabase
pointer etc..

Withtheseextrademandsonthestack control system, theability toaccessdataonthestack iscrucial. Asalready indicated,
the 8051 family isendowed with astack systemwhichisreally only capable of handling return addresses. With only 256
bytes of stack potentially available, it would not take too much function-calling and parameter-passing to use this up.

From thisyou might think that implementing astack-intensive language like C on the 8051 would beimpossible. Well,
it very nearly hasbeen! While there have been compilers around for some years now that have given C to 8051 users,
they havenot been overly effective. Most haveactually been adapted from generic compilersoriginally writtenfor more
powerful microssuch asthe68000. Theapproachtothestack problemhaslargely beenthroughtheuseof artificial stacks
implemented by using 8051 opcodes.

Typicaly,anareainexterna RAM isset asideasastack; specid library routinesmanagethenew stack every timeafunction
iscalled. Whilethismethodworksand givesare-entrant capability, thepricehasbeen very slow runtimes. Thenet effect
isthat the processor spends too much time executing the compiler’s own code rather than executing your program!

Besides the inherent inefficiency of generating anew stack, the compiled program code is not highly optimised to the
peculiaritiesof the8051. Withall thisoverhead, theprovision of banked switch expanded memory, controlled by 10 ports,
becomes almost a necessity!

Therefore, withthe8051in particul ar, theassembl er approachto programming hasbeentheonly real alternativefor small,
time-critical systems.

However, asfar back as1980, I ntel produced apartial solutiontotheproblem of allowing high-level languageprogramming
onitsnew 8051 intheshapeof PLM51. Thiscompiler wasnot perfect, having been adapted from PLM 85 (8085), but Intel
wererealistic enough to realise that afull stack-based implementation of the language was simply not on.

The solution adopted was to simply pass parametersin defined areas of memory. Thuseach procedure hasitsown area
of memory inwhich it receives parameters and passes back the results. Provided the passing segments are internal the
calling overhead isactually quite small.

Using external memory slows the process but is still faster than using an artificial stack.

The drawback with this “compiled stack” approach is that re-entrancy is now not possible. This apparently serious
omission in practice does not tend to cause a problem with typical 8051 programs. However the latest C51 versionsdo
allow selectivere-entrancy, sothat permitting re-entrant useof afew critical functionsdoesnot compromisetheefficiency
of thewhole program.

Other noteworthy considerationsfor C on amicrocontroller are:

0] control of on and off-chip peripheral devices

(i)  servicing of interrupts

(i)  making the best use of limited instruction sets

(iv)  supporting different ROM/RAM configurations

(v)  avery highlevel of optimisation to conserve code space

(vi)  control of registerbank switching

(vii)  support of enhanced or special family variants(87C751, 80C517 etc..).

TheKeil C51 compiler contains all the necessary C extensions for microcontroller use. This C compiler builds on the
techniques pioneered by Intel but adds proper C language features such as floating point arithmetic, formatted/
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unformatted 1O etc. Itis, infact, an implementation of the C language ANSI standard specifically for 8051 processors.

2 Keil C51 Compiler Basics - The 8051 Architecture

The Keil C51 compiler has been written to allow C programmers to get code running quickly on 8051 systems
with little or no learning curve. However, to get the best from it, some appreciation of the underlying hardwareis
desirable. The most basic decision to be made iswhich memory model to use.

For general information on the C language, number and string representation, pleaserefer to a standard C
textbook such asK & R

2.1 8051 Memory Configurations
2.1.1 Physical Location Of The Memory Spaces

Perhapsthemost initially confusing thing about the 8051 isthat therearethreedifferent memory spaces, all of which start
at the same address.

Other microcontrollers, suchasthe68HC11, haveasingle Von Neuman memory configuration, wherememory areasare
located at sequential addresses, regardless of in what device they physically exist.

Withinthe CPU thereisonesuch, theDATA on-chipRAM. Thisstartsat D:00 (the*D:’ prefiximpliesDATA segment)
andendsat 07fH (127 decimal). ThisRAM canbeusedfor programvariables. Itisdirectly addressable, sothatinstructions
like‘MOV A x" areusable. Above80H the special function registersarelocated, which are again directly addressable.
However, asecond memory areaexistsbetween 80H and OFFH whichisonly indirectly addressableandisprefixed by |:
and known asIDATA. Itisonly accessibleviaindirect addressing (MOV A,@Ri) and effectively overlaysthe directly
addressable sfr area. This constitutes an extended on-chip RAM areaand was added to the ordinary 8051 design when
the8052 appeared. Asitisonly indirectly addressable, itisbestleft for stack use, whichis, by definition, alwaysindirectly
addressed viathe stack pointer SP. Just to confuse things, the normal directly addressable RAM from 0-80H can also
beindirectly addressed by the MOV A,@Ri instruction!

CODE XDATA

DATA O

0x20
DATA BDATA 0xIF

g
B

Fig.1. The8051'sMemory Spaces.

A third memory space, the CODE segment, al so startsat zero, but thisisreserved for the program. It typically runsfrom
C:0000to C:0FFFFH (65536 bytes) but asitishel dwithinanexternal EPROM, it canbeany sizeupto 64K B (65536 bytes).
The CODE segment isaccessed viathe program counter (PC) for opcodefetchesand by DPTRfor data. Obviously, being
ROM, only constants can be stored here.

A fourthmemory areaisalsooff-chip, starting at X:0000. Thisexistsinanexternal RAM deviceand, likethe C:0000 segment,
canextendupto X:0FFFFH (65536 bytes). The' X:’ prefiximpliestheexternal XDATA segment. The8051' sonly 16 bit
register, the DPTR (data pointer) isused to accessthe XDATA. Finally, 256 bytesof XDATA can also be addressed in
apaged mode. Here an 8-bit register (RO) is used to accessthis area, termed PDATA.
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The obvious question is
“How doesthe 8051 prevent an access to C:0000 resulting in data being fetched from D:00?"
Theanswer isinthe 8051 hardware:

When the cpu intends to access D:00, the on-chip RAM isenabled by apurely internal READ signal - the external /RD
pin is unchanged.

MOV A,40 ; Put value held in location 40 into the accumulator
Thisaddressing mode (direct) isthe basis of the SMALL memory model.

MOV RO, #0AO0H ; Put the wvalue held in IDATA location OAOH into

MOV A, @RO ; the accumulator

Thisaddressing modeisused to accesstheindirectly addressabl e on-chip memory above 80H and as an alternative way
to get at the direct memory below this address.

A variationon DATA isBDATA (bitdata). Thisisal16 byte (128-bit) area, starting at 020H inthedirect segment. Itis
useful inthat it can be both accessed byte-wise by the normal MOV instructions and addressed by special bit-orientated
intructions, as shown below:

SETB 20.0 ;
CLRB 20.0 ;

Theexternal EPROM device (C:0000) isnot enabled during RAM access. Infact, the external EPROM isonly enabled
when apinonthe8051 named the PSEN (program storeenable) ispulled low. Thenameindicatesthat themainfunction
of the EPROM isto hold the program.

TheXDATA RAM and CODE EPROM do not clash asthe XDATA deviceisonly active during arequest from the 8051
pinsnamed READ or WRITE, whereasthe CODE device only respondswhen the PSEN pinislow.

To help accessthe external XDATA RAM, special instructions exist, conveniently containingan ‘X' ....

MOV DPTR, #08000H
MOVX A, @DPTR ; “Put a value in A located at
address in the external RAM,
contained in the DPTR register
(8000H) .

The above addressing mode forms the basis of the LARGE model.

MOVX RO, #080H ;
MOVX A,@RO ;

Thisalternative access mode to external RAM formsthe basis of the COMPACT memory model. Notethat if Port 2is
attached to the upper address lines of the RAM, it can act like amanually operated “paging” control.

Theimportant point to remember isthat the PSEN pinisactivewheninstructionsare being fetched; READ and WRITE
areactivewhenMOV X.... (“moveexterna”) instructionsare being carried-out.

Notethat the* X’ meansthat theaddressisnot withinthe8051 butis containedinanexternal device, enabled by theREAD
and WRITE pins.

2.1.2 Possible Memory Models

Withamicrocontroller likethe8051, thefirst decisioniswhichmemory model to use. Whereasthe PC programmer chooses
between TINY, SMALL, MEDIUM, COMPACT, LARGE and HUGE to control how the processor segmentation of the
RAM isto be used (overcome!), the 8051 user has to decide where the program and data are to reside.

C51 currently supportsthefollowing memory configurations:
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(i) ROM - currently the largest single object file that can be produced is 64K, although up to IMB can be
supported withtheBANKED model described below. All compiler output to bedirected to Eprom/
ROM, constants, |ook-up tables etc., should be declared as “code”.

code unsigned char constant_1

code unsigned char array 1[3]={‘1’,/2',/3', 74" }
(i) RAM - Therearethreememory models, SMALL, COMPACT and LARGE
(ii)SMALL - all variables and parameter-passing segmentswill be placed in the 8051’ sinternal memory.

(iv)COMPACT- variablesare storedin paged memory addressed by ports O and 2. Indirect addressing opcodesare
used. On-chip registersare still used for localsand parameters.

WLARGE - variablesetc. are placed in external memory addressed by @DPTR. On-chipregistersarestill
used for locals and parameters.

(Vi)BANKED- Code can occupy up to IMB by using either CPU port pins or memory-mapped latches to page
memory above OxFFFF. Within each 64KB memory block aCOMMON areamust be set aside
for Clibrary code. Inter-bank function callsare possible.

Seethesection on BL 51 for mor einfor mationontheBANK ED model.

A variation on these modelsisto use one model globally and then to force certain variables and data objects into other
memory spaces.

Thistechnique is covered later.
2.1.3 Choosing The Best Memory Configuration/Model

With the four memory models, a decision hasto be made asto which oneto use. Single chip 8051 users may only use
theSMALL model, unlessthey havean external RAM fitted which can be pageaddressed from Port 0 and optionally, Port
2,usingMOV X A,@RO0 addressing.

Thispermitsthe COMPACT model. Whileitispossibleto changethegloba memory model half way through aproject,
itisnot recommended!

SMALL
Total RAM 128 bytes(8051/31)

Rather restricting in the case of 8051/31. Will support code sizes up to about 4K but a constant check must be kept on
stack usage. The number of global variablesmust bekept to aminimumto allow thelinker OVERLAY er towork to best
effect. With 8052/32 versions, themanual use of the 128 byteIDATA areaabove 80H can all ow applicationsup to about
10-12K but again the stack position must be kept in mind.

Very large programs can be supported by the SMALL model by manually forcing large and/or slow dataobjectsinto an
external RAM, if fitted. Alsovariableswhichneedtobeviewedinreal timearebest|ocated here, asdual -ported emulators
liketheHitex T51 canread their valuesonthefly. Thisapproachisgenerally best for large, time-critical applications, as
theSMALL globa model guaranteesthat |ocal variablesand function parameterswill havethefastest access, whilelarge
arrays can be located off-chip.

COMPACT
Total RAM 256 bytesoff-chip, 128 or 256 byteson-chip.

Suitablefor programswhere, for example, the on-chip memory isapplied to an operating system. The compact model is
rarely used on its own but more usually in combination with the SMALL switch reserved for interrupt routines.

COMPACT isespecially useful for programswith alarge number of medium speed 8 bit variables, for whichthe MOV X
A,@ROisvery suitable.
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It can be useful in applicationswhere stack usageisvery high, meaning that dataneedsto be off-chip. Notethat register
variablesarestill used, sothelossof speedwill not besignificantinsituationswhereonly asmall number of local variables
and/or passed parameters are used.

LARGE

Total RAM upto64K B, 1280r 256 byteson-chip.

Permits slow accessto avery large memory space and is perhapsthe easiest model touse. Again, not often used oniits
own but in combination with SMALL. Aswith COMPACT, register variables are still used and so efficiency remains
reasonable.

In summary, there are five memory spaces available for data storage, each of which has particular pros and cons.
Here are some recommendations for the best use of each:

DATA: 128bytes

SMALL mode default location

Best For:

Frequently accessed data requiring the fastest access. Interrupt routines whose run timeis critical should use DATA,
usually by declaring thefunctionas"SMALL". Also, background codethat isfrequently run and has many parameters

to pass. If you are using re-entrant functions, the re-entrant stacks should be located here as a priority.

Worst For:
Any variable arrays and structures of more than a few bytes.

IDATA

Not mode-dependant

Best For:

Fast access data arrays and structures of limited size (up to around 32 bytes each) but not totalling more than 64 or so

bytes. Asthesedatatypesrequireindirect addressing, they areideally placedintheindirectly addressablearea. Itisalso
agood place to locate the stack, as thisis by definition indirectly addressed.

Worst For:

Large data arrays, fast access words.
CODE

64K bytes

Best For:
Constants and large lookup tables, plus opcodes, of course!

Worst For:

Variabled

PDATA

COMPACT modd default area
256 bytes

Best For:

Medium speed interrupt and fast background char (8-bit) variablesand moderate-sized arraysand structures. Alsogood
for variables which need to be viewed in real time using an emulator.
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Worst For:

Very large data arrays and structure above 256 bytes.
Very frequently used data (ininterrupts etc..).

Integer and long data.

XDATA
LARGE mode default area

Best For:

Large variable arrays and structures (over 256 bytes)

Slow or infrequently-used background variables. Also good for variables which need to beviewed in real timeusing an
emulator.

Worst For:
Frequently-accessed or fast interrupt variables.

2.1.4 Setting The Memory Model - #Pragma Usage

The overall memory typeis selected by including theline “#pragmaSMALL" asthefirst lineinthe C sourcefile.

See Section 2.1.3for detail son specific variable placement. SMALL isthedefault model and can beused for quitelarge
programs, provided that full useis made of PDATA and XDATA memory spacesfor lesstime-critical data.

Soecial note on COMPACT model usage

The COMPACT model makescertainassumptionsabout thestateof Port 2. TheXDATA spaceisaddressed by theDPTR
instructionswhich placethe 16 bit addresson PortsOand 2. The COMPACT model usesR0asa8 hit pointer which places
anaddressonport 0. Port 2isunder user control andiseffectively amemory pagecontrol. Thecompiler hasnoinformation
about Port 2 and unlesstheuser hasexplicitly setittoavaueitwill beundefined, although generally it will beat Oxff. The
linker hasthejob of combining XDATA and PDATA variablesand unlesstold otherwiseit putsthePDATA (COMPACT
default space) at zero. Hence, theresulting COMPACT program will not work.

Itisthereforeessential to set the PPA GE number inthestartup.a51 fileto somedefinitevalue- zeroisagood choice. The
PPAGEENABLE must be set to 1 to enable paged mode. Also, whenlinking, the PDATA(ADDR) control must beused
totell L51 wherethe PDATA areais, thus:

L51 modulel.obj, module2.o0bj to exec.abs PDATA(0)XDATA(100H)

Notethat thenormal XDATA areanow startsat 0x100, abovethe zero page used for PDATA. Failuretodothisproperly
can result in very dangerous results, as data placement is at the whim of PORT2!
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2.2 Local Memory Model Specification

2.2.1 Overview

C51 version 3.20 allows memory modelsto be assigned to individual functions. Within asingle module, functions can

bedeclaredasSMALL, COMPACT or LARGE thus:

#pragma COMPACT
/* A SMALL Model Function */
fsmall() small

printf (“HELLO")

}
/* A LARGE Model Function */
flarge() large

printf (“HELLO")

}

/* Caller */

main() {
fsmall () ; // Call small func.
flarge() ; // Call large func.

}

See pages 5-20 in the C51 reference manual for further details.

2.2.2 Point To Watch In Multi-Model Programs

A typical C51 program might be arranged with all background loop functions compiled as COMPACT, whilst al (fast)
interrupt functionstreated asSMALL. Theobviousapproach of using the#pragmaMODEL or command lineoptionto
set the model can cause odd side effects. The problem usually manifestsitself at link timeasa“MULTIPLE PUBLIC

DEFINITION” error related to, for instance, putchar().

ThecauseisthatinmodulescompiledasCOMPACT, C51 createsreferencestolibrary functionsinthe COMPACT library,
whilst the SMALL moduleswill accessthethe SMALL library. When linking, L51 findsthat it hastwo putchars() etc.

fromtwodifferentlibraries.

Thesolutionisto stick to one global memory model and then usethe SMALL function attribute, coveredin the previous

section, to set the memory model locally.

Example

#pragma COMPACT

void fast func(void) SMALL({

/*codex*/

}
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3 Declaring Variables And Constants
3.1 Constants

The most basic requirement when writing any program isto know how to allocate storage for program data. Constants
are the simplest; these can reside in the code (EPROM) area or as constants held in RAM and initialised at runtime.
Obviously, the former really are constants and cannot be changed.

Whilethelatter typearerelatively commonplace on big systems(Microsoft C), in 8051 applicationsthe coderequired to
set them up is often best used elsewhere. Also, accessis generally faster to ROMmed constants than RAM onesif the
RAM is external to the chip, as ROM “MOVC A,@DPTR” instruction cycle is much faster than the RAM “MQOV X
A,@DPTR".

Examplesof Eprommed constant dataare:

code unsigned char coolant_temp = 0x02 ;
code unsigned char look up table[5]="1",’2","'3","4"'} ;
code unsigned int pressure = 4 ;

Note that “const” does not mean "code". Objects declared as "const" will actually end up in the data memory area
determined by the current memory model.

Obviously, any large lookup tables should be located in the CODE area - adeclaration might be;

/* Base Fuel Map */
/* x = Load : y = engine speed : output = Injector PW, 0 - 8.1léms */
/* (x_size,y size,

x_breakpoints,
y_breakpoints,
map_ data)

*/

code unsigned char default base fuel PW map[] =

0x08,0x08,
0x00,0x00,0x00,0x09,0x41,0x80,0xC0, OXFF,
0x00,0x00,0x13, 0x1A,0x26,0x33,0x80, OXFF,
0x00,0x00,0x00,0x09,0x41,0x80,0x66,0x66,
0x00,0x00,0x00,0x09,0x41,0x80,0x66,0x66,
0x00,0x00,0x00,0x00,0x4D, 0x63,0x66,0x66,
0x00,0x00,0x00,0x02,0x4D, 0x63,0x66,0x66,
0x00,0x00,0x00,0x05, 0x4A,0x46,0x40,0x40,
0x00,0x00,0x00,0x08,0x43,0x43,0x3D, 0x3A,
0x00,0x00,0x00,0x00, 0x2D, 0x4D, 0x56, 0x4D,
0x00,0x00,0x00,0x00,0x21,0x56,0x6C, 0X6F

b

Withlargeobjectsliketheaboveitisobviously important to stateamemory space. Whenworkinginthe SMALL model
inparticular, itisvery easy to fill up the on-chip RAM with just asingle table!

RAM constants would be:

unsigned char scale_ factor = 128 ;
unsigned int fuel constant = O0xFD34 ;

These could, however, havetheir values modified during program execution. Assuch, they are more properly thought
of asinitialised variables- see section 3.2.2.
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3.2 Variables
3.2.1 Uninitialised Variables

Naturally, al variablesexistin RAM, the configuration of whichisgiveninsection 2.1.1.

The#pragmaSMALL linewill determinetheoverall memory model . Inthiscase, all variablesareplaced withintheon-chip
RAM. However, specific variables can beforced elsewhere asfollows:

#pragma SMALL

xdata unsigned char engine speed ;
xdata char big variable_array[192] ;

Thiswill haveengine_speed placedinanexternal RAM chip. Notethat noinitial valueiswrittentoengine_speed, sothe
programmer must not read thisbeforewritingitwithastartvalue! Thisxdataplacement may bedonetoallow engine speed
tobetraced “onthefly”, by anin-circuit emulator for example.

Inthecaseof thearray, it would not be sensibleto placethisinthe on-chip RAM becauseit would soon get filled up with
only 128 bytesavailable. Thisisavery important point - never forget that the 8051 has very limited on-chip RAM.

Another exampleis:

#pragma LARGE

function(data unsigned char paral)

{

data unsigned char local variable ;

)
Herethe passed parametersareforcedintofast directly addressed internal | ocationsto reducethetimeand code overhead
for calling the function, even though the memory model would normally forceall datainto XDATA.

Inthiscaseit would be better to declarethefunctionasSMALL, eventhough the prevailing memory model islarge. This
isextremely useful for producing afew fast executing functionswithin avery big LARGE model program.

On asystem using paged external RAM on Port 0, the appropriate directiveis “pdata’.

See notesin section 2.1.3 for details on how to best locate variables.

3.2.2 Initialised Variables

Toforcecertainvariablestoastart valuein an overall system setup function, for example, itisuseful to beableto declare
and initialise variablesin one operation. Thisis performed thus:

unsigned int engine speed = 0 ;
function ()
{
}
Herethevalue“0” will bewritten to thevariablebefore any function can accessit. To achievethis, thecompiler collects

together all suchinitialised variablesfrom around the systeminto asummary table. A runtimefunctionnamed“C_INIT”

© Copyright Hitex (UK) Ltd. 1996 C51 Primer page 13



iscalled by the“ startup.obj” program which writesthe table valuesinto the appropriate RAM location, thusinitialising

them.

Immediately afterwards, thefirst C program*“main()” iscalled. Thereforenoread beforewritecanoccur,asC_INIT gets
therefirst. Theonly point to noteisthat you must modify the“ startup.a51” programtotell C_INIT thelocation and size
of the RAM you areusing. For thelarge model, XDATASTART and XDATALEN are the appropriate parametersto

change.

3.3 Watchdogs With Large Amounts Of Initialised Data

Inlargeprogramsthesituation may arisethat theinitialisationtakeslonger to compl etethan thewatchdog timeout period.
Theresultisthat the cpuwill reset before reaching main() where presumably awatchdog refresh action would have been

taken.

Toallow for thistheINIT.A51 assembler file, located inthe\C51p\L B directory, should be modified.

7

This file is part of the C-51 Compiler package Copyright KEIL ELEKTRONIK

7

GmbH

i
is executed
level.

This code
at file

INIT.A51:
variables

if the application program contains

7

7

; User-defined Watch-Dog Refresh.

; If the C application containing many initialised variables wuses a watchdog

; might be possible that the user has to
; initialisation process.

The watchdog refresh routine can be

include a watchdog refresh in the
included in the

; following MACRO and can alter all CPU registers except DPTR.

WATCHDOG MACRO
;Include any Watchdog
P6 "= watchdog refresh
ENDM
NAME ?C_INIT

?C_C51STARTUP SEGMENT CODE
?C_INITSEG SEGMENT CODE ;

EXTRN CODE (MAIN)

PUBLIC ?C_START

RSEG ?C_C51STARTUP INITEND:
?C_START:

MOV  DPTR, #?C_INITSEG
LOOP:

WATCHDOG ;<<—

CLR A

MOV  R6, #1

MOVC A, @A+DPTR

JZ INITEND

INC DPTR

MOV R7,A

. Largeinitialisation loop code

XCH
XCH

A,RO
A,R2
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XCH
XCH
DJINZ
DJINZ
SJMP
LJMP

A,DPH
A,R2
R7,XLoop
R6,XLoop
Loop

MAIN ; C51 Program start

RSEG ?C_INITSEG
DB 0
END

A special empty macronamed WATCHDOG  sprovidedwhich should bealteredto containyour normal watchdog refresh
procedure. Subsequently, thisisautomatically inserted into each of theinitialisationloopswithinthebody of INIT.A51.

3.4 Cs1Variables
3.4.1 Variable Types

Variableswithin aprocessor are represented by either bits, bytes, wordsor long words, correspondingto 1, 8, 16 and 32-
bitsper variable. C51variablesaresimilarly based, for example:

bit =1 Dbit o -1
char =8 bits 0o - +/- 127
unsigned char =8 Dbits 0 - 255
int =16 Dbits 0 - +/-32768
unsigned int =16 Dbits g0 - 65535
long =32 bits 0 - +/- 2.147483648x109
unsigned long =32 Dbits 0 - 4.29496795x109
float =32 Dbits +/-1.176E-38 to +/-3.4E+38
pointer =24/16/8 Dbits Variable address
Typical declarationswould be:
xdata unsigned char battery volts ;

idata int correction_ factor ;
bit flag 1 ;

(Note: bit variables are always placed in the bit-addressable memory area of the 8051 - see section 2.1.1)

With a processor such asthe 8086, int is probably the commonest datatype. Asthisisa 16-hit processor, the handling
of 16 bit numbersisgenerally the most efficient. The distinction between int and unsigned int has no particular impact
ontheamount of code generated by thecompiler, sinceitwill simply usesigned opcodesrather thantheunsigned variety.

For the 8051, naturally enough, the char should be the most used type. Again, the programmer has to be aware of the
thoroughly 8-bit nature of thechip. Extensiveuseof 16-bit variableswill produceslower code, asthecompiler hasto use
library routines to achieve apparently innocuous 16 by 8 divides, for example.

Theuseof signed numbershasto beregul ated, asthe8051 doesnot haveany signed arithmeticinstructions. Again, library
routines have to do the donkey work.

Aninteresting devel opment hasbeen the Infineon 80C537, which doeshave an extended arithmeticinstruction set. This
has, for instance, 32 by 16 divide and integer instructions. Indeed, this device might be a good upgrade path for those
8051 userswho need morenumber crunching power and who might beconsideringthe80C196. A suiteof runtimelibraries
isavailablefromKeil to allow the compiler to take advantage of the 80C537 enhancements.

3.4.2 Special Function Bits

A major frustrationfor assembler programmerscomingto Cistheinability of ANSI Ctohandlebitsinthebit-addressable
BDATA areadirectly. Commonly bit masksare needed whentesting for specific bitswith charsandints. InC51 version
3however, itispossibletoforcedatainto the bit-addressable area(starting at 0x20) wherethe 8051’ shit instructionscan
be used directly from C.

An exampleistesting the sign of achar by checking for bit = 1.

Here, the char is declared as “bdata’ thus:
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bdata char test ;
sign_bit 1is defined as:
sbit sign * 7 ;

To use this:

void main(void) {

test = -1 ;

if (test & 0x80) { // Conventional bit mask and &
test = 1 ; // test was -ve
1

if (sign == 1) { // Use sbit
test = 1 ; // test was -ve

}
}

Resultsin the assembler:

RSEG ?BA?T2
test: DS 1
sign EQU test.7?7
; bdata char test ;
; sbit sign = test

A

7
;

; void main(void)

main:

; test = -1 ;
MOV  test, #0FFH

; if (test & 0x80) { // Conventional bit mask and &
MOV A, test
JNB ACC.7,7?C0001

; test = 1 ; // test was -ve
MOV test, #01H

; !

?C0001:

; if (sign == 1) { // Use sbit
JNB sign, ?2C0003

; test = 1 ; // test was -ve
MOV test, #01H

; 1

; 1

?C0003:

RET

Here, using the shit, the check of thesign bitisasingle INB instruction, which isan awful lot faster than using bit masks
and &’sinthefirst case! Thesituation with intsissomewhat more complicated. The problemisthat the 8051 does not
store things as you first expect. The same sign test for an int would still require bit 7 to be tested. Thisis because the
8051 storesint’ s high byte at the lower address. Thusbit 7 isthe highest bit of the higher byte and 15 isthe highest bit
of thelower.

Byte Number: test_int(high) 20H Bit Number: 0,1,2,3,4,5,6,7
Byte Number: test_int+1(low) 21H Bit Number: 8,9,10,11,12,13,14,15

Bit locationsin an integer

3.4.3 Converting Between Types
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One of the easiest mistakesto make in C isto neglect theimplications of type within calculations or comparisons.
Takingasimpleexample:

unsigned char x ;
unsigned char y ;
unsigned char z ;

X
Y

I n
ul

z = x *y ;

Results in z = 50

However:

x
Y

10 ;
50 ;

z = x %y ;

resultsinz=244. Thetrueanswer of 500 (0x 1F4) hasbeenlost aszisunabletoaccommodateit. Thesolutionis, of course,
tomakez anunsigned int. However, itisalwaysagood ideato explicitly cast the two unsigned char operands up to int
thus:

unsigned char x ;
unsigned char y ;
unsigned int z ;

z = (unsigned int) x * (unsigned int) y ;

While C51 will automatically promote charsto int, it is best not to rely on it! It could be argued that on any small
microcontroller you should always be aware of exactly what size datais.

3.4.4 ANon-ANSI Approach To Checking Data Type Overflow

A very common situationiswheretwo bytesareto be added together and theresult limited to 255, i.e. the maximum byte
value. With the 8051 being byte-orientated, incurring integers must be avoided if maximum speed is to be achieved.
Likewise, if the sum of two numbers exceeds the type maximum the use of integersis needed.

Inthisexamplethefirst comparison usesaproper ANSI approach. Here, the two numbers are added byte-wise and any
resulting carry usedtoformtheleast significant bit of theupper byteof thenotional integer result. A normal integer compare
then follows. Whilst C51 makes agood job of this, amuch faster route is possible, as shown in the second case.

#include <reg51.h>

unsigned char x, y, z ;

/*** Add two bytes together and check if *x%/
/***the result has exceeded 255 ***x/

void main(void) {
RSEG ?PR?main?T
USINGO
main:
; SOURCE LINE # 8

; if(((unsigned int)x + (unsigned int)y) > Oxff) {
; SOURCE LINE # 10

MOV A, x
ADD A,y
MOV R7,A
CLR A
RLC A
MOV R6,A
SETB C
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MOV A,R7
SUBB A, #0FFH
MOV A,R6
SUBB A, #00H
Jc 2C0001

; z = Oxff ; // ANSI C version
; SOURCE LINE # 12

MOV  z, #0FFH
; 1
; SOURCE LINE # 13
Inthiscasethecarry flag,“CY”, ischecked directly, removing theneed to performany integer operations, asany addition
resulting in avalue over 255 setsthe carry. Of course, thisisnolonger ANSI C asareferenceto the 8051 carry flag has
been made.

2C0001:
i z =X +Y ;
; SOURCE LINE # 15
MOV A, x
ADD A,y
MOV  z,A

; SOURCE LINE # 17
JNB Cy,?C0003

; z = Oxff ; // C51 Version using the carry flag
; SOURCE LINE # 19
MOV  z,#0FFH

; 1

; SOURCE LINE # 20
; }

?C0003:
RET

; SOURCE LINE # 25

Thesituation of aninteger comparefor greater than 65535 (0xffff) isevenworseaslong mathsmust beused. Thisisalmost
adisaster for code speed asthe 8051 has very poor 32-bit performance. Thetrick of checking thecarry flagisstill valid
as the final addition naturally involves the two upper bytes of the two integers.

In any high performance 8051 system this loss of portability is acceptable, as it allows run time targets to be met.
Unfortunately, compl ete portability alwayscompromises performance!
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4 Program Structure And Layout
4.1 Modular Programming In Cs51

Thisispossibly not the place to make the case for modular programming, but abrief justification might be appropriate.

In anything but the most trivial programsthe overall job of the softwareis composed of smaller tasks, all of which must
be identified before coding can begin. As an electronic system is composed of several modules, each with a unique
function, so asoftware system isbuilt from anumber of discretetasks. Inthe electronic case, each moduleis designed
and perfectedindividually and then finally assembl ed into acompl eteworking machine. With software, thetasksarethe
building blocks which are brought together to achieve the final objective.

The overall program thus has a loosely-predefined modular structure which could sensibly form the basis of the final
softwarelayout. Thelargest identifiable blockswithinthe program arethetasks. Thesearein turn built from modules,
which themselves are constructed from functionsin the case of C.

The modules are in reality individual source files, created with atext editor. Grouping the software sections together
according to the function with which they are associated is the basis of modular programming.

Usingthe CEM Senginecontrol systemagainasareal example, thetask of runningtheengineisdividedintothefollowing
tasks:

Task 1
Provide Timed Sparks For Ignition

Task 2
Provide controlled pulsewidths for fuel injection

Task 3
Allow alteration of tune parameters via terminal

Considering Task 1, thisisin turn composed of modules thus:

Task 1, Module 1
Determine crank shaft position and speed

Task 1, Module 2
Measure engine load

Task 1, Module 3
Obtain required firing angle from look-up table

Taking module 2, aC function existswhich usesan A/D converter to read avoltagefromasensor. Itispart of theoverall
background loop and hence runsin afixed sequence. In module 1 an interrupt function attached to an input capture pin
calculatesengine speed and generatestheignition coil firing pulse. Module 3isanother functioninthe background loop
andtakesspeed andloadinformation fromtheother modul esconstituting theignitionfunction, tocal culatethefiringangle.
Obviously, data must be communicated from the data collecting functionsto the processing functions and thence to the
signal generation parts across module boundaries.

In this case, the data flows are thus:

Module 1 Module 2 Module 3

Reluctor Sensor

Input Capture Pin Pressure Sensor

Engine Speed —————p Find Advance Angle 4+———Engine Load

Advance Angle «

Output Compare Pin

Ignition Coil
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Commonly, thevariablesused aredeclaredinthemodul ethat first suppliesthemwith data. Hencetheengine loadwould
be defined in Module 2 as that is where itsinput data comes from.

In this system the data would be declared thus:

Module_1.c Module_3.c Module 2.c

/* Global Data Declaration */ /* Global Data Declaration */ [* Global Data Declaration */
unsigned char engine_speed unsigned char advance unsigned char engine_load

/* External Data References */ [* External Data References */ /* External Data References */

extern unsigned char advance extern unsigned char engine _speed  extern unsigned char engine_load

Themost important thing to noteishow the datadefined in another moduleisreferenced by redeclaring therequired data
itembut prefixedwith“extern”.

Now, withacompl ete program spread acrossmany different sourcefil es, the problemarisesof how dataiscommunicated
between modules (files) and how separate C functions which lie outside of the home module may be accessed.

The next section illustrates how the linkage between modulesis undertaken.

4.2 Accessibility Of Variables In Modular Programs

A typical C51 application will consist of possibly five functional blocks (modules) containedin five sourcefiles. Each
block will contain anumber of functions (subroutines) which operateon and usevariablesin RAM. Individual functions
will (ideally) receivetheirinput dataviaparameter passingandwill returntheresultssimilarly. Withinafunctiontemporary
variableswill be used to store intermediate calculation values. Asused to be done years ago in assembler, al variables
(even thetemporary ones) will be defined in one place and will remain accessibleto every routine.

Thisapproachisvery inefficient and would seriously limit the power of C programs, astheinternal RAM would soon be
used up. The high-level language feature of a clearly defined input and output to each function would also be lost.
Similarly, anentire C program might bewritten withinonesinglesourcefile. Ashasbeen said, thispracticewascommon
many yearsago with simpleassemblers. Ultimately the source program can get so big that the 640K of aPC will get full
and the compiler will stop. Worse than this, theideal of breaking programs into small, understandable chunksis|lost.
Programs then become a monolithic block and consume huge amounts of listing paper...

There should therefore be ahierarchical arrangement of variables and functions within aprogram; complete functional
blocks should beidentified and given their ownindividual sourcefilesor modules. Use should be made of the ability to
access external variables and functionsto achieve small program files!

Thefollowing should help explain:

MODULEl.c: IR R R R R SRS EEE SRR EEEEEEEEEREEEEEREEEREEEEEREEEEEEEEREEESEEREEEEEEESEESSES
unsigned char globall ; (1)
unsigned char global2 ;
extern unsigned char ext function(unsigned char) ; (2)

/* Utility Routine */
int_function (x) (3)
unsigned char x ; (4)
{
unsigned int templ ; (5)
unsigned char temp2 ;
temp 1 = x * x ;
temp2 = x + X ;

X = templ/temp2 ;

return (x) (6)

}

/* Program Proper */
main () (7)

{

unsigned char locall ; (5)
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unsigned char 1local2 ;
local2 int_ function(locall) ; (8)
locall ext function(local2) ; (9)

}

end Of MODULEl.c IR RS SRR RS S SR SRR R R SR SR ER RS RS R SRR R R SR ERREEREEEEEEEEEEEEEEEEEEEEEESES

MODULE2 .cC: R R R RS S SR SRS SRR RS SRR R R SRR R SRR SRR REEREEREEREEEEEEEEEEEREEEEEESEES]

extern unsigned char globall ; (10)

ext function (y)
unsigned char y ;

{

unsigned char temp ;

static unsigned char special ; (11)
special++ ;

y = temp * globall ; (12)

return(y) ;

)

Line (1) declaresvariableswhich will be accessible from all parts of the program. Ideally, such global usage should be
avoided but where an interrupt has to update a value used by the background program, for example, they are essential.

Line(2) makesanexternal referencetoafunctionnot definedinthecurrent module(block). Thislineallowsall thefunctions
inthisMODULE to call theexternal function.

Line (3) declares afunction whichisto be used by another functionin thismodule. These utility functions are placed
abovethecalling function (here“main()”).

L ine(4) declaresthevariablewhich hasbeen passed-over by thecallingfunction. Whenthevariableleft“main()”, itwas
called“local1”. Withinthisfunctionitisknownsimply as“x”. Thebyteof ramisallocatedto“x” only whilethe8051's
program counter iswithinthisfunction. Attheclosing}, x will vanish.

Line (5) like“x” above, these variables are simply used as intermediate values within the function. They have no
significance outside. Again, the byte of RAM will be re-assigned within another function. However the locals defined
in“main()” will alwaysexist asthe C programisentirely contained within“main()”.

Line(6) alowstheresult of the calculation to be passed back to the calling function. Once back in“main()” the value
isplacedin“local2”.

Line(7) definesthe start of the C program. Immediately prior to the point at which the program counter reachs main(),
theassembler routine“ STARTUP.A51” will have been executed. Thisinturn startsat location C:0000, thereset vector.
Note that no parameters are passed to “main()”.

Line (8) effectively callsthe function defined above, passing thevalue “local1” toit.

Line(9) islike 8, but thistime afunction is being called which resides outside of the current module.

Line(10) linksupwithline(1) inthat it makes“global1” visibleto functionwithin MODULE 2.

L ine(11) declaresavariablewhichislocal tothisfunctionbut which must not bedestroyed having exited. Thusit behaves
likeaglobal except that no other function can useit. If it were placed abovethefunction, accessibility woul d be extended

toall functionsinMODULE 2.

Thephysical linking of thedatanamesand function namesbetween modul esisperformedby theL 51 linker. Thisiscovered
indetail in section 8.
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4.3 Building A Real Modular Program - The Practicalities Of Laying Out A Cs1
Program

The need for amodular approach to program construction has been outlined earlier. Herethe practicalities of building
easily maintainable and documentabl e software is given, along with atrick for easing the development of embedded C
programs using popular compilers such asthe Keil C51.

4.3.1 The Problem

The simplest embedded C program might consist of just:

/* Module Containing Serial Port Initialisation */ /* V24IN537.C */
void wv24ini_537(void)

{

/* Serial Port Initialisation Code */

}

/* Module Containing Main Program */ /* MAIN.C */
/* External Definitions */

extern void v24ini 537 (void) ;

void main(void)
v24ini 537() ;
while (1) {
printf (“Time = ) ;

}

Thisminimal program hasonly one purpose- to print an asyet incomplete message on the terminal attached to the serial
port. Obviously, asingle sourcefile or “module” is sufficient to hold the entire C program.

Any real program will of course contain more functionality than just this. The natural reactionisto simply add further
code to the existing main function, followed by additional functionsto the MAIN.C sourcefile. Unlessactionistaken
the program will consist of one enormous sourcefile, containing dozens of functionsand interruptsand maybe hundreds
of publicvariables.

Whilstcompilerswill still compilethefile, thecompilationtimecan becomegreatly extended, meaningthat eventhesmal lest
modificationrequirestheentireprogramtobere-compiled. A monolithicprogramisusually symptomaticof alack of proper
program planning and islikely to contain suspect and difficult to maintain code.

The next stage in the sample program development is to add some means of generating the time thus:

/* Module Containing Timer0O Initialisation */
/* TOINI537.C */

void timer0_init 537 (void)
/* Enable Timer 0 Ext0 interrupts */
} /*init_timer_o0x/
/* Module Containing TimerO Service Routine */
/* RLT_INT.C */
/* Local Data Declarations */

/* Clock Structure Template */

struct time { unsigned char msec ;
unsigned char sec ; } ;

/* Create XDATA Structure */

struct time xdata clock ;

bit clock run fl1 = 0 ; // Flag to tell timer0 interrupt
// to stop clock

/* External References */

extern bit clock _reset_fl // Flag to tell timer0 interrupt to reset clock to zero
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[ x** INTERRUPT SERVICE FOR TIMER O * k% [
void timer0O_int (void) interrupt 1 using 1

if (clock.msec++ == 1000) {
clock.sec++ ;
if (clock.sec == 60)
clock_sec = 0 ;

}
}
To make this 4 modul e program useful, the main |oop needsto be altered to:

/* Module Containing Main Program %/
/* MAIN.C */

#include <reg517.h>
/* External Definitions */

extern void v24ini 537 (void) ;
extern void timerO_init 537 (void) ;

/* General Clock Structure Template */

struct time { unsigned char secs ;
unsigned char msec ; } ;

/* Reference XDATA Structure In Another Module */

extern struct time xdata clock ; extern bit clock_reset_fl // Flag to tell timero
interrupt to reset clock to =zero
/* Local Data Declaration */
bit clock run fl ; // Flag to tell timer0 interrupt
// to stop clock
void main(void)
v24ini 537() ;
timer0_init 537() ;
while (1) {
printf (“Time = %d:%d:%d:%d”,clock.hours,
clock.mins,
clock.secs,
clock.msecs) ;

if(P1 | o0x01) {
clock_run f1l
}
else
clock_run_ f1

[}
=

; // If button pressed start clock

[}
o

; // If button released stop clock

if(P1 | o0x02) {
clock reset f1 = 1 ; // If button pressed clear clock

}
}

4.3.2 Maintainable Inter-Module Links

Theforegoing program has been contructed in amodular fashion with each major functional block in aseparate module
(file). However even with thissmall program amaintenance problem is starting to become apparent: The source of the
troubleisthat to add anew dataitem or function, at | east two modul es need to be edited - the modul e contai ning the data
declaration plus any other module which makes areference to the additional items. With long and meaningful names
common in C and complex memory space qualification widespread in C51, much time can be wasted in getting external
references to match at the linking stage. Simple typographic errors can waste huge amounts of time!

Inlarge programswith many functionsand global variables, the global area preceding the executabl e code can get very
untidy and cumbersome. Of course, there is an argument that says that having to add external references to the top of
amodulewhen first using anew piece of global dataisgood practice, asit meansthat you are always aware of exactly
whichitemsareused. Itispreferabletothecommon approach of having asingleincludefileincorporated asamatter of
courseineach sourcefile, containing anexternal referencefor every global item, regardlessof whether thehost fileactually
needsthem all.
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Thislatter method inevitably |eads to the undesirable situation where an original data declaration in the source module
issitting alongside its external referencein the general includefile.

A solution to thisisto have “modul e-specific”’ includefiles. Basically, for each source module“.c” file, asecond “.h”
include is created. This auxilliary file contains both original declarations and function prototypes plus the external
references. Itisthereforesimilarinconcepttothestandardlibrary .hfilesusedinevery Ccompiler. Thetrickis, however,
to use conditional compilationto prevent the original declarationsand the external versions being seen simultaneously.

When included in their home modules, i.e. the“.c” file having the sameroot, only the original declarations are seen by
C51 whereas, when included in aforeign module, only the external formisseen. To achievethisapparent intelligence,
each source module must somehow identify itself to the includefile.

Themeansto achievethisisto place a#define at the top of each module giving the name of the module. When included
inits“home” module, the #ifdef-#el se#t-endif will cause the preprocessor to seethe original declarations. When placed
inforeign modul esnot sharing the sameroot, the preprocessor will seetheexternal equivalents. Keil supports_ FILE
but it is not of practicle usein this context, asits "value" cannot be used for a #define name.

By only including modul e-specific header filesin those modul esthat actually need to accessan itemin another module,
theoperation of powerful makeutilitiessuch asPolymakeor Keil'sown AMAKE, isimproved; provided the dependency
listiskept uptodate, any changestoa.hfilewill causeall modul esthat referenceit to berecompiled automatically. Thus
amodified program cannot bebuilt for testing unlessall modul esreferencing thealtereditemsuccessfully re-compile. This
usefully relievesthe linker from being alone responsible for symbol attribute cross-checking - something which some
linkers cannot be relied upon to do.

In most embedded C dial ectsthiscan beamajor helpinprogram devel opment as, for example, achangeinawidely-used
function’ smemory model attributecan easily bepropagated through an entireprogram; thechangeintheintelligent header
filebelongingtothefunction’ shomemodul ecausingtheAM AK E torecompileall other modulesreferencingit. Likewise,
achangein avariable’ smemory space from say XDATA to PDATA needsonly one header fileto be edited - AMAKE
will dotherest!

Here' show it'sdonein practice:

/* Module Containing Main Program - MAIN.C */

#define _MAIN_

/* Define module name for include file control =*/

#include <reg517.h> // Definitions for CPU

#include <v24ini537.h> // External references from V24INI.C #include <t0ini537.h>
// External references from
//TOINI537.C

#include <rlt_int.h>

// External references for RLT INT.C

void main(void) {
v24ini 537() ;
timer0_init 537() ;
while (1) {
printf (“"Time = %d.%d”,clock.secs,clock.msecs) ;

}

if (P1 | 0x01)

clock run f1 = 1 ; // If button pressed start clock
}
else {
clock run f1 = 0 ; // If button released stop clock

}

if (P1 | o0x02) {

clock reset fl1 = 1 ; // If button pressed clear clock
1
}
/* Module Containing Timer0 Service Routine - RLT_INT.C */
#define _RLT INT /* Identify module name */

/* External References */
extern bit clock reset _fl // Flag to tell timer0 interrupt to
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// reset clock to zero

[ x** INTERRUPT SERVICE FOR TIMER O * k% [
void timer0O_int (void) interrupt 1 using 1

if (clock.msec++ == 1000) {
clock.sec++ ;
if (clock.sec == 60)
clock_sec = 0 ;

}
}
Takingtheincludefiles:
/* 1Include File For RLT_INT.C */

/* General, non-module specific definitions */
/* such as structure and union templates */

/* Clock Structure Template - Available To All Modules */
struct time { unsigned char secs ;
unsigned char msec ; } ;

#ifdef _RLT_INT_

/* Original declarations - active only in home module */
/* Create XDATA Structure */

struct time =xdata clock ;

bit clock run f1 = 0 ; // Flag to tell timer0 interrupt to stop clock

#else

/* External References - for use by other modules */

extern struct time xdata clock ;

extern bit clock run fl = 0 ; // Flag to tell timer0 interrupt to stop clock
#endif

/* Include File For MAIN.C */
#ifdef _MAIN_
/* Local Data Declaration */

bit clock run fl = 0 ; // Flag to tell timer0 interrupt to stop clock
#else

/* External References - for other modules */

extern bit clock run fl ; // Flag to tell timer0 interrupt to stop clock
#endif

/* Include File For V24INI537.C */
#ifdef _V24INI537_

/* Original Function Prototype - for wuse in V24INI537.C */
void v24ini_537(void) ;

#else

/* External Reference - for use in other modules */

extern void v24ini_ 537 (void) ;

#endif

Now, shouldany new global databeaddedto, for example, RLT_INT.C, addingtheoriginal declaration above the" #endif”
and the external version below, this makesthe new item instantly available to any other module that wantsit.

To summarise, the basic source moduleformat is;

#define _MODULE_
#include <modl.h>#include <mod2.h?

functions ()

Theincludefileformatis:

/* General, non-module specific definitions such as structure and union templates */
#ifdef _MODULE_

/* Put original function prototypes and global data declarations here */

#else

/* Put external references to items in above section here */

#endif
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Standar d M oduleL ayoutsFor C51

To helpintegrate this program construction method, the following standard source and header modul es shown overleaf

may be used.

Standar d SourceM oduleTemplate

#define STD

/* Define home module name */
Kk ok ko k kR kR Rk k ko k kK k Rk kK kR kK kR kK k Kk kK kK

***********************************************************/

/* Project: X */

/* Author: X Creation Date: XX\XX\XX */
/* Filename: X Language: X */

guag

/* Rights: X Rights: X */
/* */
/* Compiler: X Assembler: X */
/* Version: X.XX Version: X.XX */
ARk k kA ok kA k Rk kK Rk ok kR k Rk kK kK kR kR kR kK
/* Module Details: */

ARk k ko k kA k Rk kK Kk ok kK k Rk kK kR kR kR kK k Kk kK kK
/* Purpose: */
/* */
/* */
/* */
Kk ok ko k kR Rk kR ko k ko kK k Rk kK kK kR kK k Rk kK kK

/* Modification History
Kk ok ko k kR Rk kR ko k ko kK k Rk kK kK kR kK kR k kK kK

/* Name: X Date: XX\XX\XX */
/* Modification: X */
/* */

/* Name: X Date: XX\XX\XX */
/* Modification: X */
/* */
/* Name: X Date: XX\XX\XX */
/* Modification: X */

/* */
ARk k kA k kA k Rk kK Rk k Rk kK kK Ak Rk kK kK kR kK
ARk k ko k kA k Rk k ko Rk kR k Rk kK kR kA k Kk kK kK
/* External Function Prototypes

Ak Rk ok ko k kA k Rk kK ok kK k Rk kK kK Ak Rk kR kK kR kK
#include “.h”

/* Standard ANSI C header files

ARk k kA ok kA kK ko kK ok kK k Rk kK kK kR kR kR K kK
/* Global Data Declarations */
ARk ko k kA ok kA kR ko kK Rk ok kR k Rk kK kK Rk Rk kR kK kK kK
#include “.h”

/* Home header file */
ARk kR k kA ok kA kR ko k kR kR k Rk kK kK Kk Rk k Rk kK kK
/* External Declarations */
Rk k ko k kA k kA kR ko kK Rk ok kR k Rk kK kK kR kR kK kK kK
#include “.h”

/* Header files for other modules */
ARk Rk k kA Rk Rk Rk kK Rk ok kR k Rk kR kR kK kK kR kK kK

/* Functions Details: */
ARk ko k ko k kA k Rk kK Rk k Rk kK kK Kk Rk kR kK kK
/* Function Name: */
/* Entered From: */
/* Calls: */

ARk k kA Rk Rk Rk kK Rk ok kR k Rk kR kK Ak Rk kR kK kK kK

J Rk Rk kA k ok ok kA k Rk kR k Rk kK k Rk kK k Rk kK kk Kk k
/* Purpose: main loop for training program */
/* */

/**********************************************************/

/* Resource Usage: */
/* */
/* CODE CONST DATA IDATA PDATA */
/* n/a n/a n/a n/a n/a */
/* */
/* Performance: */
/* Max Runtime: Min Runtime: */

/* */
/* */
ARk ko k kR kA kR ko kK Ak Rk Kk Rk kR kK kR kA k Rk kK kK
/* Executable functions

Ak Rk ok ko k kA k Rk kK Kk Rk Kk Rk kR kR kK Kk Rk k Rk kK kK
ARk ko k ko k kA kR ko kK kK k Rk kK kR kK kK k Rk kK kK

/* End Of STD.c */

/**********************************************************/

StandardIncludeHeader FileTemplate

/*********************************************************/

/* Project: X */
/* Author: X Creation Date: XX\XX\XX */
/* Filename: X Language: X */
/* Rights: X Rights: X */
/* */
/* Compiler: X Assembler: X */
/* Version: X.XX Version: X.XX */

/*********************************************************/

/* Modification History

Rk ko k kA Rk k Rk kK kR kR k Kk kK kR kA kR kK ko k ok k
/* Name: X Date: XX\XX\XX */
/* Modification: X */
/* */
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/* Name: X Date: XX\XX\XX */

/* Modification: X */
/* */
/* Name: X Date: XX\XX\XX */
/* Modification: X */
/* */
Rk kA Rk Ak ko kK Rk Rk kR kK kR kA k Rk Kk Kk kKA kkk
Rk kA R kA k Rk kKR kR kA kR kK kR kA k Rk Kk Kk kKA k Rk
/* Global Definitions */

/*********************************************************/

/* Structure and union templates plus other definitions */

#ifdef _STD_

/* Check for inclusion in home module */

Rk kA Rk Ak Rk kK Rk Rk Ak Rk kK kR kR k Rk Kk Kk kKA k Rk
Rk kA ok kR k ko kK Rk Rk kR kK kR kR kR kK kK kR kA Kk kk

/* Within Module Function Prototypes */

Rk kA Rk Ak ko kK Rk Rk Ak Rk kK Kk Rk kR kK kK kR kA Kk kk

/* Function prototypes from home module */
Rk ko k kK kR ko kK Rk Rk kK kK kR kK k Rk kK kR kA Kk kk

/* Within Module Data Declarations */

Rk kA R kR k Rk kK Rk Rk Ak Rk kK kR kK kR kK kK Kk kA Kk kk

/* Data declarations from home module */

Rk kA ok kK k ko kK Rk Rk kR kK kR kR k Rk kK kR kA Kk kk
#else

ARk kA ok kR k ko kKR kR kA k Rk kK kR kK k Rk Kk Kk kKA kkk
Rk kA Rk Kk ko kK Rk Ak Rk kK kR kK kR Kk Kk kK Ak kk

/* External Function Prototypes */

/*********************************************************/

/* External function prototypes for use by other modules */
Rk kA R kA k ok ko k kR Rk Ak Rk kK kR kK k Rk Kk Kk kKK kkk

/* External Data Declarations */
Rk kA Rk Ak ok ko k kR kR kA kR kK Rk Rk kR kK kR kA Kk kk

/* External data definitions for use by other modules */
Rk kA Rk Rk Rk kK Rk Rk Ak Rk kK kR kK kR kK Kk kA Kk kk

#endif

Summary

Provided the necessary module name defines are added to the first line of any new module and the new globals placed
intotheassociated “.h” file, theoverall amount of editing required over amajor project isusefully reduced. Compilation
and, more particularly, linking errors are reduced asthereiseffectively only one external referencefor each global item
in the entire program. For structures and unions the template only appears once, again reducing the potential for
compilationandlinking problems.

4.4 Task Scheduling

4.4.1 8051 Applications Overview

Whenmost peoplefirst start tolearnto program, BASI Cisused onaPC or similar machine. Theprogramsarenot usually
too complicated; they start when you type“RUN” and finish at END or STOP. In between, the PC istotally devoted to
executingyour“HELLOWORLD” program. Whenitisfinishedyouaresmply thrownback totheBA S| Ceditor/” operating
environment”.

All thisisvery good andyouthink younow know how to program. However, whenwriting for anembedded microcontroller
likethe 8051, theproblem of wheredoesthe program start and finish suddenly presentsitself. Theaverage8051 software
system consists of many individual programs which, when executed together, contribute towards the fulfilment of the
overall system objective. A fundamental problem isthen how to ensure that each part is actually run.

4.4.2 Simple 8051 Systems

The simplest approach isto call each major sub-function in asimple sequential fashion so that after agiven time each
function has been executed the same number of times. This constitutes a“background loop”. Intheforeground might
beinterrupt functions, initiated by real time events such asincoming signals or timer overflows.

Dataisusually passed from background to foreground viaglobal variables and flags. This essentially simple program
model can be very successful if some careistaken over the order and frequency of execution of particular sections.

The background-called functions must be written so that they run a particular section of their code on each successive
entry from the background loop. Thus each function is entered, adecision istaken asto what to do thistime, the code
isexecuted and finally the program is exited, probably with some special control flags set up to tell the routine program
what to do next time. Thus each functional block must maintain its own control system to ensure that the right codeis
run on any particular entry.
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In this system all functional blocks are considered to be of equal importance and no new block can be entered until its
turn is reached by the background loop. Only interrupt routines can break this, with each one having its own priority.
Should ablock need acertaininput signal, it can either keep watching until thesignal arrives, soholdingupall other parts,
or it canwait until the next entry, next timeround theloop. Now thereisthe possibility that the event will have been and
gone before the next entry occurs. Thistype of systemisOK for situations where the time-critical parts of the program
aresmall.

Inreality many real-timesystemsarenotlikethis. Typically they will consi st of somefrequently-used code, theexecution
of whichiscaused by or causes somereal-world event. Thiscodeisfed datafrom other partsof the system, whose own
inputs may be changing rapidly or slowly.

Code which contributesto the system’ s major functionality must obviously take precedence over those sectionswhose
purposeisnot critical tothesuccessful completion of thetask. However most embedded 8051 applicationsarevery time-
critical, with such partsbeing attached tointerrupts. Theneedto serviceasmany interruptsasquickly aspossiblerequires
that interrupt coderuntimesareshort. Withmost real-world eventsbeing asynchronous, thesystemwill ultimately crash
when too many interrupt requests occur per unit time for the cpu to cope with.

Fast runtimes and hence acceptable system performance are normally achieved by moving complex functionsinto the
backgroundloop, leavingthetime-critical sectionsininterrupts. Thisgivesrisetotheproblem of communication between
background code and its dependant interrupt routine.

Thesimplesystemisvery egalitarian, with all partstreated inthe sameway. When the cpu becomesvery heavily loaded
with high speedinputs, itislikely that major sub-functionswill not be run frequently enough for thereal-world interrupt
codeto be ableto run with sufficiently up to date information from the background. Thus, system transient responseis
degraded.

4.4.3 Simple Scheduling - A Partial Solution

Theproblemsof thesimpleloop system can bepartially solved by controlling theorder and frequency of functioncalling.
Oneapproachisto attach apriority to each function and allow each function to specify the next oneto be executed. The
real-world driveninterrupt functionswoul d overridethissteady progression so that the most important (highest priority)
jobs are executed as soon asthe current job iscompleted. Thiskind of system canyield useful results, provided that no
single function takes too long.

An aternativeisto control overall execution from areal timeinterrupt so that each job isallocated a certain amount of
timein which to run. If atimeout does occur, that task is suspended and another begins.

Unfortunately all thesetend to be bolt-ons, added latein aproject when run timesare getting too long. Usually what had
been awell-structured program degenerates into spaghetti code, full of fixes and special modes, designed to overcome
the fundamental mismatch between the demands of real time events and the response of the program. Moreover, the
individual control mechanismsof thecalled functionsgeneratean overhead which simply contributesto theruntimebottl e-
neck.

Thereadlity isthat real time eventsare not orderly and predictable. Somejobs are naturally moreimportant than others.
However inconvenient, the real world produces events that must be responded to immediately.

4.4.4 APragmatic Approach

Without resorting to a full real time executive like RTX51, what can be done?

A simple mechanism to control the running of the background loop can be asimple switch statement, with the switch
variablecontrolled by someexternal real timeevent. |deally thisshould bethehighest priority interrupt routine. Thehigh
priority background tasks are placed at the top case, with lower priority taskslocated further down the case statement.
Thus, on every occurrence of the interrupt, the switch is set back to the top. As the background tasks execute, they
increment the switch. If theinterrupt isabsent for long enough, the switch will reach thelowest level and then returnto
the highest level automatically.

Shouldtheinterrupt occur at level 2, the switch variableisforced back to zero and so tasksat thelowest levelsaresimply
missed. Thisisby no means an ideal system, since only the top level is ever executed.given a high enough interrupt
frequency.
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However under normal conditionsit isauseful way of ensuring that low priority tasks are not executed frequently. For
exampl e, therewould belittlepoint inmeasuring ambi ent temperature morethan onceper second. Inatypical systemthis
measurement might be at level 100 in aswitch scheduler.

Tobeableto makeajudgement about how best to structurethe program, itisvital to know the runtimesfor each section.

Wherethissimplemethodfallsdowniswhenalow priority task hasalongruntime. Eventhoughtheinterrupt hasrequested
that the loop returns back to the top level to calculate more data, there isno way of exiting thetask until completed. To
do so requiresaproper time-slice mechanism.

A useful dodge can beto utilise an unused interrupt to guarantee that high priority taskswill berun ontime. By setting
the unused interrupt pending flag within the exiting high priority interrupt routine and placing the background task into
the corresponding service routine, the punctual execution of the second task will occur. Of course, the unused interrupt
priority must be set to alower priority in the appropriate interrupt priority register(s).

Themost important factor overall isto keep run timesasshort aspossible, particularly ininterrupt routines. Thismeans
making full use of C51 extensionslike memory-specific pointers, special function bitsand local regsiter variables.
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5 CLanguage Extensions For 8051 Programming

8051 programming is mainly concerned with accessing real devices at specific locations, plus coping with interrupt
servicing. C51 has made many extensionsto the C language to allow near-assembler code efficiency. The main points
are now covered.

5.1 Accessing 8051 On-Chip Peripherals

In the typical embedded control application, reading and writing port data, setting timer registers and reading input
captures etc. are commonplace. To cope with thiswithout recourseto assembler, C51 hasthe special datatypes sfr and
shit.

Typical declarationsare:

sfr PO 0x80

sfr P1 0x81

sfr ADCON; OxDE
sbit EA 0x9F

and so on.

Thesedeclarationsresidein header filessuch asreg51.h for thebasic 8051 or regs552.h for the 80C552 and so on. Itisthe
definition of sfrsinthese header filesthat customisesthe compiler to thetarget processor. Accessing the sfr dataisthen
asimplematter:

{

ADCON = 0x08 ; /* Write data to register */

Pl = OXxFF ; /* Write data to Port */

io_status = PO ; /* Read data from Port */

EA = 1 ; /* Set a bit (enable all interrupts) */

}

It isworth noting that control bitsin registerswhich are not part of Intel’ soriginal 8051 design generally cannot be hit-
addressed.

Theruleisusually that addressesthat are divisible by 8 are bit addressable. Thusfor example, the serial Port 1 control
bitsin an 80C537 must be addressed via byte instructions and masking.

Always check the processor’s user manual to verify which sfr register bits can be bit addressed.

5.2 Interrupts

Interrupts play an important part in most 8051 applications. There are several factors to be taken into account when
servicing an interrupt:

0] The correct vector must be generated so that the routine may be called. C51 does this automatically.

(i)  Thelocal variablesin the service routine must not be shared with locals in the background loop code: the L51
linker will try to re-uselocations so that the same byte of RAM will have different significance depending on
which functioniscurrently being executed. Thisis essential to make best use of the limited internal memory.
Obviously thisrelieson functions being executed only sequentially. Unexpected interrupts cannot therefore use
the same RAM.
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5.2.1 The Interrupt Function Type

To allow C coding of interrupts a special function typeis used thus;

timer0_int () interrupt 1 wusing 2

{

unsigned char templ ;
unsigned char temp2 ;
executable C statements ;

}

Firstly, theargument of the“interrupt” statement, “ 1" causesavector to be generated at (8* n+3), wherenistheargument
of the“interrupt” declaration. Herea“LJMPtimerQ_int” will be placed at location O0BH inthe code memory. Any local
variables declared in the routine are not overlaid by the linker to prevent the overwriting of background variables.

Logically, withaninterrupt routine, parameters cannot be passed toit or returned. When theinterrupt occurs, compiler-
inserted codeisrunwhich pushesthe accumulator, B,DPTR and the PSW (program statusword) onto the stack. Finally,
on exiting the interrupt routine, theitems previously stored on the stack are restored and the closing “}” causesa RETI
to be used rather than anormal RET.

5.2.2 Using C51 With Target Monitor Debuggers

Many simple 8032 target debuggers place the monitor’s EPROM code at 0, with aRAM mapped into both CODE and
XDATA spacesat 0x8000. Theuser’ sprogramisthenloadedintothe RAM at 0x8000 and, asthe PSEN isANDed with
the RD pin, the program isexecuted. This poses something of aproblem asregardsinterrupt vectors. C51/L51 assume
that thevectorscan beplaced at 0. Most monitorsfor the8032 foreseethisproblem by redirectingall theinterrupt vectors
upto0x8000and above, i.e. they add afixed offset of 0x8000. Thusthetimer O overflow interruptisredirected by avector
at C:0x000B toC:0x800B.

Before C51 v3.40 theinterrupt vector generation had to be disabled and assembler jumps had to be inserted. However
now the INTVECTOR control has been introduced to allow the interrupt vector areato be based at any address.

Inmost casesthevector areawill start at 0x8000 sothat thefamilar “8* n+3” formulaoutlinedinsection5.2.1 effectively
becomes:

8*n+3+INTVECTOR

To usethis:
#pragma INTVECTOR (0x8000) /* Set vector area start to 0x8000 */
void timer0O_int (void) interrupt 1 {

/* CODE...*/

}

Thisproducesan LIMPtimerQ_int at address C:0x800B. Theredirection by the monitor from C:0x000B will now work
correctly.

5.2.3 Coping Interrupt Spacings Other Than 8

Some 8051’ s do not follow the normal interrupt spacing of 8 bytes- the‘8' inthe8* n+ 3 formula. Fortunately the
“INTERVAL #pragma’ copeswiththis.

Theinterrupt formulais, inreality:

INTERVAL * n+INTVECTORandso:

#pragma INTERVAL(6) /* Change spacing */

will allow a6 byte spacing.

Please note that for convenience INTERVAL defaultsto 8 and INTVECTOR to 0x80000!
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5.2.4 The Using Control

The“using” control tellsthe compiler to switch register banks. Thisisan areawherethe 8051 architectureworksfor the
compiler rather than against it; the registers RO to R7 are used extensively for the temporary storage of library routines
andfor locals. Ordinarily Bank 1isused. However, to be ableto usethis standard codein an interrupt the register bank
must be switched to 2 in the above example. Thusthe variables of the interrupted routines are preserved. See section
5.3 on use of register banks and the USING statement.

Asaruleinterruptsof the same priority can sharearegister bank, sincethereisnorisk that they will interrupt each other.

If interrupt runtimeisnotimportant the USING canbeomitted, inwhich case C51 examinestheregi sterswhichareactual ly
used within the routine and pushes only these onto the stack. This obviously increases the effective interrupt latency.
Seethe next section for more details.

5.3 Interrupts, USING, Registerbanks, NOAREGS In C51 - Everything You Need
To Know

Interrupts play an important part in most 8051 applications and fortunately, C51 allows interrupt service routinesto be
writtenentirely in C. Whilst you canwrite perfectly workabl e (and safe) programsby using just straight ANSI C, you can
significantly improve the efficiency of your code by gaining an understanding of the following special C51 controls:

- INTERRUPT

- USING

- NOAREGS

- RE-ENTRANT

- REGISTERBANK

5.3.1 The Basic Interrupt Service Function Attribute

Thecorrect vector must begenerated sothat theroutinemay becalled. C51 doesthisbased ontheargument totheinterrupt
keyword. Thelinkerthereafter doesnotallowlocal datafrominterrupt routinestobeoverlaidwiththat fromthebackground
by creating special sectionsin RAM.

C51 specia "interrupt” function attribute example:
/* Timer 0 Overflow Interrupt Service Routine */
timer0 int() interrupt 1

unsigned char templ ;

unsigned char temp2 ;

/* executable C statements ; */

}

- The“interrupt 1" causesavector to be generated at (8* n+3), wherenistheargument of the“interrupt” declaration. An
“LIMPtimer0_int” will beplaced at location OBH inthe code memory.

- Local variablesdeclaredintheroutinearenot overlaid by thelinker to prevent the overwriting of background variables.

- Whentheinterrupt occurs, compiler-inserted codeisrunwhich pushestheaccumulator, B,DPTR and the PSW (program
status word) onto the stack if used in function, along with any registers RO-R7 used in the function.

- A RETI isinserted at the end of the function rather than RET.

Takinganempty interrupt servicefunctionfor thetimer O overflow interrupt, thisishow C51 startsoff aninterrupt routine
that uses no registers at all:

timerQ_int Entry Code
; void timeroO_int(void) interrupt 1 {

RSEG ?PR?timer0_int ? TIMERO
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USINGO
timer0_int:
SOURCE LINE # 2

7

If afunction, here called “sys interp” isnow called from the timerQ service function, thisis how the entry code to the
interrupt changes.

timerQ_int Entry CodeNow With Called Function
{

void timer0O_int (void) interrupt 1

7

RSEG
USINGO

?PR?timer0_int? TIMERO

timer0_int:
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

ACC
B

DPH
DPL
PSW
ARO
AR1
AR2
AR3
AR4
ARS
ARG
AR7

Notethat theentire current registerbank is pushed onto the stack when entering timerQ_int() as C51 assumesthat all will
be used by sys interp.

Sys interpreceivesparametersinregisters; if theentry tosys interpisexamined, animportant compilertrick isreveal ed:
sys interp() Entry Code

; unsigned char sys_interp(unsigned char x_ value,
RSEG
USINGO

_sys_interp:
MOV y_value?10,R5
MOV map_base?10,R2
MOV map_base?10+01H,R3

;j— Variable ‘'‘x value?10’ assigned to Register

MOV R1,AR7

?PR?_sys_interp? INTERP

‘R1’

Theefficient MOV of R7toR1by using AR7 allowsaMQV direct, direct onentry tosys_interp(). Thisisabsoluteregister
addressing and is a useful dodge for speeding up code.

5.3.2 The absolute register addressing trick in detail

The situation often arises that the contents of one Ri register needs to be moved directly into another general purpose
register. Thisusually occursduring afunction’ sentry codewhen apointer ispassed. Unfortunately, Intel did not provide
aMOV Reg,Reg instruction and so Keil usethetrick of treating aregister as an absolute D: segment address:
Smulating A MOV Reg,Reg Instruction:;

Inregisterbank O - MOV R0O,AR7,1s identical to - MOV RO,07H.

Implementing a“ MOV Reg,Reg” instruction the long way:

XCH
MOV

A,R1
A,R1

Theuse of thistrick means however, that you must make sure that the compiler knowswhich isthe current registerbank
in use so that it can get the absolute addresses right. 1f you use the USING control, problems can arise!
See the next few sections..
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5.3.3 The USING Control

“using” tellsthe compiler to switch register banks on entry to an interrupt routine. This“context” switch isthe fastest
way of providing afresh registerbank for an interrupt routine' slocal dataand isto be preferred to stacking registersfor
very time-critical routines. Notethat interrupts of the same priority can share aregister bank, sincethereisno risk that
they will interrupt each other.

8051 Register Bank Base Addresses

RO ARO Absolute Addr. 0x00 REGISTERBANK 0
R1 AR1

R2 AR2

R3 AR3

R4 AR4

R5 ARS

R6 ARG6

R7 AR7

RO Absolute Addr. 0x08 REGISTERBANK 1, “USING 1”
R1

R2

R3

R4

R5

R6

R7

RO Absolute Addr. 0x10 REGISTERBANK 2, “USING 2”
R1

R2

R3

R4

R5

R6

R7

RO Absolute Addr. 0x18 REGISTERBANK 3, “USING 3”
R1

R2

R3

R4

R5

R6

R7

If aUSING 1isadded to thetimerl interrupt function prototype, the pushing of registersisreplaced by asimple MOV
to PSW to switch registerbanks. Unfortunately, while the interrupt entry is speeded up, the direct register addressing
used on entry to sys interp fails. Thisisbecause C51 has not yet been told that the registerbank has been changed. If
no working registersare used and no other functioniscalled, the optimizer eliminiatesteh codeto switch register banks.

timer0_int Entry CodeWithUSING

WithUSING 1
; void timer0_int (void) interrupt 1 wusing 1 {

RSEG ?PR?timer0_int? TIMERO

USING1 < New register bank now
timer0_int:

PUSH ACC

PUSH B

PUSH DPH

PUSH DPL

PUSH PSW

MOV PSW, #08H

sys interp() Entry Code
Sill using registerbank 0

; unsigned char sys_interp(unsigned char x value,

RSEG ?PR?_sys_interp? INTERP
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USINGO
_sys_interp:
MOV y_value?10,R5
MOV map_base?10,R2
MOV map_base?10+01H,R3
;j— Variable ‘'x value?10’ assigned to Register ‘R1’ —
MOV R1,AR7 < FAILS!!!!

Absolute register addressing used assuming registerbank 0 is still current and so program fails! (Solutionsin 5.3.6-8).

5.3.4 Notes on C51's "Stack Frame"

C51 uses adegree of intelligence when entering interrupt functions. Besides the obvious step of substituting RETI for
RET at the end of the function, it automatically stacks only those registers that are actually used in the function.

There are however, some points to be aware of:

-If aninterrupt function callsafunction, C51 will stack all theRi registers, regardl essof whether they areused or not. The
total timeto PUSH and POPtheseis 16usat 12MHz, which may be viewed as unacceptablefor atimecritical interrupt.

Thereforeyou should either avoid calling functionsor usethe USING control. Thiswill do asimpleregisterbank switch
at theentry and exit fromtheroutine. AsthePUSHING of registersonto thestack usesthesameoverall number of DATA
locations, thereisno differencein overall RAM usage.

- Any variable declared within an interrupt function will not be overlaid onto background data or that originating from
other interrupts.

- Never call an interrupt function from the background. There is sometimes a temptation to do this during program
initialisation, for example. Thelinker will get very confused andwill quitelikely makedangerousmistakeslikeoverwriting
background variables!

- Usingthe USING control will generally consume more RAM than simply PUSHIng registersonto the stack: inthe case
wheretheinterrupt function employslessthan 8 registers, 8- <number of registersactually used>will bewasted. Thus
thereisno virtuein avoiding the USING control!

- Interrupts of equal priority can share the same register bank as there is no chance of them interrupting each other.
5.3.5 When To Use USING

- Interrupts which must run asfast as possible, regardliess of overall RAM usage.

- Interrupts which call other functions.

5.3.6 The NOAREGS pragma

Dealing With C51' s Absolute Register Addressing.

Ashasbeen pointed out, the 8051 hasno MOV Register, Register instruction so the compiler usesMOV R1,AR7 where
ARY7 isthe absolute address of the current R7. To do thisthough, the current registerbank number must be known. 1f

afunctioniscalledfromaninterrupt whereausingisinforce, when compiling acalled functionthecompiler must betol d:

(i) nottouseabsol uteregister addressing with#pragmaNOAREGS control beforethefunction, and#pragmaRESTORE
or #pragmas AREGS control enter the function.

Or:
(i) thecurrent registerbank number with#pragmaREGISTERBANK (n).
For (i), applying NOAREGStothesys _interpfunctionremovestheMOV R7,AR7, replacingit withanawkward moveof

R7toR1using XCH A ,Ri!
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timerQ_int Entry Code
; void timer0O_int (void) interrupt 1 using 1 {

RSEG ?PR?timer0_int?TIMERO
USING 1
timer0_int:
PUSH ACC
PUSH B
PUSH DPH
PUSH DPL
PUSH PSW
MOV  PSW, #08H

sys interp() Entry CodeWithNOAREGS
; unsigned char sys_interp(unsigned char x value,
RSEG ?PR?_sys_interp? INTERP
USING O
_sys_interp:
MOV y_value?10,R5
MOV map_base?10,R2
MOV  map_base?10+01H,R3
j— Variable ‘x value?10’ assigned to Register ‘R1’ —

XCH A,R1 ;
MOV  A,R7 ; Slow Reg to Reg move

5.3.7 The REGISTERBANK Control Alternative To NOAREGS

#pragmaREGISTERBANK (n) tellsC51 theabsol uteaddressof thecurrent“ using” registerbank basesothat direct register
addressingwill work.

EXAMPLE:
/* Timer 0 Overflow Interrupt Service Routine */
timer0 int() interrupt 1 USING 1

unsigned char templ ;
unsigned char temp2 ;

/* executable C statements */

}

Called function:

#pragma SAVE // Rember current registerbank
#pragma REGISTERBANK (1) // Tel C51 base address of current registerbank.
void func(char x) { // Called from interrupt routine
// with “using 1”
/* Code */
}
#pragma RESTORE // Put back to original registerbank

Applying#pragmaREGISTERBANK (1) tosys interp() restoresabsol uteregi ster addressing asC51 now knowsthebase
address of the current register bank.

Note: Alwaystry to usethe REGI STERBANK(n) control for any functions called from an interrupt with a USING!

sys interp() Entry CodeWithREGISTERBANK (n)
; unsigned char sys_interp(unsigned char x value,

RSEG ?PR?_sys_interp? INTERP
USING 1
_sys_interp:
MOV y_value?10,R5
MOV map_base?10,R2
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MOV map_base?10+01H,R3
;j— Variable ‘'‘x value?10’ assigned to Register ‘R1’ —
MOV R1,AR7

5.3.8 Summary Of USING And REGISTERBANK

Expressed in psuedo-code!
if (interrupt routine = USING 1) {

subsequently called function uses #pragma REGISTERBANK(1)

}

Note: subsequently called function must now only be called from functions using register bank 1.

5.3.9 Reentrancy In C51- The Final Solution

Inadditiontocallingafunctionfrominterrupt, itisal so sometimesnecessary to call thesamefunctionfromthebackground
aswell. Thisleavesthe possihility open that thefunction may be called fromtwo placessimultaneously with disasterous
results!

Theattributerequiredto permit afunctionto besafely called both from background and i nterrupt routinessimultaneously
is“reentrant”. This can also help in the previous situation of afunction being called from an interrupt. Thelinker’'s
“MULTIPLE CALL TO SEGMENT” warning isthefirst sign that you may betrying to use afunction reentrantly.

Duetotheway that C51 allocates storagefor local variablesand parameters, it isnot possibleto call afunctionfrom both
an interrupt and the background loop. To alow only those functions to be used reentrantly that really need to be, itis
possible to specify the reentrant attribute when declaring afunction.

The?C_IBPvaueset upin startup.a51 tells C51 whereto locate the artificial stacks used for reentrant functions. Each
timeareentrant functioniscalled, itsincoming parameters are moved from the registersin which they were passed into
anareaof RAM, starting at theaddressindicated by ?C_IBP. Likewise, any local variablesused by thereentrant function
are also alocated a place on this special stack.

When startup.a51 is executed before main(), theline:

IF IBPSTACK <> 0

EXTRN DATA (?C_IBP)
MOV ?C_IBP,#LOW IBPSTACKTOP
ENDIF

initialises?C_IBPtothevalueof IBPSTACKTOPthat you set up earlier. Aseachlocal is“pushed” onto the reentrant
stack, ?C_IBPisdecremented. Thusif aninterrupt occurswhichcallsthefunctionagain, thenew call will startitsreentrant
stack from the current 2C_IBP value. Thereafter, any local data or parameter is accessed by the code sequence:

Get alocal variable at offset 2 from the current base of the re-entrant stack:

MOV RO,?C_IBP ; Get stack base
MOV A, @RO ; Add offset of 1local
ADD A,#002 ;
MOV A, @RO ; Get 1local via indirect addressing.
MOV R7,A ; Store value whilst other 1local is
; accessed.

Onleaving thefunction, ?C_IBPisrestored to entry value by adding thetotal number of localsand parametersthat were
used. Thisrepresentsavery large overhead and showswhy reentrancy should only be used where absol utely necessary.

EXAMPLE:
The Reentrant Stack When Located In The IDATA Area
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oxff
Oxfe
oxfd
Ooxfc

0xfb
Oxfa
oxf9
oxfs8
oxf7

oxfe
0xf5
oxf4
0xf3
oxf2

oxf1l
0xfo
Oxef
Oxee

sys_interp
sys_interp
sys_interp
sys_interp

sys_interp
sys_interp
sys_interp
sys_interp
sys_interp

sys_interp
sys_interp
sys_interp
sys_interp
sys_interp

parameter 0
parameter 1
parameter
parameter

parameter 0
parameter 0
parameter 1

call from background:
?C_IBP = Oxfc

parameter 2L
parameter 2H — call from timer0
interrupt: ?C _IBP = O0x£f7

parameter 0
parameter 0
parameter 1
parameter 2L
parameter 2H

call from background
?C_IBP = Oxf2

?C_IBP acts as a base pointer to the reentrant stack and is used to access all localsin areentrant function.

Adding thereentrant attributeto sys_interp() still requiresthe NOAREGS control asthe registerbank has been changed
by USING 1. Asamatter of policy, any reentrant function should also have the NOAREGS control so that it becomes
totally registerbank-independent.

sys interp() Entry Code

i unsigned char

RSEG ?PR?_?interp_sub?INTERP

USINGO
_?interp_sub:

DEC ?C_IBP

DEC ?C_IBP

MOV RO, ?C_IBP

XCH A,@RO

MOV A,R2

XCH A,@RO

INC RO

XCH A,@RO

MOV A,R3

XCH A,@RO

DEC ?C_IBP

MOV RO, ?C_IBP

XCH A,@RO

MOV A, R5

XCH A,@RO

DEC ?C_IBP

MOV RO, ?C_IBP

XCH A,@RO

MOV A, R7

XCH A,@RO

DEC ?C_IBP

; SOURCE LINE # 22

sys interp() Exit Code

2C0009:
MOV
ADD
MOV
RET

; END OF

END

A,?C_IBP
A, #010H
?C_IBP,A

_?sys_interp

<— Restore

interp_sub(unsigned char x,

?C_IBP to original position

5.3.10 Summary Of Controls For Interrupt Functions

Providedthefollowing combinationsof control sareused, youwill avoidlinker warningsand potentially dangerouscode.
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Interrupt Function Attribute

No USING

USINGn

Interrupt Function Attribute

no USING

USING n

Called Function Attribute:

"non-reentrant"

no special attribute
required

USING n
or
#pragma REGISTERBANK (n)

or
#pragma NOAREGS

Called Function Attribute
"reentrant"
no register attribute

#pragma NOAREGS

5.3.11 Reentrancy And Library Functions

Themajority of C51library functionsarereentrant and can befreely used frominterruptsand background. However, some
larger library functions such as printf(), scanf() etc. are not reentrant. 1f you have used anon-reentrant library function

reentrantly, youwill geta“MULTIPLE CALL TO SEGMENT” warning, aswould beexpected.

“Hidden” library functions used to perform integer dividesand multipliesetc. are all reentrant so you can perform a 16/
16 divide in an interrupt without fear of upsetting the background.

ToSummarise:

Y oucangenerally uselibrary functionsreentrantly but alwayscheck the C51 manual section9to check whether afunction

is reentrant or not.
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6 Pointers In Cr1

Whilst pointerscan beused just asin PC-based C, there are several important extensionsto theway they areusedin C51.
Theseare mainly aimed at getting more efficient code.

6.1 Using Pointers And Arrays In Cs1

Oneof C'sgreatest strengths can also beits greatest weakness - the pointer. The use and, more appropriately, the abuse
of thislanguage featureislargely why C is condemned by some as dangerous!

6.1.1 Pointers In Assembler

For an assembler programmer the C pointer equates closely to indirect addressing. 1nthe 8051 thisis achieved by the
followinginstructions:

MOV RO, #40 ; Put on-chip address to be indirectly MOV A, @RO
addressed in RO

MOV RO, #40 ; Put off-chip address to be indirectly
MOVX A, @RO addressed in RO
MOVX A,@DPTR ; Put off-chip address to be indirectly

addressed in DPTR

CLR A
MOV DPTR, #0040 ; Put off-chip address to be indirectly MOVC A,@A+DPTR addressed in
DPTR

In each case the datais held in amemory location indicated by the value in registersto theright of the ' @’.
6.1.2 Pointers InCx1

The C equivalent of theindirect instruction isthe pointer. The register holding the addressto be indirectly accessed in
the assembler examplesisanormal C type, except that its purposeisto hold an addressrather than avariable or constant
datavalue.

Itisdeclared by:
unsigned char *pointer0 ;

Note the asterisk prefix, indicating that the data held in thisvariable is an address rather than a piece of data
that might be used in a calculation etc..

Inall casesin the assembler example two distinct operations are required:

0] Place address to be indirectly addressed in aregister.
(i) Use the appropriate indirect addressing instruction to access data held at chosen address.

Fortunately in C the same procedure is necessary, although the indirect register must be explicitly defined, whereasin
assembl er theregister existsin hardware.

/* 1 - Define a variable which will hold an address */
unsigned char *pointer ;

/* 2 - Load pointer variable with address to be accessedx/
/*indirectly */

pointer = &c_variable ;

/* 3 - Put data ‘0Oxff’ indirectly into c¢ variable via*/
/*pointer */

*pointer = Oxff ;
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Taking each operationin turn...

1. ReserveRAM toholdpointer. Inpracticethecompil er attachesasymbolicnametoaRAM location, just aswithanormal

variable.

2. Load reserved RAM with address to be accessed, equivalent to MOV RO,#40'. In English this C statement means:

“take the ‘address of' ¢_variable and put it into the reserved RAM, i.e, the pointer”
In this case the pointer’s RAM corresponds to RO and the ‘&’ equates loosely to the assembler ‘#'.

3. Movethedataindirectly into pointed-at C variable, as per theassembler ‘MOV A,@RO0'.

Theability to accessdataeither directly, x =y, orindirectly, x =*y_ptr, isextremely useful. HereisC example:

/* Demonstration Of Using A Pointer x/

unsigned char c_variable ; // 1 - Declare a c variable unsigned char
// 2 - Declare a pointer (not pointing at anything vyet!)
main() {
c_variable = Oxff ; // 3 - Set variable equal to Oxff directly
ptr = &c_variable ; // 4 - Force pointer to point at c_variable at run time
*ptr = Oxff ; // 5 - Move O0xff into c_variable indirectly

}

Note: Line 4 causes pointer to point at variable. An alternative way of doing thisisat compiletimethus:

/* Demonstration Of Using A Pointer x/

unsigned char c_variable; //1-Declare a c¢ variable
unsigned char *ptr = &c_variable; //2-Declare a pointer,
//c_variable during
main() {
c_variable = Oxff ; // 3 - Set variable equal to Oxff directly
*ptr = Oxff // 5 - Move Oxff into c_variable ndirectly

}

Pointers with their asterisk prefix can be used exactly as per normal datatypes. The statement:

could equally well perform with pointers, as per
char x, y ;

char *x ptr = &x ;

char *y ptr = &y ;

*x ptr = *y ptr + 3 ;

or:

X =y * 25 ;
*xX ptr = *y ptr * 25 ;

The most important thing to understand about pointersis that
*ptr = var ;

means “ set the value of the pointed-at address to value var”, whereas

ptr = &var ;
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means “ make ptr point at var by putting the address of (&) in ptr, but do not move any data out of var itself”.
Thustheruleistoinitialise apointer,
ptr = &var ;

To access the data indicated by *ptr ;

var = *ptr ;

6.2 Pointers To Absolute Addresses

Inembedded C, ROM, RAM and peripheral sareat fixed addresses. Thisimmediately rai sesthe question of how to make
pointers point at absolute addresses rather than just variables whose address is unknown (and largely irrelevant).

The simplest method is to determine the pointed-at address at compile time:
char *abs ptr = 0x8000 ; // Declare pointer and force to 0x8000 immediately

However if the address to be pointed at is only known at run-time, an alternative approach is necessary. Simply, an
uncommitted pointer is declared and then forced to point at the required address thus:

char *abs ptr ; // Declare uncommitted pointer

abs_ptr = (char *) 0x8000 ; // 1Initialise pointer to 0x8000 *abs ptr = Oxff ;
// Write Oxff to 0x8000

*abs ptr++ ; // Make pointer point at next location in RAM

Please see sections 6.8 and 6.9 for further details on C51 spaced and generic pointers.

6.3 Arrays And Pointers - Two Sides Of The Same Coin?
6.3.1 Uninitialised Arrays

Thevariablesdeclared via

unsigned char x ;
unsigned char y ;

aresingle 8-bit memory locations. Thedeclarations:

unsigned int a ;
unsigned int b ;

yield four memory locations, two allocated to ‘a’ andtwoto‘b’. Inother programming languagesit is possibleto group
similar typestogether in arrays. Inbasic an array iscreated by DIM a(10).

Likewise‘C’ incorporatesarrays, declared by:
unsigned char al[l10] ;

This has the effect of generating ten sequential locations, starting at the address of ‘a’. Asthereisnothing to theright
of the declaration, no initial valuesareinserted into the array. It therefore contains zero dataand servesonly to reserve
ten contiguous bytes.

6.3.2 Initialised Arrays

A more usual instance of arrayswould be;
unsigned char test_array [] = { 0x00,0x40,0x80,0xC0,0xFF } ;

wheretheinitia valuesare put in place beforethe program getsto “main()”. Notethat thesizeof thisinitialised array is
not given in the square brackets - the compiler works-out the size automatically.
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Another common instance of an array is analogous to the BASIC string as per:
A$ = “HELLO!”
In C this equates to:

char test arrayl[] = { “HELLO!” } ;

In Cthereisnoreal distinction between stringsand arraysasaC array isjust aseries of sequential bytes occupied either
by astring or a series of numbers. In fact the realms of pointers and arrays overlap with strings by virtue of :

char test array = { “HELLO!"” } ;
char *string ptr = { “HELLO!" } ;

Case 1 creates a sequence of bytes containing the ASCII equivalent of “HELLO!”. Likewisethe second case allocates
the same sequence of bytesbut in addition creates a separate pointer called *string_ptr toit. Noticethat the “unsigned
char” used previously has become*“char”, literally an ASCII character.

The second is really equivalent to:
char test array = { “HELLO!” } ;

Thenat runtime:

char arr ptr = test array ; // Array treated as pointer
or;
char arr _ptr = &test array([0] ; // Put address of first

// element of array into
// pointer

This again shows the partial interchangeability of pointers and arrays. In English, the first means “transfer address of
test_arrayintoarr_ptr”. Statinganarray nameinthiscontext causesthearray to betreated asapointer tothefirstlocation
of thearray. Hence no “address of” (&) or ‘*’ to be seen.

Thesecond casereadsas" get theaddressof thefirst element of thearray nameand putitintoarr_ptr”. Noimplied pointer
conversion is employed, just the return of the address of the array base.

Thenew pointer “*arr_ptr” now exactly correspondsto * string_ptr, except that the physical “HELLO!” they pointatis
at adifferent address.

6.3.3 Using Arrays

Arraysaretypically used likethis:

/* Copy The String HELLO! Into An Empty Array */
unsigned char source arrayl[] = { “HELLO!” } ;
unsigned char dest_arrayl[7];

unsigned char array_index ;

unsigned char

array index = 0 ;

while (array index < 7) { // Check for end of array

dest_arraylarray index] = source_arraylarray_ index] ;
//Move character-by-character into destination array

array_index++ ;

}

Thevariable array_index shows the offset of the character to be fetched (and then stored) from the starts of the arrays.
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As has been indicated, pointers and arrays are closely related. Indeed the above program could be re-written thus:
/* Copy The String HELLO! Into An Empty Array */

char *string ptr = { “HELLO!” } ;
unsigned char dest_array[7] ;
unsigned char array_ index ;
unsigned char

array index = 0 ;
while (array index < 7) { // Check for end of array
dest_arrayl[array index] = string ptrlarray index] ; // Move character-by-character into

destination array.
array_index++ ;

}

The point to note is that by removing the ‘** on string_ptr and appending a ‘[ ]’ pair, this pointer has suddenly
become an array! However in this case there is an alternative way of scanning along the HELLO! string, using the
*ptr++ convention:

array index = 0 ;
while (array index < 7) { // Check for end of array

dest_arraylarray index] = *string ptr++ ; // Move character-by-character into
destination array.
array index++ ;

}

Thisisan example of C being somewhat inconsistent; this* ptr++ statement does not mean “increment the thing being
pointedat” but rather, increment thepointer itself, so causingit to point at thenext sequential address. Thusintheexample
the character is obtained and then the pointer moved along to point at the next higher address in memory.

6.3.4 Summary Of Arrays And Pointers

Tosummarise:

Create An Uncommitted Pointer

unsigned char *x ptr ;

Create A Pointer To A Normal C Variable
unsigned char x ; unsigned char *x ptr = &x ;
Create An Array With No Initial Values
unsigned char x arr([10] ;

Create An Array With Initialised Values
unsigned char x arr([] = { 0,1,2,3 } ;
Create An Array In The Form Of A String
char x arr([] = { “HELLO” } ;

Create A Pointer To A String

char *string ptr = { “HELLO" } ;
Create A Pointer To An Array
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char x_arr[] = { “HELLO” } ; char *x ptr = x_arr
Force A Pointer To Point At The Next Location

*ptr++
6.4 Structures

Structures are perhaps what makes C such apowerful language for creating very complex programswith huge amounts
of data. They are basically away of grouping together related dataitems under asingle symbolic name.

6.4.1 Why Use Structures?

Hereisanexample: A pieceof C51 softwarehadtoperformalinearisation processontheraw signal fromavariety of pressure
sensors manufactured by the same company. For each sensor to be catered for there is an input signal with a span and
offset, atemperaturecoefficient, thesignal conditioningamplifier, againand offset. Theinformationfor each sensor type
could be held in “normal” constants thus:

unsigned char sensor typel gain = 0x30 ;
unsigned char sensor typel offset = 0x50 ;
unsigned char sensor typel temp coeff = 0x60 ;
unsigned char sensor typel span = 0xC4 ;
unsigned char sensor typel amp gain = 0x21 ;
unsigned char sensor_type2_gain = 0x32 ;
unsigned char sensor type2 offset = 0x56 ;
unsigned char sensor type2 temp coeff = 0x56 ;
unsigned char sensor type2 span = 0xC5 ;
unsigned char sensor type2 amp gain = 0x28 ;
unsigned char sensor type3 gain = 0x20 ;
unsigned char sensor type3 offset = 0x43 ;
unsigned char sensor type3 temp coeff = 0x61 ;
unsigned char sensor type3 span = 0x89 ;
unsigned char sensor type3 amp gain = 0x29 ;

As can be seen, the names conform to an easily identifiable pattern of:

unsigned char sensor typeN gain = 0x20 ;
unsigned char sensor typeN offset = 0x43 ;
unsigned char sensor typeN temp coeff = 0x61 ;
unsigned char sensor typeN span = 0x89 ;
unsigned char sensor_ typeN amp gain = 0x29 ;

Where ‘N’ isthe number of the sensor type. A structure isaneat way of condensing thistypeis related and repeating
data.

In fact the information needed to describe a sensor can be reduced to a generalised:

unsigned char gain ;
unsigned char offset ;
unsigned char temp coeff ;
unsigned char span ;
unsigned char amp_gain ;

Theconcept of astructureisbased onthisideaof generalised “template” for related data. Inthiscase, astructuretemplate
(or “component list”) describing any of the manufacturer's sensors would be declared:

struct sensor desc {unsigned char gain ;
unsigned char offset ;
unsigned char temp coeff ;
unsigned char span ;
unsigned char amp gain ; } ;

This does not physically do anything to memory. At this stage it merely creates atemplate which can now be used to
put real datainto memory.
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Thisisachieved by:

struct sensor_ desc sensor_ database ;

Thisreads as* use the template sensor_desc to layout an area of memory named sensor_database, reflecting the mix of
data types stated in the template”. Thusagroup of 5 unsigned chars will be created in the form of a structure.

Theindividua elements of the structure can now be accessed as:

sensor_database.gain = 0x30 ;
sensor_database.offset = 0x50 ;
sensor database.temp coeff = 0x60 ;
sensor_database.span = 0xC4 ;
sensor database.amp gain = 0x21 ;

6.4.2 Arrays Of Structures

In the exampl e though, information on many sensorsis required and, aswith individual charsand ints, it ispossible to
declare an array of structures. Thisalows many similar groups of datato have different sets of values.

struct sensor_desc sensor_database[4] ;

This creates four identical structures in memory, each with an internal layout determined by the structure template.
Accessing thisarray is performed simply by appending an array index to the structure name:

/*Operate On Elements In First Structure Describing */
/*Sensor 0 */

sensor_database[0] .gain = 0x30 ;

sensor_database[0] .offset = 0x50 ; sensor database([0].temp coeff = 0x60 ;
sensor_database[0] .span = 0xC4 ;

sensor database[0] .amp_gain = 0x21 ;

/* Operate On Elements In First Structure Describing */
/*Sensor 1 */

sensor_database[1l] .gain = 0x32 ;
sensor_database[1l] .offset = 0x56 ;
sensor_database[l] .temp_coeff = 0x56 ;
sensor_database[1l] .span = 0xC5 ;
sensor database[1l] .amp_gain = 0x28 ;
and so on...

6.4.3 Initialised Structures

Aswith arrays, astructure can be initialised at declaration time:
struct sensor desc sensor database = { 0x30, 0x50, 0x60, O0xC4, O0x21 } ;

so that here the structure is created in memory and pre-loaded with values.

Thearray casefollowsasimilar form:

struct sensor desc sensor database[4] = {{0x30,0x50,0x60, 0xC4, 0x21 },

{ o0x32,0x56,0x56,0xC5,0x28 ; }} ;

6.4.4 Placing Structures At Absolute Addresses
It is sometimes necessary to place a structure at an absolute address. This might occur if, for example, the registers of
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amemory-mapped real-time clock chip areto be grouped together asastructure. Thetemplateinthisinstance might be:

ContentsOf RTCBY TES.CModule

struct RTC { unsigned char seconds ;
unsigned char minutes ;
unsigned char hours ;
unsigned char days ;

b

struct RTC xdata RTC chip ; // Create =xdata structure

A trick using the linker isrequired here so the structure creation must be placed in adedicated module. Thismodule's
XDATA segement, containing the RTC structure, isthen fixed at the required address at link time.

Using the absolute structure could be:

/* Structure located at base of RTC Chip */
MAIN.C Module

extern xdata struct RTC_chip ;

/* Other XDATA Objects */

xdata unsigned char time_secs, time mins ;
void main(void)

time_secs = RTC_chip.seconds ;
time mins = RTC_chip.minutes;

}

Linker Input FileTo Locate RTC_chip structureover real RTC Registersis:
151 main.obj,rtcbytes.obj XDATA (?XD?RTCBYTES (0h))

See section 7.6 for further examples of this placement method.
6.4.5 Pointers To Structures

Pointers can be used to access structures, just as with simple dataitems. Hereisan example:
/* Define pointer to structure */

struct sensor_desc *sensor_ database ;

/* Use Pointer To Access Structure Elements */

sensor_database->gain = 0x30 ;
sensor_database->offset = 0x50 ;
sensor_database->temp coeff = 0x60 ;
sensor_database->span = 0xC4 ;
sensor database->amp_gain = 0x21 ;

Note that the ‘*** which normally indicates a pointer has been replaced by appending ‘->’ to the pointer name.
Thus‘*name’ and‘name->’" areequivalent.

6.4.6 Passing Structure Pointers To Functions

A commonusefor structurepointersisto allow themto be passed to functionswithout hugeamountsof parameter passing;
atypical structuremight contain 20 databytesandto passthisto afunctionwoul d require20 parametersto either be pushed
onto the stack or an abnormally large parameter passing area. By using apointer to the structure, only the two or three
bytesthat constitutethe pointer need bepassed. Thisapproachisrecommended for C51 astheoverhead of passingwhole
structures can tie the poor old 8051 CPU in knots!
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This would be achieved thus:

struct sensor_desc *sensor_ database ;

sensor_database-> gain = 0x30 ;
sensor_database-> offset = 0x50 ;
sensor_database-> temp coeff = 0x60 ;
sensor_database-> span = 0xC4 ;
sensor_ database- s>amp_gain = 0x21 ;

test_function (*struct_pointer) ;

test function(struct sensor desc *received struct pointer) {
received struct_ pointer->gain = 0x20 ;
received_struct_pointer->temp coef = 0x40 ;

}

Advanced Note: Using a structure pointer will cause the called function to operate directly on the structure rather
than on a copy made during the parameter passing process.

6.4.7 Structure Pointers To Absolute Addresses

Itissometimesnecessary to placeastructureat an absoluteaddress. Thismight occur if, for example, amemory-mapped
real time clock chip isto be handled as a structure. An alternative approach to that given in section 6.4.4. isto address
the clock chip viaastructure pointer.

Theimportant differenceisthat in thiscase no memory isreserved for the structure - only an“image” of it appearsto be
at the address.

Thetemplate in thisinstance might be:
/* Define Real Time Clock Structure */

struct RTC {char seconds ;
char mins ;
char hours ;
char days ; } ;

/* Create A Pointer To Structure */

struct RTC xdata *rtc_ptr ; // ‘xdata’ tells C51 that this
//is a memory-mapped device.

void main(void) {
rtc_ptr = (void xdata *) 0x8000 ; // Move structure
// pointer to address
//of real time clock at
// 0x8000 in =xdata

rtc _ptr->seconds = 0 ; // Operate on elements
rtc_ptr->mins = 0x01 ;

}

Thisgeneral techniquecan beused inany situation whereapointer-addressed structure needsto be placed over aspecific
IO device. However itistheuser’ sresponsibility to make sure that the address given isnot likely to be all ocated by the
linker asgeneral variable RAM!

To summarize, the procedureis:
(i) Definetemplate

(ii) Declarestructure pointer asnormal
(iii) At run-time, force pointer to required absol ute address in the normal way.
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6.5 Unions

A unionissimilar in concept to astructure except that rather than creating sequential |ocationsto represent each of the
itemsin thetemplate, it places each item at the same address. Thus aunion of 4 bytes only occupiesasingle byte. A
union may consist of a combination of longs, char and ints all based at the same physical address.

The the number of bytes of RAM used by aunion is simply determined by the size of the largest element, so:

union test { char x ;
int y
char al[3] ;
long z ;

b
requires 4 bytes, this being the size of along. The physical location of each element is:

addr — 0 x byte y high byte alo0] z highest byte

+1 y low byte al1ll z byte
+2 al2] z byte
+3 al[3] z lowest byte

Non-8051 programmers should see the section on byte ordering inthe 8051 if they find theidea of the M SB being at the
low address odd!

In embedded C the commonest use of aunionisto allow fast accessto individual bytes of longs or ints. These might
be 16 or 32-bit real-time counters, asinthisexample:

/* Declare Union */

union clock {long real time count ; // Reserve four byte
int real time words[2] ; // Reserve four bytes as
// int array
char real time bytes[4] ; // Reserve four bytes as

// char array

b

/* Real Time Interrupt */

void timer0 int (void) interrupt 1 wusing 1
clock.real time count++ ; // Increment clock

if (clock.real time words[1l] == 0x8000) { // Check
// lower word only for wvalue

/* Do something! */

}

if (clock.real_time bytes[3] == 0x80) { // Check most
// significant byte only for wvalue

/* Do something! */

}
}

6.6 Generic Pointers

C51 offerstwo basic types of pointer, the spaced (memory-specific) and the generic. Up to version 3.00 only generic
pointerswereavailable.

As has been mentioned, the 8051 has many physically separate memory spaces, each addressed by special assembler

instructions. Such characteristicsarenot peculiar tothe8051 - for example, the 8086 hasdatainstructionswhich operate
on a16-hit (within segment) and a20-bit basis.
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For the sake of simplicity, and to hidethereal structure of the 8051 from the programmer, C51 usesthree byte pointers,
rather than the single or two bytes that might be expected. The end result isthat pointers can be used without regard to
the actual location of the data.

Forexample:

xdata char buffer[10] ;
code char messagel[] = {
void main(void) {
char *s ;
char *d ;

s
d

message ;
buffer ;

while(*s != ‘\0')

}
Yields:

RSEG
buffer:

RSEG
message:

DB

7

*d++ = *s++

}

\

?XD?T1

?CO?T1

H ,'E’ ,'L’

; xdata char buffer[10]
; code char messagel[] =

7

; void main(void) {

RSEG

?PR?main?T1

USINGO

main:

;i SOURCE

; char *s ;
; char *d ;

H S

MOV

MOV

MOV
; d

MOV

MOV

MOV
?C0001:

; while(*s != *\0')

MOV
MOV
MOV

= message ;

;  SOURCE
s?02,#05H
s?02+01H, #HIGH
s?02+02H, #LOW
= buffer ;

;  SOURCE
d?02, #02H
d?02+01H, #HIGH
d?02+02H, #LOW

;i SOURCE
R3,8?02
R2,s8?02+01H
R1,s?02+02H

LCALL ?C_CLDPTR

Jz

INC
MOV
JNZ
INC
?C0004:
DEC
MOV

?C0003
*d++ = *s++
; SOURCE
s?02+02H
A,s?02+02H
?C0004
s?02+01H

A
R1,A

LCALL ?C_CLDPTR

MOV
MOV
INC
MOV

R7,A
R3,d?02
d?02+02H
A,d?02+02H
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MOV R2,d?02+01H

JNZ ?C0005

INC d?02+01H
2C0005:

DEC A

MOV R1,A

MOV A,R7

LCALL ?C_CSTPTR

; }
; SOURCE LINE # 16
SJMP ?2C0001

; }

?C0003:
RET

; END OF main
END

; SOURCE LINE # 17

Ascanbeseen, thepointers‘*s and‘*d’ are composed of three bytes, not two as might be expected. In making * s point
at the message in the code space an ‘05’ isloaded into s ahead of the actual addressto be pointed at. Inthe case of *d
‘02 isloaded. Theseadditional bytesare how C51 knowswhich assembl er addressing modeto use. Thelibrary function
C_CLDPTR checks the value of the first byte and loads the data, using the addressing instructions appropriate to the
memory space being used.

Thismeansthat every access viaageneric pointer requiresthislibrary function to be called. The memory space codes
used by C51 are:

CODE - 05
XDATA - 02
PDATA - 03
DATA - 05
IDATA - 01

6.7 Spaced Pointers In Cs1

Considerable run time savings are possible by using spaced pointers. By restricting apointer to only being ableto point
into one of the 8051’ s memory spaces, the need for the memory space“code” byteiseliminated, along with thelibrary
routines needed to interpret it.

A spaced pointer is created thus:
char =xdata *ext ptr ;

to produce an uncommitted pointer into the XDATA space or
char code *const ptr ;

whichgivesapointer solely intothe CODE space. Notethatinboth casesthepointersthemselvesarel ocatedinthememory
spacegiven by thecurrent memory model. Thusapointer toxdatawhichistobeitself locatedin PDATA wouldbedeclared
thus:

pdata char xdata *ext ptr ;

location |

of pointer \
Memory space pointed into
by pointer

Inthisexamplestringsarea wayscopied fromthe CODE areaintoan XDATA buffer. By customisingthelibrary function
“strcpy()” to use a CODE source pointer and aXDATA destination pointer, the runtimefor the string copy was reduced
by 50%. The new strcpy has been named strcpy_x_c().

The function prototype is:

extern char xdata *strcpy(char xdata*,char code *) ;
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; char xdata *strcpy x c(char xdata *sl, char code

_strcpy x_c:
MOV s2710,R4
MOV s2?710+01H
;— Variable ‘'s1?10’
; unsigned char i
;— Variable 1‘i?11’

CLR A

MOV  R1,A
?2C0004:
; while ((s1[i++]

INC s2?10+01H

Here isthe code produced by the spaced pointer strcpy():

, R5

assigned to Register
= 0;
assigned to Register

= *g2+4+) != 0);

MOV A,s82?10+01H

MOV R4,s2?10
JNZ ?2C0008
INC s2?10
?2C0008:
DEC A
MOV  DPL,A
MOV  DPH, R4
CLR A
MOVC A,@A+DPTR
MOV R5,A
MOV  R4,AR1
INC R1
MOV  A,R7
ADD A,R4
MOV  DPL,A
CLR A
ADDC A,R6
MOV  DPH,A
MOV  A,RS
MOVX @DPTR,A
JNZ ?2C0004
?2C0005:
; return (sl);
i)
?2C0006:
END

‘R6/R7’

‘R1’

*52)

{

Noticethat no library functions are used to determine which memory spaces areintended. The function prototypetells
C51 only to look in code for the string and xdata for the RAM buffer.
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7 Accessing External Memory Mapped Peripherals

Commonly, extral O portsareadded to 8051sto compensatefor thelossof PortsOand 2. Thisisnormally doneby making
the additional device(s) appear to be just external RAM bytes. Thus they are addressed by the MOV X A,@DPTR
instruction. Typically UARTS, additional portsandreal timeclock devicesareadded to 8031sasxdata-mapped devices.

The simplest approach to adding external devicesisto attachthe/RD and or /WR linesto the device. Provided that only
one deviceispresent and that it only has one register, no address decoding is necessary. To accessthisdevicefrom C
simply prefix an appropriately named variable with “xdata’. Thiswill cause the compiler to use MOVX A,@DTPR
instructionswhen getting datainor out. Inactual fact thelinker will try toallocateareal addresstothisbut, asno decoding
is present, the device will simply be enabled by /WR or /RD.

Inpracticelifeisrarely thissimple. Usually amixtureof RAM, UARTS, ports, EEPROM and other devicesmay all be
attached to the 8031 by being mapped into the xdataspace. Some sort of decodingisprovided by discretelogic or (more
usualy) aPAL.

Herethevariousregisters of thedifferent deviceswill appear at fixed locationsin the xdataspace. With normal on-chip
resourcesthe simple* databook” name can be used to accessthem, soideally these external devices should bethe same.

There are three basic approaches to this:
0] Use normal variables, char, ints etc, located by the linker
(i) Use pointers and offsets, either viathe XBY TE macros or directly with user-defined pointers.

(i) Usethe At and ORDER directives.

In detail, these may be implemented as shown in the following sections.

7.1 The XBYTE And XWORD Macros

To alow memory-mapped devicesto be accessed from C, amethod is required to effectively force pointersto point to
fixed addresses. C51 provides many methods of achieving this, the simplest of which are the XBY TE[addr16] and
XWORD|addr16] macros.

For instance:

Thebytewide PORT8_DDI register of amemory mapped |0 deviceisat 8000H. Toaccessit from Cit must bedeclared
thus:

#include “absacc.h”; /*Contains macro definitions */
#define port8 ddi XBYTE [0x8000]
#define port8_data XBYTE [0x8001]
To useit then,
port8_ddi = OxFF H
input_val = port8_data ;

To access aword at an even external address:

#define word reg XWORD[0x4000]
/* gives a word variable at 8000H *x/

Ignoring the pre-defined XWORD macro, theequivalent Clineis:

#define word reg ptr ((unsigned int *) 0x24000L)
/*creates a pointer to a word (int) at address 8000H*/

To use this address then,

*word_reg_ptr = OXFFFF ;

Note that the address 8000H correspondsto 4000H words, hencethe " 0x24000L ".
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Here are some examples with the code produced:

#define XBYTE ((unsigned char volatile *) 0x20000L)
#define XWORD ((unsigned int volatile *) 0x20000L)

main() {

char x ;
int y ;

x = XBYTE[0x8000] i

0000 908000 MOV DPTR, #08000H
0003 EO MOVX A,@DPTR

0004 FF MOV R7,A

0005 8F00 R MOV x,R7

y = XWORD[0x8000/sizeof (int)] ;

}

0007 908000 MOV DPTR, #08000H
000A EO MOVX A,@DPTR

000B FE MOV R6,A

000C A3 INC DPTR

000D EO MOVX A,@DPTR

000E FF MOV R7,A

000F 8E00 R MOV v,R6

0011 8FO00 R MOV y+01H,R7

}

0013 ?2C0001:

0013 22 RET

However theaddressindicated by “word reg” isfixed and canonly bedefined at compiletime, asthecontentsof thesquare
bracketsmay only beaconstant. Any alterationto theindicated addressisnot possi blewith these macro-based methods.
This approach is therefore best suited to addressing locations that are fixed in hardware and unlikely to change at run
time.

Note the use of the volatile storage class modifier. Thisisessential to prevent the optimiser removing datareads from
external ports.
Seesection 7.4 for moredetails.

Note: the header file“ absacc.h” must beincluded at the top of the source file as shown above. This containsthe
prototype for the XBYTE macro. (see page 9-15in the C51 manual)

7.2 Initialised XDATA Pointers

In many cases the external address to be pointed at is known at compile time but may need to be altered at some point
during execution. Thus some method of making apointer point at anintial specific external addressisrequired.

Probably thesimplest way of setting up such apointer istolettheC_INIT program set the pointer to alocation. However
theinitial addressmust beknown at compiletime. If thepointeristo bealtered at run-time, just equateit (without the**”
at run-time) to the new address.

Note: this automatic initialisation was not supported on earlier versions of C51.

Simply do:
/* Spaced pointer */

xdata char xdata *a_ptr = 0x8000 ;
/* Generic Pointer */

xdata char *a ptr = 0x028000L ;

Here the pointer is setup to point at xdata address 0x8000. Notethat the spaced *a ptr can only point at xdatalocations
asaresult of the second xdataused initsdeclaration. Inthegeneric*a_ptr case, the* 02" tellsC51 that an xdata address
isintended.
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Anexamplemight be:

6 xdata char xdata *ptr = 0x8000 ;

7

8

9 main() {

11 1 char x ;

13 1 ptr += 0xf0 ;
0000 900000 R MOV DPTR, #ptr+01H
0003 EO MOVX A, @DPTR
0004 24F0 ADD A, #0FOH
0006 FO MOVX @DPTR, A
0007 900000 R MOV DPTR, #ptr
000A EO MOVX A, @DPTR
000B 3400 ADDC A, #00H
000D FO MOVX @DPTR, A

15 1 X = *ptr ;

16 1

17 1 }
O0OO0E EO MOVX A, @DPTR
0O00F FE MOV R6,A
0010 A3 INC DPTR
0011 EO MOVX A, @DPTR
0012 F582 MOV DPL,A
0014 B8ES83 MOV DPH, R6
0016 EO MOVX A, @DPTR
0017 F500 R MOV x,A

17 1 }
0019 22 RET

7.3 Run Time xdata Pointers

Thesituation often occursthat you need to point at addressesin the xdata space which are only known at run-time. Here
the xdata pointer is setup in the executabl e code.

The best way to achieve thisisto declare an “ uncommitted” pointer at compile time and to then equate it to an address
when running:

char xdata *xdata ptr ; /* Uncommitted pointer */
/* to xdata memory */
main() {
xdata_ptr=(char xdata*) 0x8000 ; /*Point at 0x8000 in */

/*xdata */

}

An alternative isto declare a pointer to the xdata space and simply equateit to avariable.

Here 1s an example:

char xdata *ptr ; /* This is a spaced pointer!!! */
main () {
start_address = 0x8000 ; /*Variable containing address*/

/*to be pointed to */

0000 750080 R MOV start_address, #080H

0003 750000 R MOV start_address+01H, #00H
ptr = start_address ;

000C AE0O0 R MOV R6,start_address

000E AFO00 R MOV R7,start_address+01H

0010 8EO00 R MOV ptr,R6

0012 8FO0O0 R MOV ptr+01H,R7

0014 ?C0001:
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while (1) {

X = *ptr++ ;
0014 0500 R INC ptr+01H
0016 E500 R MOV A,ptr+01H
0018 AE00 R MOV R6,ptr
001A 7002 JNZ ?C0004
001C 0500 R INC ptr
001E ?C0004:
001E 14 DEC A
001F FF MOV R7,A
0020 8F82 MOV DPL,R7
0022 B8E83 MOV DPH, R6
0024 EO MOVX A, @DPTR
0025 FF MOV R7,A
0026 8FO00 R MOV x,R7

}
0028 8O0EA SJIMP ?C0001
002A ?C0002:

}

002A ?C0003:
002A 22 RET

A variation of this is to declare a pointer to zero and use a variable as an offset thus:
char xdata *ptr ;
main() {

unsigned int 1 ;
unsigned char x ;

ptr = (char*) 0x0000 ;
for(i = 0 ;

i < 0x40 ;

i++)

x = ptr[i] ;
}

}

Thisresultsin rather more code, as an addition to the pointer must be performed within each loop.

7.4 The “volatile” Storage Class

A common situationwithexternal devicesisthat valuespresentintheir registerschangewithout thecpu taking any action.
A good exampleisareal-time clock chip - the time changes continuously without the cpu writing anything.

Consider thefollowing:

unsigned int xdata *milliseconds = 0x8000 ; // Pointer to
// RTC chip

time = *milliseconds ; -> (1) // Get RTC register wvalue
x = arrayltime] ;
time = *milliseconds ; -> (2) // Second register access

// optimised out!
y = arrayltime] ;
Herethe valueretrieved from the array isrelated to the value of *milliseconds, aregister in an external RTC.
If thisiscompiled itwill notwork. Why? Well thecompiler’ soptimiser shootsitself inthefoot by assumingthat, because

no WRITE occurred between (1) and (2), * millisec cannot havechanged. Henceall thecodegenerated to makethesecond
accessto the register is optimised out and soy == x!
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The solution is declare * milliseconds as “ volatile” thus:

unsigned int volatile xdata *milliseconds = 0x8000 ;

Now the optimiser will not try to remove subsequent accesses to the register.
7.5 Placing Variables At Specific Locations - The Linker Method

A final method of establishing external variables at fixed addresses, especialy arrays, isby using the linker rather than
thecompiler. For example, to produceal0 character array in external memory, starting at 8000H, thefollowing stepsare
necessary:

/*** Module 1 **%x/

/* This module contains only data declarations! */
xdata unsigned char array[30] ;

/* End Module 1 */

/*** Module 2 **%x/

/* This module contains the executable statements */
extern xdata wunsigned char array[10] ;

main ()

{

unsigned char 1 ;
i = arrayl[i] ;
}
Now by linking with the invocation:
L51 modulel.obj, module2.obj XDATA (?XD?modulel (8000H))

thelinker will makethe XDATA segmentinModulel (indicated by ?X D?modul el) start at B000H, regardlessof other xdata
declarations elsewhere. Thusthe array starts at 8000H and is 10 bytes (+ null terminator) long.

Thisapproach lacksthe flexihility of the above methods but has the advantage of making thelinker reserve spaceinthe
XDATA gpace.

Similar control canbeexercised over theaddressof segmentsin other memory spaces. C51 usesthefollowing convention
for segment names:

CODE ?PR?functionname?module name (executable code)
CODE ?CO?functionname?module name (lookup tables etc.)
BIT ?BI?functionname?module name

DATA ?DT?functionname?module name

XDATA ?XD?functionname?module_name

PDATA ?PD?functionname?module_name

Thusthe parameter receiving areaof aL ARGE model function ‘test()’ inmodule MOD1.C would be:
?XD?TEST?MOD1,

Thecodeis:

?PR?TEST?MOD1

And so on.

A knowledge of thisisuseful for assembler interfacing to C51 programs. See section 14.
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7.6 Excluding External Data Ranges From Specific Areas

Thisvery muchfollowsonfromtheprevioussection. Occasionally amemory-mapped device, such asreal timeclock chip,
isused as bothasourceof timevaluesandRAM. Typically thefirst 8bytesintheRTC' saddressrangearethetimecounts,
seconds, minutes etc. whilst the remaining 248 bytes are RAM.

Left toitsown devices, the L51 linker will automatically place any xdatavariables starting at zero. If the RTC hasbeen
mapped at thisaddress aproblem occurs, asthe RTC timeregistersare overwritten. Inaddition, it would be convenient
to allow theregistersto beindividually named.

One approach is to define a special module containing just a structure which describesthe RTC registers. Inthe main
programthe RTC registersareaccessed aselementsinthestructure. Thetrick isthat, whenlinking, the XDATA segment
belonging to the special moduleisforced to aspecific address, herezero. Thisresultsinthe RTC structurebeing at zero,
with any other XDATA variablesfollowing on. Thebasic method could also be used to stop L51 locating any variables
inaspecific area.

ExampleOf Excluding SpecificAreasFromL51
/* Structure located at base of RTC Chip */

MAIN.CModule

extern xdata struct unsigned char seconds ;

unsigned char minutes ;

unsigned char hours ;

unsigned char days ; } RTC chip ;
/* Other XDATA Objects */
xdata unsigned char time_secs, time mins ;

void main(void) {

time_secs
time_mins

}
RTCBYTES.CModule

RTC chip.seconds ;
RTC chip.minutes ;

xdata struct { unsigned char seconds ;
unsigned char minutes ;
unsigned char hours ;
unsigned char days ; } RTC chip ;

Linker Input FileTo Locate RTC_chip structure over real RTC
Registersis:

151 main.obj,rtcbytes.obj XDATA (?XD?RTCBYTES (0h))
7.7 -missing ORDER and AT now in Cs1

Perhaps the most curious omission from C51 was the inability to fix the address of adata object at an absol ute address
fromthe sourcefile. Whilst there have always been methods of achieving the same effect, usershavelong requested an
extensionto allow the address of an object to beincluded intheoriginal declaration. In C51v4.xx,thenew_AT _control
Now exists.

7.8 Using The _at_and ORDER_ Controls

Here, the order of the variables must not change as it must match the physical location of thereal time clock’ sregisters.
The#pragma ORDER tells C51 to placethe dataobjects at ascending addresses, with thefirst item at the lowest address.
Thelinker must then be used to fix the address of the whole block in memory.
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SourceFileMAIN.C

#pragma

ORDER

unsigned char xdata RTC secs ;
unsigned char xdata RTC mins ;
unsigned char xdata RTC_hours ;

main() {

RTC_mins = 1

i}

Linker Input FileMAIN.LIN

main.obj

Thealternative _at control forces C51 to put data objects at an address given in the source file:

/** Fix
/** Fix
unsigned
unsigned
unsigned

main()

}

& to main & XDATA(?XD?MAIN(0fa00h))

Real Time Clock Registers Over Memory-Mapped Device *%*/
each item individually *x/
char xdata RTC_secs _at_ = 0xfa00 ;
char =xdata RTC_mins _at_ 0xfa0l ;
char xdata RTC _hours _at_ 0xfa02 ;
RTC mins = 1 ;

...which hopefully isself-explanatory!
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8 Linking Issues And Stack Placement

This causes some confusion, especially to those used to other compiler systems.

8.1 Basic Use Of Ls1 Linker

Thevariousmodulesof aC program arecombined by alinker. After compilationno actual addressesareassignedtoeach
lineof code produced, only an offset isgenerated fromthestart of themodule. Obviously beforethe codecanbeexecuted
each module must be tied to a unique address in the code memory. Thisis done by the linker.

L51,inthecaseof Keil (RL51for Intel), isautility whichassignsabsol uteaddressesto thecompiled code. It also searches
library filesfor the actual code for any standard functions used in the C program.

A typical invocation of the linker might be:
151 startup.obj, modulel.obj, module2.obj, module3.obj, C51L.1ib to exec.abs

Herethethree unlocated modul esand the startup code (in assembler) arecombined. Any callstolibrary functionsinany
of thesefilesresultsinthelibrary, C51L.lib, being searched for the appropriate code.

The target addresses (or offsets) for any IMPs or CALLs are calculated and inserted after the relevant opcodes.

When all five .obj fileshave been combined, they are placed into another file called EXEC.ABS, the ABSimplying that
thisisabsol utecodethat could actually beexecuted by an 8051 cpu. Inaddition, a“ map” filecalled EXEC.M51isproduced
which summarisesthelinking operation. Thisgivestheaddressof every symbol usedintheprogram plusthesizeof each
module.

In anything other than avery small program, the number of modulesto belinked can be quite large, hence the command
line can become huge and unwieldy. To overcomethistheinput list can beasimple ASCII text file thus:

151 @<input_file>
where input file =

startup.obj,
modulel.obj,
module2.obj,
module3.obj,

&

C51L.1lib &

&

to exec.abs

R R R R

There are controls provided in the linker which determine where the various memory types should be placed.

Forinstance, if anexternal RAM chip startsat 4000H and the codememory (Eprom) isat 8000H, thelinker must begiven:

151 startup.obj, modulel.obj, module2.0bj, module3.obj, C51L.1ib to exec.abs CODE(8000H)
XDATA (4000H)

Thiswill moveall thevariablesinexternal RAM to4000H and aboveandal | theexecutabl ecodeto 8000H. Evenmorecontrol
can be exercised over where the linker places code and data segments. By further specifying the module and segment
names, specific variables can be directed to particular addresses - see 2.1.8 for an example.

8.2 Stack Placement

Unlessyou specify otherwise, thelinker will placethe stack pointer to give maximum stack space. Thusafter locating all
the sfr, compiled stack and dataitems, the real stack pointer is set to the next available IDATA address. If you usethe
8032 or other variant with 128 bytes of indirectly-addressable memory (IDATA) above 80H, this can be used very
effectively for stack.
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?C_C51STARTUP SEGMENT CODE ;Declare segment in indirect
area

?STACK SEGMENT IDATA ;
RSEG ?STACK ; Reserve one byte
DS 1
EXTRN CODE (?C_START)
PUBLIC ?C_STARTUP
CSEG AT 0
?C_STARTUP: LJMP STARTUP1

RSEG ?C_C51STARTUP
STARTUP1: ENDIF

MOV SP,#?STACK-1 ; Put address of STACK
location into SP

LJMP ?C_START ; Goto initialised data
section

8.3 Using The Top 128 Bytes of the 8052 RAM

Theoriginal 8051 design hasjust 128 bytesof directly/indirectly addressableRAM. C51, whenintheSMALL model, can
usethisfor variables, arrays, structures and stack. Above 128 (80H) direct addressing will result in access of the sfrs.
Indirect addressing (MOV A,@R0) does not work.

However withthe 8052 and above, theareaabove 80H can, whenindirectly addressed, beused asadditional storage. The
main use of thisareaisreally asstack. Datainthisareaisaddressed by the MOV A,@Ri instruction. Asonly indirect
addressing can beused, therecan besomelossof efficiency astheRi regi ster must beloaded withtherequired 8-bit address
before any access can be made.

Lefttoitsown devices C51 will not usethisareaother thanfor stack. Unusually, the8051 stack growsupthroughRAM,
so thelinker will placethe STACK areaat thetop of the areataken up with variables, parameter passing segments etc..
If your application doesnot need all the stack areaallocated, itispossibleto useit for variables. Thisissimply achieved
by declaring somevariablesas“idata’ and using “RAMSIZE(256)” when linking.

Suchishuman naturethat most peoplewill not think of usingidatauntil thelower 128 bytesactually overflowsandapanic-
driven search beginsfor more memory!

Ashasbeen pointed out, idatavariablesarerather harder to get at because of theloading of an Ri register first. However
thereis one type of variable which isideally suited to this - the array or pointer-addressed variable.

TheMOV A,@Riisideal for array accessastheRi simply containsthearray index. Similarly avariableaccessed by apointer
iscatered for, asthe @RI iseffectively apointer. Thisisespecially significant now that version 3.xx supports memory
space specific pointers. The STACK isnow simply moved above these new idata objects.

Tosummarise, withthe8052if you arehitting the 128 byte ceiling of the directly addressabl e space, themoving of arrays
and pointer addressable objects can free-up large amounts of valuable directly addressable RAM very easily.

8.4 Ls1Linker Data RAM Overlaying
8.4.1 Overlaying Principles

Oneof themaintricksused to allow large programsto be generated within an 8051 isthe OVERLAY function. Thisisa
mechanism whereby different program variables make use of the same RAM location(s). This possibility ariseswhen
automatic local variablesare declared. These by definition only have significance during the execution of the function
withinwhichthey weredefined. Oncethefunctionisexitedtheareaof RAM used by themisnolonger required. Of course
staticlocalsmust remainintact until thefunctionisnext called. A similar situationexistsfor C51’ sreserved memory areas
used for parameter passing.

Taken over acomplete program, each function will have acertain areaof memory reserved for itslocalsand parameters.
Within the confines of an 8051 the on-chip RAM would soon be exhausted.
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The possibility then arises for these individual areas to be combined into a single block, capable of supplying enough
RAM for the needs of the single biggest function.

In C51 this processis performed by thelinker’ sOVERLAY function. Insimpleterms, thisexaminesall functionsand
generatesaspecial datasegmentcalled“DATA_GROUP”, abletocontainall thelocal variablesand parametersof all C51
functions. As an example, if most functions require only 4 byes of local data but one particular one needs 10, the
DATA_GROUPwill be10byteslong.

Using the registers as a location for temporary data means that a large number of locals and parameters can be
accommodated without recourseto the DATA_GROUP - thisiswhy it may appear smaller than you expect.

Theoverlayer worksonthebasisthatif function 1 callsfunction 2, thentheir respectivel ocal dataareasmay notbeoverlaid,
as both must be active at the sametime. A third function 3, whichisalso called by 1, may haveitslocasoverlaid with
2, asthe two cannot be running at the same time.

main

funcA — func2 - func3 - funcéd
funcB — func5 - funcé - func7
funcC — func8 - func9 - funcloO

AsfuncA refersto func2 and func2 refersto func3 etc., A, 2, 3 and 4 cannot have their locals overlaid, asthey all form
part of thesamepath. Likewise, asfuncB referstofuncband funcéreferstofunc? etc., B, 6, 7and 4 cannot havetheir locals
overlaid. However thegroups?2, 3,4, 5,6, 7and 8, 9, 10 may havetheir localsoverlaid asthey are never activetogether,
being attached to sequential branches of the main program flow. Thisisthe basis of the overlay strategy.

However acomplicationariseswithinterrupt functions. Sincethesecanoccur at any time, they would overwritethelocal
datacurrently generated by whichever background (or lower priority interrupt) function was running, werethey also to
usetheDATA_GROUP. Tocopewiththis, C51identifiestheinterrupt functionsand called functionsand all ocatesthem
individual local dataareas.

8.4.2 Impact Of Overlaying On Program Construction

The general rule used by L51 isthat any two functions which cannot be executing simultaneously may havetheir local
dataoverlaid. Re-entrant functionsare an extension of thisin that asingle function may be called simultaneously from
two different places.

In 99% of cases the overlay function works perfectly but there are some cases where it can give unexpected results.
Thesearebasically:

0] Indirectly-called functions using function pointers

(i) Functions called from jump tables of functions

(i)  Re-entrant functions (-incorrect or non-declaration thereof)

Under these conditions the linker issues the following warnings:
MULTIPLE CALL TO SEGMENT
UNCALLED SEGMENT

RECURSIVE CALL TO SEGMENT
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8.4.2.1 Indirect Function Calls With Function Pointers (hazardous)
Taking (i) first:

Herefunc4 andfuncbarecalledfrommainby anintermediatefunctioncalled EXECUTE. A pointer totherequiredfunction
ispassed. When L51 analyses the program, it cannot establish adirect link between execute and func4/5 because the
function pointer received as aparameter breaksthe chain of references- thisfunction pointer isundefined at link time.
ThusL51 overlaystheloca segmentsof func4, funch and execute asif they wereall referencesfrom main. Refer tothe
overlay diagram aboveif in doubt.

Theresultisthat thelocalsof func4/5will corrupt thelocalsusedin execute. Thisisclearly VERY dangerous, especially
asthe overwriting may not be immediately obvious- it may only appear under abnormal operating conditions once the
code has been delivered.

#include <reg517.h>
/*********************************************************

kK OVERLAY HAZARD 1 - Indirectly called functions ***
Hokk ok ok ok ok ok ok kkkkkkkkkkkkkkkkkk ok kkkkkkk ok kkk ok kkkkkkk ok kkkkk ok ko k*k /

char funcl(void) { // Function to be called directly

char x, vy, arr[l0] ;

for(x = 0 ; x < 10 ; x++) {
arr[x] = x ;
}
return (x) ;
1
char func2(void) // Function to be called directly
(.... C Code ...)
1
char func3(void) // Function to be called directly
(.... C Code ...)
return (x) ;
1
char func4 (void) { // Function to be called indirectly
char x4, vy4, arr4[10] ; // Local variables
for(x4 = 0 ; x4 < 10 ; =x4++) {
arr4 [x4] = x4 ;
}
return (x4) ;
1
char funcs(void) { // Function to be called indirectly
char x5, y5, arr5([10] ; // Local variables
for(x5 = 0 ; x5 < 10 ; x5++) {
arr5[x5] = x5 ;

}

return (x5) ;

}

/*** Function which does the calling **x/

char execute (fptr) //Receive pointer to function to be used
char (*fptr) () ;

{

char tex ; // Local variables for execute function
char arrex[10] ;

© Copyright Hitex (UK) Ltd. 1996 C51 Primer page 63



for(tex = 0 ; tex <

10 ; tex++) |

arrex[tex] = (*fptr) () ;

}

return (tex) ;

}

/*** Declaration of general function pointer *x%/

char (code *fpl[3]) (void)

7

/*** Main Calling Function *x*%*/

void main(void)

char am ;
fp[0] = funcl ; // Point array elements at functions
fp[1] = func2 ;
fpl2] = func3 ;
am = fplo0] ; // Execute functions
am = fpl[l] ;
am = fpl[2] ;
if (P1) | // Control which function is called
am = execute(func4) ; // Tell execute function which
to run
1
else {
am = execute(func5) ; // Tell execute function which
to run

Resulting Linker Output .M51 File for the dangerous condition.

MS-DOS MCS-51 LINKER / LOCATER

OVERLAY MAP OF MODULE:

SEGMENT
+—> CALLED SEGMENT

?C_C51STARTUP
+—> ?PR?MAIN?MAIN

?PR?MAIN?MAIN
+—> ?PR?FUNC1?MAIN
+—> ?PR?FUNC2?MAIN
+—> ?PR?FUNC3?MAIN
+—> ?PR?FUNC4?MAIN

EXEC.ABS (MAIN)

+—> ?PR?_EXECUTE?MAIN

+—> ?PR?FUNC5?MAIN
?PR?FUNC1?MAIN
?PR?FUNC2?MAIN
?PR?FUNC3?MAIN
?PR?FUNC4 ?MAIN

?PR?_EXECUTE?MAIN
+—> ?C_LIB_CODE

?PR?FUNC5?MAIN
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L51 V2.8,

INVOKED BY: L51 MAIN.OBJ TO EXEC.ABS

DATA-GROUP
START LENGTH

000EH 0001H

0O0OFH 000BH

0O0OFH 000BH

O00FH 000BH //Danger func4's
//local

000FH 000BH //func4's data
lloverlaid with

000FH 000EH //execute's, its

//caller!!
O00FH 000BH //funcs's local

//data overlaid
//with execute's,
//its caller!!
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RAM Locations Used:

D:0012H SYMBOL tex // execute’s locals overlap
D:0013H SYMBOL arrex // func4 and func5’s - OK
D:000FH SYMBOL y

D:0010H SYMBOL arr4

D:000FH SYMBOL v5

D:0010H SYMBOL arr5

Incidentally, the overlay map showswhich functionsreferred to which other functions. By checkingwhat L51 hasfound
against what you expect, overlay hazards may be spotted.

8.4.2.2 Indirectly called functions solution

Use the overlay command when linking thus:
main.obj & to exec.abs & OVERLAY(main ; (func4,func5), _execute ! (func4,func5s))
Note: Thetilde sign‘;’ means: “Ignorethereferencetofunc4/5 from main” The‘!’ means: “Manually
generate a reference between intermediate function ‘execute’ and func4/5 to prevent overlaying of local variables
within thesefunctions.”

Please make sure you understand exactly how thisworks! !!

The new linker output is:

MS-DOS MCS-51 LINKER / LOCATER L51 V2.8, INVOKED BY:

L51 MAIN.OBJ TO EXEC.ABS OVERLAY(MAIN ; (FUNC4, FUNC5), _EXECUTE ! (FUNC4, FUNC5))
OVERLAY MAP OF MODULE: EXEC.ABS (MAIN)
SEGMENT DATA-GROUP

+—> CALLED SEGMENT START LENGTH

?C_C51STARTUP
+—> ?PR?MAIN?MAIN

?PR?MAIN?MAIN 0024H 0001H
+—> P?PR?FUNC1?MAIN
+—> ?PR?FUNC2?MAIN
+—> ?PR?FUNC3?MAIN
+—> 7?PR?_EXECUTE?MAIN

?PR?FUNC1?MAIN 0025H 000BH
?PR?FUNC2?MAIN 0025H 000BH
?PR?FUNC3?MAIN 0025H 000BH
?PR?_EXECUTE?MAIN 0025H 000EH

+—> ?C_LIB_CODE

D:0028H SYMBOL tex // Execute’s variables
no longer

D:0029H SYMBOL arrex // overlaid with func4/
5's

D:0008H SYMBOL v

D:0009H SYMBOL arr4

D:0013H SYMBOL v5

D:0014H SYMBOL arr5

**%  WARNING 16: UNCALLED SEGMENT,IGNORED FOR OVERLAY PROCESS
SEGMENT: ?PR?FUNC4?MAIN

***  WARNING 16: UNCALLED SEGMENT,IGNORED FOR OVERLAY PROCESS
SEGMENT: ?PR?FUNC5?MAIN
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Note: The WARNING 16’ s show that func4/5 have been removed from the overlay processto remove the hazard.
Seesection 8.4.2.6 onthe* UNCALLED SEGMENT, IGNORED FOR OVERLAY PROCESS’ warning.

8.4.2.3 Function Jump Table Warning (Non-hazardous)

Here two functions are caled an array of function pointers. The array “jump_table” exists in a segment called
“2CO?MAINL, i.e. theconstant areaassigned to modulemain. Theproblem arisesthat thetwo messagestring arguments
tothe printf 'sare also sited here. Thisleadsto arecursive definition of the function start addresses in the jump table.

While this is not in itself dangerous, it prevents the real function references from being established and hence the
overlaying process isinhibited.
****************************************************************************;

*<<<<<<<<<<<<<Recursive Call To Segment Error>>>>>>>>>>>>>>%
****************************************************************************;

#include <stdio.h>
#include <reg517.h>

void funcl (void) {
unsigned char i1 ;
for(il = 0 ; i1 < 10 ; il++) {

printf (“THIS IS FUNCTION 1\n”) ; // String stored in
?CO?MAIN1 segment

}

void func2 (void) {

unsigned char 12 ;

for(i2 = 0 ; 12 < 10 ; i2++) {
printf (“THIS IS FUNCTION 2\n”) ; // String stored in
?CO?MAIN1 segment
1
}
code void(*jump_table[]) ()={funcl, func2}; //Jump table to

functions,
// table stored in

?CO?MAIN1
// segment.
/*** Calling Function ***/
main() {
(*jump_table[P1 & 0x01]) () ; // Call function wvia jump

table in ?CO?MAIN1

}

AAAAAAAAAAAAAAAAAAAAAAA

End of Module
Theresulting link output is:

Note: No reference exists between main and funcl/2 so the overlay process cannot occur, resulting in wasted

RAM.
OVERLAY MAP OF MODULE: MAIN1 (MAIN1)
SEGMENT BIT-GROUP DATA-GROUP
+—> CALLED SEGMENT START LENGTH START LENGTH

?C_C51STARTUP
+—> ?PR?MAIN?MATIN1

?PR?MAIN?MAIN1
+—> ?CO?MAIN1
+—> ?C_LIB_CODE
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?CO?MAIN1
+—> ?PR?FUNC1?MAINI1
+—> ?PR?FUNC2?MAINI1

?PR?FUNC1?MAIN1 0008H
+—> ?PR?PRINTF?PRINTF

MCS-51 LINKER / LOCATER L51 V2.8
DATE 04/08/92 PAGE 2

?PR?PRINTF?PRINTF 0020H.0 0001H.1 0009H
+—> ?C_LIB_CODE
+—> ?PR?PUTCHAR?PUTCHAR

?PR?FUNC2?MAIN1 0008H
+—> ?PR?PRINTF?PRINTF

**% WARNING 13: RECURSIVE CALL TO SEGMENT
SEGMENT: ?CO?MAIN1
CALLER: ?PR?FUNC1?MAIN1

*** WARNING 13: RECURSIVE CALL TO SEGMENT

SEGMENT: ?CO?MAIN1
CALLER: ?PR?FUNC2?MAIN1

8.4.2.4 Function Jump Table Warning Solution

0001H

0014H

0001H

Thesolutionisto usethe OVERLAY command when linking thus:

mainl.obj &
to mainl.abs &

OVERLAY (?CO?MAIN1 ~ (funcl,func2), main ! (funcl, func2))

Thisdeletesthereferenceto funcl & 2 fromthe 2CO?MAIN1 segment and insertsthetruereferencefrom maintofuncl

& func2.

Thelinker output is now thus:

OVERLAY MAP OF MODULE: MAIN1.ABS (MAINL1)
SEGMENT BIT-GROUP DATA-GROUP
+—> CALLED SEGMENT START LENGTH START LENGTH

?C_C51STARTUP
+—> ?PR?MAIN?MATIN1

?PR?MAIN?MAIN1
+—> ?CO?MAIN1
+—> ?C_LIB_CODE
+—> ?PR?FUNC1?MAIN1
+—> ?PR?FUNC2?MAIN1

?PR?FUNC1?MAIN1 0008H
+—> ?CO?MAIN1
+—> ?PR?PRINTF?PRINTF

?PR?PRINTF?PRINTF 0020H.0 0001H.1 0009H
+—> ?C_LIB_CODE
+—> ?PR?PUTCHAR?PUTCHAR

?PR?FUNC2?MAIN1 0008H

+—> ?CO?MAIN1
+—> ?PR?PRINTF?PRINTF
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8.4.2.5 Multiple Call To Segment Warning (Hazardous)

Thiswarning generally occurs when afunctionis called from both the background and an interrupt. This means that
potentially theinterrupt may call the function whilst it isstill running, asaresult of abackground level call. Theresult
could be the over-writing of thelocal datain the background. The fact that the offending functionisalso overlaid with
other background functions makes the chances of failure very high. The simplest solution isto declare the function as
REENTRANT sothat thecompiler will generateal ocal stack for parametersand variables. Thusoneachcall tothefunction,
anew set of parameters and local variables are created without destroying any existing ones from the current call.

Unfortunately this significantly increases the run time and code produced. Another possihility isto make a second and
renamed version of the function, one for background use and onefor interrupt. Thisissomewhat wasteful and presents
amaintenance problem, as you now have effectively two versions of the same piece of code.

In many casesthe situation is not aproblem, as the user may have ensured that the reentrant use could never occur, but
isleft withthelinker warning. However this must be viewed as dangerous, particularly if morethan one programmer is
involved.

#include <stdio.h>
#include <reg517.h>

void funcl (void) {
unsigned char 1i1,al[15] ;
for(il = 0 ; i1 < 10 ; il++) {
alfil] = i1 ;

}
}

void func2 (void) {

unsigned char i2,a2[15] ;

for(i2 = 0 ; 12 < 10 ; i2++) {
a2[15] = i2 ;
}
}
main() {
funcl () ;
func2 () ;

}

void timerO_int (void) interrupt 1 {
funci () ;

} AAAAAAAAAAAAAAAAAAAAAAA

End of Module

This produces the Ilinker map:

OVERLAY MAP OF MODULE: MAIN2 (MAIN2)
SEGMENT DATA-GROUP
+—> CALLED SEGMENT START LENGTH

?PR?TIMERO_INT?MAIN2
+—> ?PR?FUNC1?MAIN2

?PR?FUNC1?MAIN2 0017H O0OFH

?C_C51STARTUP
+—> ?PR?MAIN?MAIN2

?PR?MAIN?MAIN2
+—> ?PR?FUNC1?MAIN2
+—> ?PR?FUNC2?MAIN2

?PR?FUNC2?MAIN2 0017H O0OFH

D:0007H SYMBOL i1 // Danger!
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D:0017H SYMBOL al

D:0007H SYMBOL i2
D:0017H SYMBOL az

***  WARNING 15: MULTIPLE CALL TO SEGMENT
SEGMENT: ?PR?FUNC1?MAIN2

CALLER1: ?PR?TIMERO_INT?MAIN2
CALLER2: ?C_C51STARTUP

8.4.2.6 Multiple Call To Segment Solution

The solution is to:

(i) DeclarefunclasREENTRANT thus:
void funcl(void) reentrant ({ }

(ii) UseOVERLAY linker optionthus:

main2.obj &
to main2.abs &
OVERLAY (main ~ funcl,timer0_int ~ funcl)

to break connection between main and funcl and timerO_int and funcl.

OVERLAY MAPOFMODULE: MAIN2.ABS(MAIN2)

SEGMENT DATA-GROUP
+—> CALLED SEGMENT START LENGTH

?C_C51STARTUP
+—> ?PR?MAIN?MAIN2

?PR?MAIN?MAIN2
+—> ?PR?FUNC2?MAIN2

?PR?FUNC2?MAIN2 0017H 00OFH

***  WARNING 16: UNCALLED SEGMENT, IGNORED FOR OVERLAY PROCESS
SEGMENT: °?PR?FUNC1?MAIN2

Thismeansthat the saf eoverlaying of funcl with other background functionswill not occur. Removingthelink only with
the interrupt would solve this:

main2.obj &
to main2.abs &
OVERLAY (timer0_int ~ funcl)

Another route would be to disable all overlaying but thisislikely to eat up large amounts of RAM very quickly and is
thus a poor solution.

main2.obj & to main2.abs & NOOVERLAY

WiththeMULTIPLECALL TOSEGMENT WARNINGtheonlyrealy“safe” solutionistodeclarefunclasREENTRANT,
with the duplicate function a good second. The danger of using the OVERLAY command is that a less experienced
programmer new to the system might not realisethat theinterrupt isrestricted astowhenit can call thefunctionand hence
system quality is degraded.

8.4.3 Overlaying Public Variables

All the preceding examplesdeal withtheoverlaying of localsand parametersat afunctionlevel. A caseoccurredrecently
inwhichthe programwassplitintotwo distinct halves; thedividetaking placevery early on. Toall intentsand purposes
the 8051 was able to run one of two completely different application programs, based on some user input during
initialisation.

Each program half had alarge number of public variables, some of which were known to both sides but the majority of
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which werelocal toonesideonly. Thisisamost multitasking.

Thistypeof programstructurereally needsanew storageclasslike*GLOBAL”, with public meaning availabletoacertain
number of modulesonly. GLOBA L wouldthenbeavailabletoall modules. Thenew C166 supportsthistypeof task-based
variable scope. Unfortunately C51 does not, so afix isrequired.

Thelinker’ sOVERLAY command doesnot help, asit only control stheoverlaying of local and parameter data. Onepossible
solutionusesspecial modulestodeclarethepublics. Modul el declaresthe publicsfor program (task1); Module2 declares
the publicsfor program?2 (task2). Finally, Module3 declares the publics which are available to both sides.

Thetrick thenisto usethelinker tofix the data segments on Modulel and Modul €2 at the same physical address, whilst
allowing Module3' svariablesto be placed automatically by the linker.

This solution uses three special modules for declaring the publics:

/* Example of creating two sets of public data */
/*in same memory space */

extern void mainl (void) ;
extern void mainO(void) ;

/* Main module where system splits into two parts */

void main(void) {

bit flag ;

if (flag) {
maino () ; // Branch 0
1

else {
mainl () ; // Branch 1

} AAAAAAAAAAAAAAAAAAAAAAA

End of Module

/* Module that declares publics for branch 2 */

/* Publics for branch 2 */

unsigned char x2,y2 ;

unsigned int z2 ;

char a2[0x30] ;

/* A variable which is accessible from both branches */
extern int common ;

AAAAAAAAAAAAAAAAAAAAAAA

End of Module

void maino (void) {

unsigned char c0 ; /* Local - gets overlaid with cl in*/
/*other branch */

X2 = 0x80 ;

v2 = x2 ;

cO0 = y2 ;

Z2 = X2*y2 ;
a2[2] = x2 ;
common = z2 ;

}

AAAAAAAAAAAAAAAAAAAAAAA

End of Module

/* Module that declares publics for branch 1 */
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/* Publics for branch 1 */

unsigned char x1,yl ;

unsigned int 2zl ;

char al[0x30] ;

/* A variable which is accessible from both branches */

extern int common ;

void mainl(void) {

char cl1 ;
x1 = 0x80 ;
vl = x1 ;
cl = yl1 ;

zl = x1*yl ;
all2] = x1 ;

common = zl ;

AAAAAAAAAAAAAAAAAAAAAAA End of Module

/* Module that declares variables that both */
/*branches can access */

int common ; /* A variable common to both branches */
ARARAAAANAANNANAAAAANAAA oo oo e
/* Linker Input */

151 t.obj,tl.obj,t2.0bj,com.obj to t.abs
DATA (?DT?T1(20H) ,?DT?T2 (20H) )

The choice of “20H” for the location places the combined segments just above the register banks.

Themain problemwiththisapproachisthataDATA overlay warningisproduced. Thisisnot dangeroushbutisobviously
undesirable.
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9 Other Cs51Extensions

9.1 Special Function Bits

A frustration for assembler programmerswith the old C51 version wasthe need to use bit maskswhen testing for specific
bitswith charsandints, despitetherebeing agood set of bit-orientated assembler instructionswithinthe8051. Inversion
3, however, itispossibletoforcedatainto the bit-addressablearea(starting at 0x20) wherethe 8051’ shit instructionscan
be used.

An exampleistesting the sign of achar by checking for bit = 1.

Here the char is declared as “ bdata” thus:
bdata char test_char ;

sign_bit 1is defined as:

A

sbit sign bit = test_char 7

to use this:

test_char = counter ;
if (sign bit) { /* test char is negative */ }

the opcodes executed are;

MOV A, counter ;
MOV test_char,A ;
JNB 0, DONE ;
/* Negative */

DONE :

All of whichisalot faster than using bit masks and &'s!

Theimportant pointsarethat the“bdata” tells C51 and L51 that thisvariableisto be placed in the bit-addressable RAM
areaand the “shit sign_hit = test_char ~ 7" tells C51 to assume that abit called sign_bit will be located at position 7 in
the test_char byte.

Byte Number: test_char 20H Start Of BDATA area
Bit Number: 0,1,2,3,4,5,6,7<— sign_bit

Byte Number: 21H

Bit Number: 8,9,10,11,12,13,14,15

Byte Number: 22H

Bit Number: 16,17,18,19,20,21,22,23,24.....

The situation with intsis somewhat more complicated. The problem isthat the 8051 does not store things as you first
expect. Thesamesign test for anint would require bit 7 to betested. Thisisbecause the 8051 storesint’s high byte at
the lower address. Thus bit 7 isthe highest hit of the higher byte and 15 is the highest bit of the lower.

Byte Number: test_ int (high) 20H
Bit Number: 0,1,2,3,4,5,6,7

Byte Number: test_ int+1(low) 21H
Bit Number: 8,9,10,11,12,13,14,15

Bit locations in an integer

9.2 Support For 80C517/537 32-bit Maths Unit

Thelnfineon 80C537 and 80C517A group have aspecial hardware mathsunit, theMDU, aimed at speeding-up number-
crunching applications.

9.2.1 The MDU - How To Use It

Toallow the8051 to copewith 16 and 32-hit (“int” and “long™) multiplication and division, the Infineon 80C517 variant
has a special maths co-processor (MDU) integrated on the cpu silicon. A 32-bit normalise and shiftisalso included for
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floating point number support. It also has 8 data pointers to make accessing external RAM more efficient.

The compiler can take advantage of these enhancementsif the“M OD517” switch isused, either asa#pragmaor asa
commandlineextension. Thiswill resultintheuseof theM DU to perform> 8-bit multipliesand divides. However aspecia
set of runtimelibrariesisrequired from Keil for linking.

Usingthe MDU will typically yield aruntimeimprovement of 6 to 9timesthe basic 8051 cpu for 32-bit unsigned i nteger
arithmetic.

Optionally the blanket use of the 80C517 enhancementsafter M OD517 can be sel ectively disabled by theNOM DU and
NODP pragmas. Predictably NOM DU will inhibit theuseof themathsunit, whileNODPwill stoptheeight datapointers
being used.

9.2.2 The 8 Datapointers

To speed up block data moves between external addresses, the 517A has 8 datapointers. These are only used by C51
inthe memcpy() and strcpy() library functions.

Thegenera “MOD517” switchwill enabletheir use. Notethat thestrcat() routinedoesnot usetheadditional datapointers.

If theextrapointersareto beused bothinbackground andinterrupt functions, the DPSEL register isautomatically stacked
on entry to the interrupt and anew DPSEL value allocated for the duration of the function.

9.2.3 80C517 - Things To Be Aware Of

The80C517 MDU isused effectively like ahardware subroutine, asit isnot actually part of the 8051 cpu. Assuchitis
subject to normal sub-routinerulesregarding re-entrancy. If, asan example, both abackground program and aninterrupt
routinetry tousetheM DU simultaneously, thebackground cal culationwill becorrupted. ThisisbecausetheMDU input
and output registers are fixed locations and the interrupt will simply overwrite the background values.

To allow the background user to detect corruption of the MDU registers, the MDEF hit is provided within the ARCON
register. After any background use of theM DU, acheck should bemadefor thisflag being set. If so, thecal cul ation must
be repeated. Appropriate use of the NOM DU pragma could be used instead.

Note: the compiler does not do this - the user must add the following code to overcome the problem:

#pragma MOD517
#include “reg517.h"

long x,¥y,z ;
func ()
{
while (1)
{
x=v / z ; /* 32-bit calculation */
if (MDEF == 0) /* If corruption has */
{ break ; } /* occurred then repeat */
} /* else exit loop */

9.3 87C751 Support
ThePhilips87C751 differsfromthenormal 8051 CPU by having a2k code spacewith no optionfor external ROM. This

rendersthelong LIMPand LCALL instructionsredundant. To copewiththisthecompiler must beforcedtonot generate
long branch instructions but to use AJMPs and ACALLSs instead.

9.3.1 87C751- Steps To Take
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1 InvokeC51with:
C51 myfile.c ROM(SMALL) NOINTVECTOR or wuse “#pragma ROM(SMALL)”

2 UsetheINIT751.A51 startupfileintheLIB directory.
3 Do not use floating point arithmetic, integer or long divides, printf, scanf etc., asthey all use LCALLS.

4, A specia 87C751 library packageisavailablewhich will contain short call versions of the standard library
routines.

9.3.2 Integer Promotion

Automaticinteger promotionwithin“|F” statementsisincorporated inversion >= 3.40to meet recent ANSI stipulations
inthisarea. Thismakes porting code from Microsoft or Borland PC C compilersmuch easier. Thusany char(s) within
aconditional statement are pre-cast to int before the compareis performed. This makes some sense on 16 bit machines
whereintisasefficient aschar but, inthe 8051, char isthe“ natural” sizefor dataand so someloss of efficiency results.

Fortunately Keil have provided “ #pragmaNOINTPROMOTE" to disablethisfeature! Inthiscaseexplicit castsshould
be used if another data type might result from an operation.

To show why this#pragmaisimportant, this C fragment’ s code sizes are influenced thus:

char ¢ ; unsigned char cl, c2 ; int 1 ;
main() {
if((char)c == Oxff) ¢ = 0 ;
if((char)c == -1) ¢ = 1 ;

i (char)c + 5 ;

if((char)cl < (char)c2 + 4) cl = 0 ;
}

CodeSizes

47 bytes - C51 v3.20

49 bytes - C51 v3.40 (INTPROMOTE)

63 bytes - C51 v3.40 (NOINTPROMOTE)

Again thisgoesto show that C portability compromises efficiency in 8051 programs...
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10 Miscellaneous Points
10.1 Tying The C Program To The Restart Vector

Thisisachievedby theassembler file* STARTUP.A51". Thisprogramsimply placesaL IMPSTARTUPat | ocation C:0000
(Lowest EPROM location).

The startup routine just clears the internal RAM and sets up the stack pointer. Finally it executesa LIMP to “main”,
(hopefully) thefirst function in the C program.

LJMP main

main ()
{
1

In fact this need be the only assembler present in a C51 program.
10.2 Intrinsic Functions

Thereareanumber of special 8051 assembler instructionswhich are not normally used by C51. For the sake of speed it
is sometimes useful to get direct access to these.

Unlikethenormal C51‘>>" functions, _cror_allowsdirect usage of an 8051 instruction set feature, inthiscasetheRR
A” (rotateaccumulator). Thisyieldsamuch faster result than woul d be obtained by writing oneusing bitsand the normal
>> operator. Therearealso _iror_and _Iror_intrinsic functionsfor integer and long dataas well.

The nop_ function simply adds an in-line NOP instruction to generate a short and predictable time delay. Another
function, _testhit_, makes use of the JBC instruction to allow ahit to be tested, a branch taken and the bit cleared if set.
The only extra step necessary isto include “intrins.h” inthe C51 sourcefile.

Hereisan example of how the _testhit () intrinsic function is used to save a CLR instruction:

#include <intrins.hs>

unsigned int shift reg = 0 ;
bit test flag ;

7
7
7
7
7
7
7
7

void main(void) {
RSEG ?PR?main?T
USINGO
; SOURCE LINE # 12

/* Use Normal Approach */

test_flag = 1 ;
; SOURCE LINE # 14
SETB test_flag

; if (test_flag == 1)
; SOURCE LINE # 16
JNB test_flag,?C0001
; test_flag = 0 ;
; SOURCE LINE # 17
CLR test_flag
; P1 = Oxff ;
; SOURCE LINE # 18
MOV P1,#0FFH

; }

?2C0001:

; SOURCE LINE # 19

7
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/* Use Intrinsic Function */

i test_flag = 1 ;
; SOURCE LINE # 21
SETB test_flag

; if (!_testbit_(test_flag)) {
; SOURCE LINE # 23
JBC test_flag,?C0003
; Pl = Oxff ;
; SOURCE LINE # 24
MOV  P1,#0FFH
; }

; SOURCE LINE # 25
; }

?C0003:
RET

; END OF main
END

; SOURCE LINE # 27

See pages9-17 inthe C51 Manual

10.3 EA Bit Control #pragma

Whilst theinterrupt modifier for function declarations remainsunchanged anew directive, DISABLE, alowsinterrupts
tobedisabledfor thedurationof afunction. Notethat thiscanbeindividually appliedto separatefunctionswithinamodule
but isgiven asa#pragmarather than as part of the function declaration. Although not verified yet, DISABLE givesthe
user some control over the EA or EAL bit.

10.4 16-Bit sfr Support

Another new featureisthe 16-hit sfr type. Within expanded 8051 variantsin particular, many 16-bit timer and capture
registersexist. Rather than having to load the upper and lower bytesindividually with separate C statements, the sfr16
typeisprovided. The actual addressdeclared for a 16-hit sfr inthe header fileisawaysthelow byte of the sfr. Now to
load a16-hit sfr from C, only asingleint load isrequired. Bewarned - 8-hit instructionsarestill used, so the 16-bit |oad/
read isnot indivisible - odd things can happen if you load atimer and it overflows during the process! Notethat usually
only timer 2 or above has the high/low bytes arranged sequentially.

10.5 Function Level Optimisation

Optimisation levels of 4 and above are essentially function optimisations and, as such, the whole function must be held
inPC memory for processing. If thereisinsufficient memory for this, awarningisissued and the additional optimisation
abandoned. Code executionwill still be correct however. See p1-8inthe C51 manual.

10.6 In-Line Functions In Cx1

Oneof thefundamentalsof Cisthat codewithawell-definedinput, output andjobisplacedintoafunctioni.e. asubroutine.
Thisinvolves placing parameters into a passing area, whether a stack or aregister, and then executing a CALL. Itis
unavoidable that the call instruction will use two bytes of stack.

In most 8051 applicationsthisnot aproblem, asthereisgenerally 256 on-chip RAM potentially availableasstack. Even
after allowing for afew registerbanks, there is normally sufficient stack space for deeply nested functions.

However inthe case of the 8031 and reduced devicessuch asthe87C751, every byte of RAM iscritical. Inthelatter case
there are only 64 bytes!

A trick which can both save stack and reduceruntimeisto usemacroswith parameterstoactlike"in-line” functions. The

ability to createmacroswithreplaceabl eparametersisnot commonly used but onlimited RAM variantsit canbevery useful.

Here astrcpy() functioncreated asamacronamed* Inline_Strcpy”, whilstitlookslikeanormal function, it doesnot actually
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have any fixed addresses or local data of itsown. The '\’ characters serve to allow the macro definition to continue to
anew ling, in this case to preserve the function-like appearance.

Itis“called” likeanormal function with the parametersto be passed enclosedin (). However no CALL isused and the
necessary codeis created in-line. The end result isthat a strcpy is performed but no new RAM or stack is required.

Please note however, thedrawback with thisvery simple exampl eisthat the source and destination pointersaremodified
by the copying process and so is rather suspect!

A further benefit in thisexampleisthat the notional pointerssl and s2 are automati cally memory-specific and thusvery
efficient. Thusin situations where the same function must operate on pointer datain avariety of memory spaces, slow
generic pointers are not required.

#define Inline Strcpy(sl,s2) {\ while((*sl = =*s2) != 0)}\
{\*s1++ ; *s2++; }\
}
char xdata *out buffx = { v}
char xdata *in buffx = { “Hello” } ;
char idata *in buffi = { “Hello” } ;
{

char idata *out buffi = A “} ; char code *in buffc = ({
“Hello” } ;
void main(void)

Inline_Strcpy (out_buffx,in_buffx) // In line functions

Inline_Strcpy(out_buffi,in buffi)
Inline_Strcpy(out_buffx,in buffc)

}

Another good exampl e of how amacro with parameterscan beused to aid sourcereadability isintheoptimisationfeature
in Appendix D. Theinterpolation calculation that originally formed a subroutine could easily be redefined asamacro
with 5 parameters, realising aram and run time saving at the expense of code size.

Notethat ‘1’ , thefifth parameter, representsthereturnvaluewhich hastobe passed” tothemacrosothat it hassomewhere
to put the result!

#define interp sub(x,y,n,d, r) y -= x ; \
if(lcy) { r = (unsigned char) (x +(unsigned char) (((unsigned
int) (n * y))/d)) ;)\
} else { r = (unsigned char) (x - (unsigned char) (((unsigned int)(n * -y))/d4)) ; }

Thisisthen called by:

/*Interpolate 2D Map Values */
/*Macro With Parameters Used*/

interp_sub(map_xlyl,map_x2yl,x templ,x temp2,result_yl)
and later it 1s reused with different parameters thus:

interp_sub(map_xly2,map_x2y2,x templ,x temp2,result_y2)

To summarise, parameter macros are agood way of telling C51 about ageneralised series of operationswhose memory
spaces or input values change in programs where speed or RAM usageis critical.
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11 Some C51 Programming Tricks
1.1 Accessing Ro etc. directly from Cs1
A C51 user was using existing assembler routinesto perform aspecific task. For historical reasonsthe 8 bit return value

fromtheassembl er wasl eftin RO of register bank 3. Ordinarily C51wouldreturncharsin R7 andthereforesimply equating
avariableto the assembler function call would not work.

Thesolutionwasto declarean uncommitted memory specific pointer totheDATA area. Atruntime theabsoluteaddress
of theregister (here 0x18) was assigned to the pointer. Thereturn value wasthen picked up viathe pointer after exiting
the assembler section.

/*** Example Of Accessing Specific Registers In C *x*%/
char data *dptr ; // Create pointer to DATA location

/* Define Address Of Register */
#define RO_bank3 0x40018L /* Address of RO in */
/* bank 3, 4 => DATA space */

char x,y ;

/* Execute */

main() {

dptr = (char*) RO_bank3 ; // Point at RO, bank3
x = 10 ;

dptr[0] = x ; // Write x into RO, bank3

y = *dptr ; // Get wvalue of RO, bank3

}

An alternative might have been to declare a variable to hold the return value in a separate module and to use the linker
tofix that module’ sDATA segment address at 0x18. Thismethod ismore robust and code efficient but is considerably
lessflexible.

1.2 Making Use Of Unused Interrupt Sources

Oneproblemwiththe 8051 isthelack of aTRAP or softwareinterrupt instruction. While C166 usershavetheluxury of
real hardware support for such things, 8051 programmers have to be more cunning.

A situation arose recently where the highest priority interrupt function in asystem had to run until acertain point, from
whichlesser interruptscould then comein. Unfortunately, changing theinterrupt priority registerspart way throughthe
interrupt function did not work, thelesser interruptssimply waiting until the RET 1. Thesolutionwasto hijack the unused
A/D converter interrupt, IADC, and attach the second section of theinterrupt functiontoit. Then by deliberately setting
the IADC pending flag just beforetheclosing “}”, the second section could be madeto runimmediately afterwards. As
the priority of the ADC interrupt had been set to alow level, it wasinterruptable.

/* Primary Interrupt Attached In CCO Input Capture */
tde_int() interrupt 8 {
/* High priority section - may not be interrupted */
/* Enable lower priority section attached to */

/* ADC interrupt */

IADC
EADC

}

/* Lower priority section attached to ADC interrupt */

1 ; // Force ADCinterrupt
1 ; // Enable ADC interrupt

tdc_int low priority() dinterrupt 10
IADC = 0 ; // Prevent further calls
EADC = 0 ;
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/* Low priority section which must be interruptable and */
/* guaranteed to follow high priority section above */

1.3 Code Memory Device Switching

Thisdodgewasused during thedevel opment of aHEX fileloader for asimple8051 monitor. After receivingahexfileinto
aRAM viatheserial port, thenew filewasto beexecutedin RAM starting from0000H. A complicationwasthat thememory
map had to be switched immediately prior to hitting 0000H.

The solution wasto place the map switching section at Oxfffd so that the next instruction woul d be fetched from 0x0000,
thus ssimulating areset. Ideally all registers and flags should be cleared before this.

#include “reg.h”
#include “cemb537.h"
#include <stdio.h>

main ()

{

unsigned char tx char,rx char,i ;
P4 = map2 ;
v24ini 537() ;
timero_init_537() ;
hexload_ini() ;
EAL = 1 ;

while (download completed == 0)

{

while (char_received fl == 0)
{ receive byte() ; }

tx byte = rx byte ; /* Echo */
hexload () ;
send_byte (tx byte) ;

char received fl = 0 ;

}

real_time_count = 0 ;
while (real_time_count < 200)

{ i}

i = ((unsigned char (code*) (void)) OxFFFD) () ;
// Jump to absolute address.

}

AAAAAAAAAAAAAAAAAAAAAAA

End of Module

NAME SWITCH
; Cause PC to roll-over at FFFFH to simulate reset
P4 DATA OE8H
CSEG AT OFFFDH
MOV ~ P4,#02Fh ;
END
AAAAAAAAAAAAAAAAAAAAAAA

End of Module “MAPCON”
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There are other ways of doing this. For instance the code for the MAPCON module could be located at link time thus:

CODE(SWITCH(OFFFDH)), sodispensingwiththe* CSEGAT” .

1.4 Simulating A Software Reset

Inasimilar veintotheabove, the 8051 doesnot possessasoftwarereset instruction, unlikethe 80C166 etc.. Thismethod

uses abstract pointers to create a call to address zero, thus simulating a software reset.

However it should be remembered that all internal |ocations must be cleared before the CPU can be considered properly

reset! The return address must be reset as the stack still contains the return address from the call.

7
7

; void main(void)

RSEG ?PR?main?T1
USINGO
main:
; SOURCE LINE # 9
;  ((void (code*) (void)) 0x0000) () ;
; SOURCE LINE # 11
LCALL 00H ; Jump to address ZERO!
i}
; SOURCE LINE # 13
RET

; END OF main
1.5 The Compiler Preprocessor - #define

Thisisredly just atext replacement device.

It can be used to improve program readability by giving constants meaningful names, for example:
#define fuel constant 100 * 2

so that the statement temp = fuel_constant will assign the value 200 to temp.
Note that the preprocessor only allows integer calculations.

Other more sophisticated examplesaregivenin the C51 manual, pages 4-2.
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12 C51Library Functions

Oneof themain characteristicsof Cisitsability to allow complex functionsto be constructed from the basic commands.
To save programmer effort many common mathematical and string functionsare supplied ready compiledintheform of
libraryfiles.

12.1 Library Function Calling

Library functions are called as per user-defined functions, i.e.;

#include ctype.h

{
char test_byte
result = isdigit(test_byte)

}

where“isdigit()” isafunction that returnsvalue 1 (true) if thetest_byteisan ASCII character intherange0to 9.

The declarations of the library functions are held in fileswith a“.h” extension - see the above code fragment.
Examplesare:

ctype.h,
stdio.h,
string.h etc..

These are included at the top of the module which uses alibrary function.

Many common mathematical functionsareavailablesuchaslin, log, exp, 10x, sin, cos, tan (and thehyperbolicequivalents).
These all operate on floating point numbers and should therefore be used sparingly! The include file containing the
mathematical function prototypesis“math.h”.

Library filescontain many discrete functions, each of which can be used by aC program. They are actually retrieved by

thelinker utility coveredinsection8. Thesefilesaretreated aslibrariesby virtueof their structurerather thantheir extension.
Theinsertion or removal of functionsfrom such afileisperformed by alibrary manager called LI1B51.

12.2 Memory-Model Specific Libraries

Each of the possiblememory model srequiresadifferent run-timelibrary file. Obviously if theLARGE model isusedthe
coderequired will bedifferentforaSMALL model program.

Thuswith C51, 6 different library filesare provided:

C51S.LIB - SMALL model
C51C.LIB - COMPACT model
C51L.LIB - LARGE model

plusthree additional files containing floating point routines aswell asthe integer variety.
C51library functionsareregisterbank independent. Thismeansthat library functions can be used freely without regard

tothecurrent REGISTERBANK () or USING status. Thisisamajor advantage asit meansthat library functions can be
used freely within interrupt routines and background functions without regard to the current register bank.
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13 Outputs From Cs1
13.1 Object Files

Being closely related totheoriginal Intel tools, C51 defaultstothelntel object fileformat. Thisisabinary filecontaining
the symbolic information necessary for debugging within-circuit emulatorsetc.. 1t may belinked with object filesfrom
either Intel PLM51 or ASM51 usingtheKeil L51 linker. Thefinal outputisintel OMF51.

Versions>2.3of thecompiler will produceanextended I ntel OM F51 objectfileif the DEBUG OBJECTEXTEND command
lineswitchesareused. Thispassestypeand scopeinformationintothe OMF51 filewhichany debugger/in-circuit emul ator
should beabletouse. Theextensionstotheoriginal Intel format areaproprietary Keil development but havebeenwidely
copied by IAR et al.

13.2 HEX Files For EPROM Blowing

Toblow EPROMsan additional stageisusually necessary to get aHEX file. Thisisan ASCII representation of thefinal
programwithout any symbol information. Almost every EPROM programmer will understand Intel HEX. TheOH51/OHS51
utility performsthe conversion fromthelinker’ sOMF51 fileto the standard 8hit Intel HEX format.

13.3 Assembler Output

Optionally, avalid A51 assembler/C sourcelisting file can be produced by C51 if the SRC command line switchisused.
Thishastheoriginal Csourcelinesinterleaved withtheassembler andisvery useful for getting to know how thecompiler
drivesthe8051.

Do not be tempted to try hand-tweaking the compiler’ sefforts. Whilst you may be ableto save the odd instruction here

and there, you will create atotally unmaintainable program! It is much better to structure source code so that you write
efficient codefromthestart. Simple, efficient C will produce the best 8051 code.
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14 Assembler Interfacing To C Programs

The calling of assembler routines from C51 is not difficult, provided that you read both this and the user manual.

14.1 Assembler Function Example

Theexamplebelow istaken from areal application where an EEPROM wasbeing writtenin apage mode. Because of a
30ustimeout of thismode, the 25usruntimeof the C51 codewasviewed asbeing abit marginal. It wasthereforedecided
to codeit in assembler.

If anassembl er-coded functionistoreceiveno parametersthen anordinary assembl er | abel at thebeginning of thefunction
issimply called like any C function. Note that an extern function prototype must be given after the style of:

Ch1File

extern void asm_func(void).

AS51File

ASM_FUNC: MOV A,#10 ; 8051 assembler instructions

Should there be parametersto be passed, C51 will placethefirst few parametersinto registers. Exactly how it doesthis
isoutlined in section

The complication arises when there are more parameters to be passed than can be fitted into registers.

Inthiscasetheuser must declareamemory areaintowhichtheextraparameterscanbeplaced. Thustheassembler function
must have aDATA segment defined that conforms to the naming conventions expected by C51.

In the example below, the segment

“?DT? WRITE_EE_PAGE?WRITE_EE SEGMENT DATA OVERLAYABLE”

does just that.

Thebest adviceistowritethe Cthat callsthe assembler and then compilewith the SRC switch to producean assemblable
equivaent. Thenlook at what C51 doeswhenit callsyour asyet unwrittenassembler function. If youstick totheparameter
passing segment name generated by C51 you will have no problems.

Example Of Assembler Function With Many Parameters
CCalingFunction

Within the C program that calls thisfunction the following lines must be added to the calling module/sourcefile:
/* external reference to assembler routine */

extern wunsigned char write ee page (char*,unsigned
char,unsigned char) ;

dummy ()
{
unsigned char number, eeprom page buffer,
ee_page_length ;
char * current_ee_page ;

number = write_ee page (current_ee_page,

eeprom_page buffer, ee_page length) ;
} /* End dummy */
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The assembler routine 1is:

NAME EEPROM WRITE ;

PUBLIC _WRITE EE_PAGE ; Essentiall
PUBLIC ? WRITE_EE PAGE?END ADDRESS ;
PUBLIC ? WRITE EE_PAGE?END BUFFER ;

i

Pé6 EQU OFAH ;

Port 6 has watchdog pin ;
;****************************************************************************
*<<<<<<<<< Declare CODE And DATA Segments For

Assembler Routine >>>>>>>>>>>%
;****************************************************************************;
?PR?_WRITE_EE_PAGE?WRITE_EE SEGMENT CODE ?DT?_ WRITE_EE_PAGE?WRITE_EE SEGMENT DATA
OVERLAYABLE ;

; ,.****************************************************************************
*<<<<<< Declare Memory Area In Internal RAM For Local
Variables Etc. >>>>>>%
;****************************************************************************
RSEG ?DT?_WRITE_EE_PAGE?WRITE; ?_WRITE EE_PAGE?END_ ADDRESS: DS 2 ;
?_WRITE_EE_ PAGE?END_ BUFFER: DS 1 ;
i
; ,.****************************************************************************
*<<<<<<<<<<<<<<< EEPROM Page Write Function >>>>>>>>>>>>>>%
;****************************************************************************

RSEG ?PR?_WRITE EE PAGE?WRITE ;

7

WRITE_EE_PAGE:

CLR EA
MOV DPH, R6 ; Address of EEPROM in R7/R6
MOV DPL,R7 ;
i
MOV A,R3 ; Length of buffer in R3
DEC A ;
ADD A,R7 ; Calculate address of last
MOV ?_WRITE EE_ PAGE?END ADDRESS+01H,A ; byte
in page in XDATA.
CLR A i
ADDC A,R6 i
MOV ?_WRITE_EE_PAGE?END_ ADDRESS, A ;
i
MOV A,R5 ; Address of buffer in IDATA in RS
MOV RO,A ;
ADD A,R3 ;
MOV ?_WRITE_EE_PAGE?END BUFFER,A ;
i
LOOP : MOV A, @RO ;
MOVX @DPTR, A ;
INC RO i
INC DPTR ;
MOV A,RO ;
CJINE A,?_WRITE_EE_ PAGE?END BUFFER,LOOP ;
i
MOV DPH, ?_WRITE_EE_PAGE?END ADDRESS ;
MOV DPL,?_WRITE_EE_PAGE?END ADDRESS+01H ;
DEC RO i
i
CHECK: XRL P6,#08 ; Refresh watchdog on MAX691
MOVX A, @DPTR ;
CLR C ;
SUBB A, @RO ;
JINZ CHECK ;
i
SETB EA ;
RET ; Return to C calling program
i
END
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14.2 Parameter Passing To Assembler Functions

Intheassembler examplethe parameter “ current_ee page” wasreceivedin R6 and R7. Noticethat thehighbyteisinthe
lower register, R6. Thefact that the 8051 stores high bytes at the low address of any multiple byte object always causes
head scratching!

The" " prefix ontheWRITE_EE_PAGE assembler function nameisaconventiontoindicatethat registersare used for
parameter passing. |f you are converting from C51 version <3.00, please bear thisin mind.

Notethat if you pass more parameters than the registers can cope with, additional spaceistaken in the default memory
space(SMAL L-data, COMPACT-pdata, LARGE-xdata).

14.3 Parameter Passing In Registers

Parameter passing is now possible via CPU registers (RO-R7). Coupled with register auto/local variables means that
function calls can be made very quickly. Up to three parameters may be passed thisway although when using long and/
or float parameters only two may be passed, due to there being 4 bytes per variable and only 8 registers available! To
maintai ncompatibility with 2.5x theNOREGPA RM S#pragmaisprovidedtoforcefixed memory locationstobeused. Those
calling assembler coded functions must take note of this.

Parameter Type Char Int+Spaced ptr Long/Float GenericPtr
Parameter R7 R6/R7 R4-R7 R1R2R3
Parameter R5 R4/R5 R4-R7 R1R2R3
Parameter R3 R2/R3 R1LR2R3
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15 General Things To Be Aware Of

Thefollowing ruleswill allow the compiler to make the best use of the processor’ sresources. Generally, approaching C
from an assembler programmer’ s viewpoint does no harm whatsoever!

15.1
Alwaysuse8-hitvariables: the8051 isstrictly an8-bit machinewithno 16-hitinstructions. char will awaysbemoreefficient
thanint’s.

15.2
Always use unsigned variables where possible. The 8051 has no signed compares, multiplies etc., hence all sign
management must be done by discrete 8051 instructions.

15.3
Try to avoid dividing anything but 8 bit numbers. Thereisonly an 8 by 8divideintheinstruction set. 32 by 16 divides
could be lengthy unless you are using an 80C537!

15.4

Try toavoid using bit structures. Until v2.30, C51 did not support these structures asdefined by ANSI. Having queried
thisomission with Keil, the explanation was that the code produced would be very large and inefficient. Now that they
havebeen added, thishasprovedto beright. Analternativesolutionistodeclarebitsindividualy, usingthe*bit” storage
class, and pass them to a user-written function.

15.5

The ANSI standard says that the product of two 8- bit numbersis also an 8 bit number. This means that any unsigned
chars which might have to be multiplied must actually be declared asunsigned int’s if thereisany possibility that they
may produce even an intermediate result over 255. However itisvery wasteful to useinteger quantitiesinan 8051 if a
char can dothejob! The solutionistotemporarily convert (cast) achar to anint. Herethe numerator potentially could
be 16 bits but the result always 8-bits. The“(unsigned int)” casts ensure that a 16-bit multiply is used by C51.

{

unsigned char =z
unsigned char x ;
unsigned char y ;

z = ((unsigned int) y * (unsigned int) x) >> 8
}
Herethetwo 8-bit numbersx andy are multiplied and then divided by 256. Theintermediate 16-bit (unsigned int) result

is permissible because y and x have been loaded by the multiplier library routineasint’s.

15.6
Calculationswhich consist of integer operandsbut which alwaysproducean 8-bit (char ) dueto careful scaling result thus:
unsigned int x, y ;

unsigned char =z
z = x*y/256 ;

will alwayswork, asC51will equateztotheupper byte(least significant) of theinteger result. Thisisnot machine-dependant
as ANSI dictates what should be done. Also note that C51 will access the upper byte directly, thus saving code.
15.7 Floating Point Numbers

Oneoperandisawayspushed onto anarithmetic stack intheinternal RAM. Inthe SMALL model the8051 stack isused,
but in other model safixed segment iscreated at thelowest avail able addressabovetheregister bank area. Inapplications
whereon-chipRAM isat apremium, full floating point mathsreally should not beused. Fixed pointisafar morerealistic
dternative.
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16 Conclusion

Theforegoing should giveafairideahow the C51 compiler canbe usedinreal embedded program development. Itsgreat
advantageisthat it removes the necessity of being an expert in 8051 assembler to produce effective programs. Really,
forthe8051, C51 shouldbeviewed asauniversal |ow to mediumlevel languagewhich both assembl er and C programmers
can moveto very simply. Accessto on and off-chip peripheralsis painless and the need for assembler device-drivers
isremoved. It will allow well structured programsdevoid of thedreaded “ goto” or “LIMP”. Infact most of theextracode
generated by C over an assembler isemployed in ensuring good program structure rather than just inefficient use of the
8051 instruction set. It offerstrue portability from the 8051 to other processors and, unusually, the reverseisalso true.
Thus existing functions can be re-used, so reducing development time.
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Appendix A

Constructing A Simple 8051 C Program

Oftenthemost difficult stagein8051 C programmingisgettingthefirst programtorun! Evenif youarenot havingtograpple
with C as a new language, the business of dealing with special function registers, interrupts and memory-mapped
peripherals can be a bit daunting.

Thissimpleprogram containsall thebasic stepsrequiredto get an 8051 programtorun. Likeall theclassicfirst programs,
it prints“hello world” down the serial port which isassumed to be connected to adumb terminal.

A First C51 Program
/****************************************************************************

* Main Program - Simplest Version *
****************************************************************************/

/* This program is entered from the reset vector. It simply initialises the serial port,
and

prints “hello world” repeatedly */
/* Declare Memory Model =/

.1.#pragma;#pragma SMALL // Set SMALL model (on-chip RAM only)

#include “\C51P\INC\stdio.h” // Include file contains function prototype for printf.
/* Function Prototype */

void serial0O_init T1(void) ; // Serial port initialisation function
/* Main Loop */

void main (void) // Enter from reset vector

{

serial0_init T1() ; // Initialise serial port 0 timerl baudrate generator
/*** TLoop Forever x%*x%/

while (FOREVER) {

printf (*hello world”) ; // Send message down 8051 serial port forever

}
}

/**************************************************************************
This function initialises Serial Port 0 to run at
4800 Baud wusing the Timer 1 auto-reload mode with a

12MHz XTAL.
Hkok ok ok ok ok ok ok ok ok ok kkk ok kkkkkkkkkkk ok ok kk ok kk ok ok kk ok ok kk ok kkk ok kkkkkkk ok kkkkkkkkkkkkkkkkkk ok /

/* To get 9600 baud with timerl requires an 11.059MHz
crystall =/

void serialO_init_ T1(void)

{

TH1 = 0x0f3 ; /* Timer 1 high byte (= reload value) SMOD = 0, F(Osc) = 12 MHz,
and Timer 1 in mode 2, baudrate of 4800 Baud Timer 1 Interrupt is
disabled after RESET */

TMOD |= 0x20 ; /* Load Timer Mode Control Register Timer 1 under software
control with TR1 as Timer in mode 2(= 8 bit, auto-reload) */
SOCON = 0x52 ; /* Serial connection in mode 1 (= 1 Start-,8 Data-, 1 stop

bit)start enabled Transmitter empty, Receiver empty */
PCON |= 0x80 ; /* SMOD = 1 to double baud rate */

TR1 = 1 ; /* Timer 1 start */
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Thisshould be placed inamodule, preferably called “main.c” and compiled with:
>C51 main.c

Thisproducesafile, ‘main.obj’

Next, link main.obj withtheprintf function, heldinaC51S.LIB library, and fix thelocation of the program:
>L51 main.obj,\c51p\lib\c51s.1lib to exec.abs

ToyieldanIntel OMF51 format file named “ exec.abs’. If you areusing an EPROM programmer, you will need an Intel
HEX file.

UseOHS51.EXEforthis:
>0OHS51 exec.abs

togiveexec.hex anintel HEX file.

Basically thisisall thereisto producing aworking C51 program! Somerefinementsmight betomakesurethatthe C51L1B
DOS environment variabl e has been set to indicate where the C51S.LIB islocated.
To do this, make sure that you have

SET C51LIB=\C51P\LIB
inyour autoexec.bat file.
Likewise, if youalsoadd
SET C51INC=\C51P\INC,
the long and untidy pathname for ‘stdio.h’ can be eliminated.

If C51 has been installed properly, this should have already been done.

Appendix B

Driving The 8051 For Real

Thefollowing example program doesthefollowing typical
8051 tasks:

0] Read a port pin value

(i)  Writeaport pin value

(i)  Generateaperiodictimerinterrupt
(iv)  Transmit dataviathe serial port
(v)  Writeto amemory-mapped port

Itissuggested that to get started you steal sectionsfrom thefollowing program! Although thenfineon 80C537 hasbheen
used as the basis for this, the approaches used are applicable to all 8051 variants.

#include <stdio.h> /* include standard io libs */
#include <reg517.h> /* include 80C517 register set */
#include <math.h> /* include mathematical prototypes */
#include <string.h> /* include string handling functions */
#pragma MOD517 / * Use 80C537 extensions */
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The 8051 areas covered are:

1

Serial Port0 - Polled Mode

- Baudrate generation from timerl
- Baudrate generation from baudrate generator

Analog To Digital Convertor
- Reading valuesinto an array

Frequency Measurement

- Input Capture CCO
TimePulseGeneration

- Output compare CC4

Symmetrical PWM Generation

- CC3 and timer2 overflow

Zero CPU Overhead Asymmetric PWM Generation
- CMx/Compare Timer

Accessing Memory-Mapped Ports

- Viapointers
- With XBYTE][]

R E R R RS EEEEEE S SRR SRR EEE SRR EEE R R R R R R R EREEREEREEEEREEEEEEEEEEEEEEEREEREEEEEEE S

*

Global Definitions *

**************************************************************************/

/***

/***

/***

/***

/***

CCMx PWMS *%*%/

xdata float pwm period = 42.5 ; // Initial period in
us,variable located in
XDATA.

xdata float pwm duty ratio = 50 ; // Initial ratio in %

xdata unsigned int pwm prescale = 0 ;

Analog Inputs *%**/
xdata float analog datal4]; // Floating point array
xdata wunsigned char rx byte;

xdata unsigned char channel 0 = 0 ;
xdata unsigned char channel 1

1}
o

Timer0 Overflow Timebase **%x/
xdata unsigned int real time count = 0 ;

Timed Pulse Generation *%*/

xdata unsigned char marker angle = 128 ;
data unsigned int marker time = 0 ;
unsigned int time for 360 = 0 ;
unsigned int time_ last 360 = 0 ;

xdata unsigned int frequency = 0 ;
xdata unsigned int analog datal0 = 0 ;

Port 1 Bit Definitions ***/
sbit P10 = 0x90; // CCo
sbit P13 = 0x93; // CC3
sbit P14 = 0x94; // cc3
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/*** Symmetrical PWM Generation ***/

xdata unsigned int symm PWM DR = 256 ; // Integer ratio from background
xdata unsigned int symm PWM_period = 2048 ; //PWM Period = 4096us

LR R R R R RS SRR R EEE R R R SRR R SRR E RS E R R R R R R R R R EEEEEEEREEEEREREEEEEEEEEEEEEEEEESEESESSE]

* General Definitions *
****************************************************************************/

#define FOREVER 1
/*** CMx PWM Control ***/

#define Pulse_Width 25 /* 50us marker pulse */
#define PWM Resolution 0.1666667 /* Smallest PWM time is at 12MHz */

/*** Cursor Positioning Escape Codes For VT52 *x*%/
code char LineO[] = 0xlb,’Y’,0x20,0x20,0
code char Linell[] = 0xlb,’Y’,0x21,0x20,0
code char Line2[] = 0xlb,’Y’,0x22,0x20,0
code char Line3[] = 0xlb,’Y’,0x23,0x20,0
code char Line4[] = 0xlb,’Y’,0x24,0x20,0
code char Line5[] = 0xlb,’Y’,0x25,0x20,0
code char Line6[] = 0xlb,’Y’,0x26,0x20,0
code char Line7[] = 0xlb,’Y’,0x27,0x20,0

P e R N e Lt L
e e e e e e

code char Line8[] =
code char Line9[] =
code char LinelO[] =
code char Linell[] =
code char Linel2[] =
code char Linel3[] =
code char Linel4[] =
code char Linel5[] =

0x1b,'Y’,0x28,0x20,0 } ;
0x1b,'Y’,0x29,0x20,0 } ;
0x1b,’Y’,0x2a,0x20,0
0x1b,’Y’,0x2b, 0x20,0
0x1b,’Y’,0x2c,0x20,0
0x1b, 'Y’ ,0x2d, 0x20,0
0x1b,’Y’,0x2e,0x20,0
0x1b,’Y’,0x2f,0x20,0

—_——

P e e e e e T
e e e

code char Clear[] = { o0x0C,0 } ;
code char double bell[] = { 0x07,0x07,0x07,0 } ;
/

LR R R R RS SRR R R R R R R R R R R R R RS E SRR R R R R R R R R EREEEEEEEEREEREEEEEEEEEEEEEEEEESEEESEESS]

* Function Prototypes *
**************************************************************************/

void ad_init (void);

void serial_init (void);

void serial0O_init_BD(void) ;
void serial0O_init_T1(void);
void send byte(unsigned char);
void ad_convert (void) ;

void capture_init (void) ;

extern void control pwm(void) ;

LR R R SRS SRR R SRR SRR SRR R R RS EEEEREEEREEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEREEEEE RS

* This function initialises the A/D convertor (P103 of 517 manual) *
*****************************************************************************/

void ad_init (void)

{

ADCONO &= 0x80 ; // Clear register but preserve BD bit
ADCONO |= 0x01 ; /* Single conversion internal Start Channel 0 */
/
R R R R S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEREEREEEEEREEEEEESEEREEEEEEEEESEESES
* This function will perform three conversions on the A/D convertor reading values
from channels 0 - 3 *

*****************************************************************************/

/* Channel 0 is read using the 10 bit programmable reference method */
void ad_convert (void)

{

unsigned char 1i;
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for(i = 1 ; i < 4 ; i++)
{
ADCONO &= 0x80 ; // Preserve BD bit (80C537 only)
ADCONO |= 1 ;
DAPR =0 ;
while (BSY)

{ i}

analog datal[i]l = ((float) ADDAT * 5) / 255 ;
}
}
LR R RS RS EEE SRR SRR SRR R R RS EEEEEEEE R R R R EEREREEEREREEEEEEEEEEEEEEEEEEEEEREEEEE RIS
* These routines will transmit and receive single characters by Polled use of the
serial Port 0 *

*****************************************************************************/

/* Note: In real applications, an interrupt-driven serial
port is usually preferable to avoid loss of characters.*/

char receive byte(void) /* Polled use of serial port */

if (RI == 1) /* Test for char received */

rx_byte = SOBUF ; /* Place char in rx byte */
RI = 0 ; /* clear flag */

rx_byte = 0 ;

return (rx_byte) ;

}

void send byte(char tx byte) /*Polled use of serial port*/

{

TI = 0; // Clear TI flag
SOBUF = tx byte ; // Begin transmission
while (!TI) {;} // Wait until transmit flag is set

R SRR R R RS EEEEEE S SRR SRR EEE SRR EEEEEEEEEEEREEREEREEEEREEEEEEEEEEEEEEEEEEEEEEEEE S
* This function initialises Serial Port 0 to run at 9600 Baud using the Siemens Baud

rate generator (see P76 of the 517 Manual) *
**************************************************************************/

/* This method does not tie up timerl as on ordinary 8051’s */
void serialO_init_ BD(void)

{

BD = 1; /* Enable Baud rate generator */

PCON = PCON | 0x80; /* Set SMOD to double baud rate */

SOCON = 0x50; /* Mode 1, Receiver enabled */

TI = 1; /* Set Transmit interupt flag for first run through PRINTF */

}
/

R SRR R R RS EEEEEE S SRR SRR R RS EEEEEEEEEREEEEEEEREEREEEEREEEEEEEEEEEEEEEEEREEEEEEE S
* This function initialises Serial Port 0 to run at 4800 Baud using the Timer 1

auto-reload mode. *
**************************************************************************/

/* To get 9600 baud with timerl requires an 11.059MHz
crystal =/

void serialO_init_ T1(void)

{

TH1 = O0x0f3 ; /* Timer 1 high byte (= reload value) SMOD = O,
F(Osc) = 12 MHz,and Timer 1 in mode 2,baudrate of 4800
Baud Timer 1 Interrupt is disabled after RESET */
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TMOD |: 0x20 ; /* Load Timer Mode Control Register Timer 1
under software control with TR1 as Timer

in mode 2(= 8 bit, auto-reload) */

SOCON = 0x52 ; /* Serial connection in mode 1 (= 1 Start-, 8 Data-, 1 stop bit)
start enabled Transmitter empty, Receiver empty */

PCON |= 0x80 ; /* SMOD = 1 to double baud rate */

TR1 = 1 ; /* Timer 1 start */

}

LR R R S RS SRR R SRR SRR SRR R R RS EEEEREEEEEEEEEEEEEREREEEEEEEEEEEEEEEEEEEEEREREEEEE S

* Generate 2ms Timer Tick On Timer 0 *
*****************************************************************************/

/* Entered every timer0 overflow */
void timer0_init (void)

{

TRO = O ;

TMOD |= 01 ; /* 16 bit timer mode */

THO = Oxf8 ; /* Reload with with count for 2ms time base at 12MHz */
TLO = 0x82 ;

TRO = 1 i /* Start timer */

IENO |= 0x02 ; /* Enable Timer 0 Ext0O interrupts */

} /*init_timer 0%/

/

LR R R S RS S SRR R R SRR SRR R R RS EEEEEEEEEEEEEEEEEEREREEEEEEEEEEEEEEEEEEEEEREEREEEEEEE S

* Timer0 Interrupt Service Routine *
*****************************************************************************/

/* An allowance really needs to be made for the fact that the timer is stopped during
the re-
initialisation process */

/* “interrupt” arguments are:
‘1’ => generate interrupt vector at address 8*1 + 3 = 0x0b
‘2’ => Switch to register bank two on entry, restore

original bank on exit */

void timerO_int (void) interrupt 1 wusing 2

{

/* Setup Next Interrupt ***/

IENO &= Oxfd ; /* Clear interrupt flags  */

TRO = 0 ; /* Stop timer */

THO = O0Oxfs8 ; /* Reset timer for next interrupt */
TLO = O0x2f ; /* 2ms at 12 MHZ*/

TRO = 1 ; /* Start timer */

IENO |= 0x02 ;

real_time_count++ ;

A

P6 = 0x08 ;

}

LR R R SRS SRR R R R SRR SRR R R RS SRR EEREEEEEEEEEEEEEREREEEEEEEEEEEEEEEEEEEEEEEREEEEEEE S

* This function sets up the Capture Compare Unit and generates a PWM output on Port
4.0 (Pin 1). See pll2 of the 517 Manual *

* => CTREL = 65536 - 255 for 42.5us period/ overflow rate at 12MHz *
* Compare timer counts from CTREL to 65535 when Port bit is cleared Port bit set when
Compare timer = CMO to give asymmetric 8 bit PWM *

*****************************************************************************/

/* This PWM requires no CPU time and is thus very efficient */

/* On 535 an interrupt service would be required to reload the compare */
/* register */
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void pwm_init (void)

{

union { unsigned int temp ;

unsigned char tmp([2] ; } t ;
CTCON = 0 ; // Basic count time = 166ns
t.temp = -pwm period/PWM Resolution ; // 42.5us
initial period

CTRELH = t.tmp[0] ;

CTRELL = t.tmpl[l] ;

CM1 = t.temp + ((unsigned int) (65536 - t.temp) * pwm duty ratio)/100 ; Initial
duty ratio = 255:1

CMO = CM1 ;

CMSEL = 0 ;

CMSEL | = 1 ; // Assign CMO to compare timer

CMSEL | = 2 ; // Assign CM1 to compare timer

CMEN = 0 ;

CMEN | = 1 ; // Enable port 4.0 as PWM

(front)
CMEN | = 2 ; // Enable port 4.1 as PWM
(rear)

}
/
LR R R SRS SRR RS SRR SRR SRR R R RS SRR EEEEEE R R R R EEEREEEREREEEEEEEEEEEEEEEEEEEEEREREEE RIS
* This function initializes the Output Compare/Input Capture System on Timer2/Port

1. Two captures are enabled: CCO captures an event on Pin 1.0, CCl will be triggered by

a write to the low order Byte CCL1 s

*****************************************************************************/

/* The capcom unit when attached to timer2 1is suitable for
frequency */
/* measurement and pulse generation */

void capture CCO_init (void)

{

T2CON = 0 ;

T211 = 0; /* Timer 2 = 12MHz/24 = 2ugcount */

T210 = 1;

T2PS 1; /* /2 prescae for 2us/count */

CTCON = 0 ;

T2CM = 1 /* Timer 2 compare/capture in mode 1%/

T2R1 = 0 ; /* No autoreload off CCO */

CCEN = 0 ;

CCEN |= 0x01 ; /* Input capture on CCO */

CCEN |= 0x0C ; /* Timer 2 latched into CCl on write
into CCL1 */

CCEN |= 0x80 ; /* CC3 is output compare */

I3FR = 0 ; /* CCO is initially -ve edge
triggered */

P1L | = 0x01L ; /* Put port 1.0 high for input
capture *x/

EX3 =1 ; /* Enable capture interrupt for road
speed */

EX2 =1 ; /* Enable output compare interrupt
for ign0 */

CC4EN= 0x05 ; /* CC4 port 1.4 is output compare

mode 1 */
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IPO =0 ; /* 1Initialise interrupt priorities */

IPL = 0 ;
IP1 |= 0x26 ; /* Make CC4 interrupt 3 priority =/
IPO |= 0x3A ; /* Input capture is 2 priority */

R R R RS S S SRR SRR R SRR R R R R R RS EEEEEEEE R R R R R R R R R R REEEEEREEREEEEEEEEEEEEREEREEEEEEEEE S

* Input Capture Interrupt On Portl.0/CC *

******************************************************************************/

/* On every negative edge at P1.0, this routine is entered*/

/* Frequency calculation is possible using:

frequency = 100000/ (Timer2 Count Time * (this T2 - last
timer2))

= 50000/ (CRC - 1last CRC)

A new pulse 1is generated at a fixed angle after the interrupt using CC4 output compare

- This is the basis for ignition and injection timing in engine management

systems
- The maths unit 1is essential for keeping run times short.

*/
void CCO_int (void) interrupt 10 using 3
{
unsigned int temp ;
/* Calculate Input Frequency */
frequency = 500000 /(unsigned long) (CRC -
time_ last 360) ;
time_for 360 = CRC - time_last_ 360 ;
temp = CRC + (unsigned int)
((unsigned long) ((unsigned long)time for 360 * marker angle)/255)
EAL = 0 ;
marker_time = temp ;
EAL = 1 ;
time_last 360 = CRC ;
}
/

7
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* Generate marker pulse after CCO interrupt *

****************************************************************************/

/* Entered in response to request from CCO interrupt to generate a pulse at a predefined

time
afterwards. */

void marker int(void) interrupt 9 wusing 2

{

unsigned int timer temp ;
EX2 = 0 ;

if (P14 == 0)

{

/* Port Pin Low */
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if ((int) (marker time - CC4 - 500) > 0) {
timer temp = marker_ time ;
}
else {
timer temp = marker_time + time_for 360 ;

}

CC4 = timer temp ;
IEX2 = 0 ;
P14 = 1 ; // Turn on at next compare
EX2 =1 ;
else

{
/* Port Pin High */

timer temp = CC4 + Pulse Width ;
CC4 = timer temp ;

IEX2 = 0 ;
P14 = 0 ; // Turn off at next compare
EX2 =1 ;

}

LR R R SRS SRR RS SRR SRR SRR R R RS EEEEEEEE R R R R EEEREEEREREEEEEEEEEEEEEEEEEEEEEREEEEEE RS

* This function initialises the Output Compare/Input Capture System on Timer2/

* Port 1 to generate a symmetrical PWM on CC4. *
*****************************************************************************/

/* This gives a PWM output where the on-time grows from either side of the timer 2
overflow point */

/* This 1is very useful for motor control as the symmetrical nature of the waveform

reduces
the higher current harmonics circulating in the windings under changing duty ratio
conditions. */

/* Downside 1is that two interrupt services are required per period */

Symmetrical PWM Waveform

< PWM Period >,
T2 Overflow
5v

Ov

A A
PWM On PWM Off

Asymmetrical PWM Waveform

< PWM Period >,

T2 Overflow
5v

Ov.

/\ A
PWM On PWM Off
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void symm_PWM_init (void)

{

T2CON = 0 ; /* Clear configuration register */
T2I1 = 0 ; /* Timer 2 = 12MHz/24 = 2us/count */
T2I0 = 1 ;

T2PS = 1 ; /* /2 prescale for 2us/count */

/* Additional prescale possible on BB step */

T2CM = 1 ; /* Timer 2 compare/capture in mode 1 */
T2R1 = 1 ; /* Autoreload off Ccco */
T2RO = 0 ; /* mode 1 (CRC into Timer2 at rollover)*/

/* Set initial reload value (4096us/2048 steps) */

CRC = -2*symm PWM period ;

ET2 = 1 ; /* Enable timer2 overflow interrupt */
EX3 = 1 ; /*Enable capture interrupt for PWM drivex/
CCEN = 0 ; /* CRC - CC2 unused */

CCEN |= 0x80 ; /* CC3 is symmetrical PWM output */

IPO = 0 ; /* Initialise interrupt priorities */

IP1 = 0 ;

IP1 |= 0x20 ; /* Make CC3/T2 Overflow interrupts

priority 3 */

P10 = 0 ;

}

/****************************************************************************

* Timer 2 Overflow Interrupt *
****************************************************************************/

/* Interrupt at centre point of waveform to create next off point */
/* A good example of where C now givesoverhead when compared with assembler! */
/* USING gives single cycle registerbank switch like ‘166 */

void timer2 overflow(void) interrupt 5 using 2

{

/* Runtime here limits min/max PWM DR */

Pl |= 0x01 ; /* Toggle P1.0 to show centre of PWM */
TF2 = 0 ; /* Clear interrupt request flag */

CC3 = CRC + symm_PWM_DR ;

IEX6 = 0 ;

P13 = 0 ;

EX6 = 1 ;

Pl &= Oxfe ; /* Toggle P1.0 to show centre of PWM */

}

/****************************************************************************
* CC4 Interrupt For Symmetrical PWM *

****************************************************************************/

/* Interrupt at end of first on period of waveform to create next on point */

void symm_ PWM CC3_int (void) dinterrupt 13 wusing 2

{
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/* Runtime here limits min/max PWM DR */

CC3 = -symm_ PWM DR ;

IEX6 = 0 ;

P13 =1 ;

EX6 = 0 ; // No further interrupts this period

}

/****************************************************************************

* Modulate Symmetrical PWM With Analog InputO *

****************************************************************************/

/* Duty ratio is calculated in background to prevent having
to do floating */
/* point calculations in interrupts */

/* Note: As PWM is symmetrical, duty ratio cannot exceed 1/2
period */
void mod_symm_pwm(void) {

union { unsigned int temp ;
unsigned char tmpl[2] ;

e
t.tmp[0] = CRCH ;
t.tmp[1l] = CRCL ;
symm_PWM_DR = ((65536-t.temp)/2 * (5-analog_datall]))/5 ;

}
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* Drive TOC PWM's *
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void configure pwm(void) {

unsigned int temp ;
union { unsigned int temp ;
unsigned char tmp([2] ; } t ;

t.temp = -pwm period/((float)pwm prescale * PWM Resolution) ;

CTRELH = t.tmpl[0] ;
CTRELL = t.tmp[l] ;

CMl1 = t.temp + ((unsigned int) (65536 - t.temp) * pwm duty ratio)/100 ;

}

LR R R R SRS EEEEE SRS R R SRR R R RS EEEEEEEEEEEEEEEEREEREEREEREEEEEEEEEEEEEEEEEEREREEEE SRS S

* Write First Message To Terminal *
****************************************************************************/

/* Whilst many printf’s are used here, in a real program
they would not */
/* in the main program loop due to huge run time */

void initialise screen(void) {
printf (“%s”,Clear) ; // Clear Screen
printf (“%s *** 80C537 Demo Program *** “,Line0) ;
//Print Sign-On
printf (“%s”,Linel) ; // Print Sign-On

}

LR R R R SRS EEEEE SRS R R R SRR R RS EEEEEREEEEEEEEEREEREEREEREEEEEEEEEEEEEEEEEEREREEEE SRS S

* Modulate PWM With Analog InputO *

****************************************************************************/

void mod pwm(void) {

© Copyright Hitex (UK) Ltd. 1996

C51 Primer page 98



union { unsigned int temp ;

unsigned char tmp([2] ; } t ;

t.tmp[0] = CTRELH ;
t.tmp[l] = CTRELL ;
CMO = t.temp + ((65536-t.temp) * (5-analog datalll))/5 ;

}

/****************************************************************************
* Send Information To Terminal *
****************************************************************************/
void print info(void) {

printf (“$sAnalog 0Oa(8bits) = %-1.2f Volts “,Line3,analog_datall]) ;

printf (“$sAnalog 2 (8bits) = %-1.2f Volts “,Line4,analog_datal(2]) ;

printf (“$sPWM Fbck (8bit) = %$-1.2f Volts “,Line5,analog datal[3]) ;

printf (“$sFrequency = %d Hz “,Line6, (unsigned int)frequency) ;

printf (“$sTimer = %d x2 ms “,Line7, (unsigned int) real time_count) ;
}

/****************************************************************************

* Access Memory-Mapped Port *
****************************************************************************/

/* This function receives a port address and a value to
write to it. It returns a value at a fixed address */

#include <absacc.h> // Contains definition of XBYTE[] macro
// ‘<' and ‘>’ mean that the include
// file will be obtained from the
// directory indicated by
// the C51INC DOS environment variable

unsigned char get memory port(unsigned int port address, unsigned char value)

unsigned char port_value ; // Returned variable

unsigned char xdata *port_pointer ; // Declare uncommitted pointer into external
memory space (xdata)

port_pointer = (char*) port_address ; // Make uncommitted pointer point at
required address

*port pointer = value ; // Write value to port

port_value = XBYTE[0x8000] ; // Get value from external address 0x8000

return (port_value)

}

7

/****************************************************************************

* Main Program - Full Version *
****************************************************************************/

/* This program initialises the peripheral functions and then loops around, reading the
A/D converter and transmitting values down the serial port */

void main (void) // Enter from reset vector
{

serialO_init T1() ; // Initialise serial port 0 timerl baudrate generator

ad_init() ; // Initialise A/D converter

capture CCO_init() ; // 1Initialise input capture/T2 for freqg. measurement
// and timed pulse generation /*

symm_PWM init () ; // Generate symmetrical PWM on CC3 (P1.3) */

// (may only be present if capture CCO_init () 1is
// commented out)
pwm_init () ; // Initialise TOC PWM on CMx

timer0_init () ; // Initialise timer 0 overflow 2ms interrupt

EAL = 1 ; // Enable interrupts
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initialise_screen() ; // Write startup message to terminal
/*** TLoop Forever x*x%/
while (FOREVER) {

A

P6 "= 0x08 ; // Refresh MAX691 watchdog every background loop
// This is attached to port 6, bit 3.

ad_convert() ; // Read all analog channels

print_info() ; // Send analog values etc. to terminal

mod_pwm() ; // Modulate PWMO with analog channel 0 input
mod_symm_pwm() ; // Modulate symm PWM with analog channel 0 input

}

Appendix C

Typical C51Performance Figures

For each C operationthenumber of cyclesto executetypical examplesisgivenfor all supported datatypes. Togivesome
ideaof execution times, witha12MHz 8031, onecycleis 1lus. Please notethat timingsfor long and float operationsare
considerably reduced on the Infineon 80C537 dueto its 32 bit maths unit.

Cycle Table Key

Unsigned Char - 8-bits

Char - 8 sign

Unsigned Int - 16-bits

Int - 16 sign

Unsigned Long - 32-bits

Long - 32 sign

float - float (32-bits IEEE single precision)
Notes:

- Timingsinclude parameter | oading pre-amblewhere appropriate.
- Clock speed assumed to be 12MHz (1us/cycle), if not otherwise stated.
- The small memory model was used so that no off-chip ram was employed.

Basic C Mathematical Functions

+ Addition

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float
Cycles: 3 3 6 6 63 63 140
- Subtraction

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float
Cycles: 4 4 7 7 64 64 146
* Multiplication

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float
Cycles: 10 13 46 48 160 160 131
/ Divison

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 8 19 26 39 1611 1624 134
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% Modulo
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 3 3 6 6 63 63 140

Examples

a=b+c;
a=blc ;

Complex Mathematical Functions

sin(x)
float

Cycles: 1553

cos(X)

float
Cycles: 1433
tan(x)

float

Cycles: 2407-9570

exp(x)

float
Cycles: 3002-7870
sre(x)

float
Cycles: 42-2860
log(x)

float
Cycles: 45-6050

Other Maths Functions are:

cosh Hyperbolic cosine

sinh Hyperbolic sine

abs find absolute value

rand generate arandom number
Examples.

X =sin(3.1415926/2) ; findthesineof (PI/2)
x=sgrt(2) ; find square root of x
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Bitwise Functions

These allow direct bit by bit operationsto be performed.

& AND

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign
Cycles: 3 3 6 6 63 63
| InclusveOR

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign

Cycles: 3 3 6 6 63 63

A ExclusveOR
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign

Cycles: 3 3 6 6 63 63
! NOT (Invert)

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign
Cycles: 3 3 6 6 63 63
Examples

a=b & Oxfe; makeaequal toabitwise AND withOxFE (11111110)
a=b|0x01 ; makeaequal toabitwise ORwith 0x01 (00000001)

Two Operand Functions

Make |left side equal to right side
=  testfor left being equal to right

+=  Addtwooperandsandstoreresultinfirst one.
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 1 1 5 5 59 59 140

= Subtract twooperandsand storeresultinfirstone.
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 1 1 5 5 59 59 140

*= Multiply twooperandsand storeresultinfir st one.
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 1 1 5 5 59 59 140

/= Dividetwooperandsand storeresultinfirst one.
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 1 1 5 5 59 59 140
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Example

a=b ; Make aequal tob

if(a==h){} check whether aisequa tob
a+=3 ; aisegual toitself +3

a/=10 ; aisequal toitself divided by 10

Relational And Logical Functions

These are used to test data and are usually used with if() and other control statements.

&& AND

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float
Cycles: 6 6 8 8 28 28 28
I OR

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 6 6 8 8 28 28 28

> Greater than
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 5 9 7 11 85 88 302

< L essthan
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 5 9 7 11 85 88 302

>=  Greaterthanor equalto
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 5 9 7 11 85 88 302

<= Lessthan or equal to
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 5 9 7 11 85 88 302

Examples

if(a > b) |
/* executable code 1 */

if( (a == 1) && (b == 2)) {
/* executable code 1 */

/* Alternative executable code */

Execute code 1 if aisequal to 1 and b equal to 2 otherwise execute the alternative block.

if( (a == 1) || (b == 2)) {
/* executable code */
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}
Executeif aisequal to 1 or bequal to 2

Increment And Decrement

These make direct use of the INC xx opcodes and consequently are very fast. Normally, they are used as part of larger
C expressions where avalue needs incrementing or decrementing.

+ I ncrement
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 1 1 5 5 59 59 140

Decrement
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 1 1 5 5 59 59 140
Examples

i ++ ; Post-increment 1

++ 1 ; Pre-increment i

i - - ; Post-decrement i

- - i ; Pre-increment i

for(i = 0 ; 1 < 10 ; 1) {

Pl = arrayl[i++] ; /* Sequentially write all the */
/* values in array onto Port 1. */
} /* i points to next value after */
/* after current access */
Shifting

Theseallow valuesto be shifted left or right by anumber of bit positions, determined either by aconstant at compiletime
oravariableat runtime.

>> Right shift
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign
Cycles: 7 7 56 56 129 129 (7 shifts)
<< L eft shift
8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float
Cycles: 7 7 56 56 129 129 (7 shifts)
Examples
a << 2 ; shift a left two bit places
a << b ; shift a left by a number of bit positions determined by the value of b
Strings And Arrays

These are anumber of sequential locations that together constitute some sort of larger single data object. Arrays may
besingleor multidimensional, asisBASIC etc.. Stringsareasin BASIC but, because of C’ snear-assembler nature, they
must be handled with care- you must alwaysheawarewherethey end! A truestringisawaysfinishedwithazero, called
the“null terminator”.
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array[4] ; an array of four elements, STARTING at element O

array[4][2] ; a two-dimensional array of four by 2 elements, STARTING at element 0,0

“ABCDEF" ; a true string of ascii characters, with a zero after the last element. It is the use of
doublequotation marks that defines this as a true string. Looking at the memory in which
this was declared would show: 65, 66, 67, 68, 69, 70, 00

{‘AB/C/ D EF } ; an array of ascii characters with no null terminator. Note the { and } defining the limits
of the completedata object.

Examples
char array[4] ; Reserve a RAM area of 4 bytes into which 8 bit data will be put at run-time.
char array[] ={“ABCD” }; Fill a RAM area with ABCDO prior to starting the main() function. The ‘0’ is the null

terminator

Handling Strings And Characters

strepy(*destination,*source) ;
8 element strings

Cycles: 102

- Copy string pointed at by *source to another string pointed at by *destination. The second string is completely
overwritten in the process.

strcat(*destination,*source) ;
8 element strings

Cycles: 913
- Concatenate the string pointed at by * source onto another string pointed at by * destination.

result = strcmp(*destination,*source) ;
8 element strings

Cycles: 152
- Comparetwo stringspointed at by * sourcewith another string pointed at by * destination. If equal, valueof 1isreturned.

result = strlen(*source) ;
8 element string

Cycles: 505

- Find the length of the * source string
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In addition to these functions, a range of other string and character functions are provided to perform tasks such as:

atoi () ascii to integer

atof () ascii to floating point
itof () integer to floating point
isalpha() test for alpha character
isdigit () test for digit

isalnum() test for alpha-numeric

+ many other pre-defined routines.

Examples

char x[10] ;
char *y = “String of chars”

strepy(X,y) ; - Copiesstring pointed at by y to the empty array x. Note, C does not check that x isactually big enough
to hold the string!

Program Control
if (condition) {/* Code */;} else { /* Alternative Code */ ; }
- Perform one of either two blocks of code, depending on the result of a specified condition

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign float

Cycles: 3 3 6 6 79 79 131
for( i = 0 ; 1 < end value ; i1 = i + 1) {/*Executable Codex*/;}
- Repeat executable code until i = end value.

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign

Cycles: 15 17 23 25 227 233

do { /* Executable Code */ ; } while(condition is true) ;
- Perform executable code while conditionistrue

8-bits 8 sign 16-bits 16 sign 32-bits 32 sign

Cycles: 5 6 7 8 79 82

do-case - execute blocks of code determined by the value of a
control variable

No data measured
Examples
if(a == b) { /* Executable codex*/ }

- execute code within bracesif aequal tob
for(i = 0 ; i > end value ; i++) { /* Executable codex/ }
- execute code until i isequal to end value (i.e. not greater than)

do { /* Executable code*/ } while i++ < end value ;
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- execute code whilei lessthan end value
switch(x) {

case 1
y++
break ;

case 2
Y i
break ;

case 3 ;
y *= vy i
break ;

}

- Perform the operation determined by the value of x.
Examples
for(i = 0 ; 1 > end value ; i++) {

/* Executable code*/

if( x == i) {

break ;

}

- execute codeuntil i isequal toend value(i.e. not greater than) but if x isever equal toi then break out of theloop
immediately.

Accessing Bits
Bit A singlebit variable, located in the Bit-addressable memory area

Shit A single bit variable, located in the bit-addressable memory, either inthe user or sfr area. When located
inthe user area, shitisadefined bit within alarger char or int variable.

Examples

bdata char x ;/* x is an 8 bit signed number in the bit area */

A

sbit sign bit = x 8 ; /* bit 8 is the sign bit */

Now to test whether X is negative, the state of sign_bit need only be tested:
if (sign bit) {
/* x 1is negative */ ;

sign_bit = 0 ;

}
Gives.

JNB sign bit POSITIVE
CLRB sign bit

POSITIVE:
Or using anon-shit method:
if(x < 0)

/* x 1is negative */ ;

sign_bit = 0 ;

}
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Gives.

MOV  A,x
ANL A, 080H
JZ POSITIVE
ANL x, 07FH
POSITIVE:

Handling 8051 Ports and SFRs

Examples
Pl = Oxff ; writes value ff to port 1
ADCON |: 0x80 ; OR 80 hex into ADCON
P1%0 = 1 ; set bit 0 of port 1

Getting Data In And Out Of C Programs In The 8051

printf (“string”, *x,*y,...)
- Print the characters, numbers and or strings contained within () to the serial and thenceto aterminal (V T100 etc).

16 * 8-bit characters

Cycles: 3553
scan (&x, ...)

- Storeincoming charactersfromterminal intomemory buffersindicatedwithin (). Notethatthe“ & ” implies*theaddress
of buffer x”.

16 * 8-bit characters

Cycles. Not measurable but similar to“ printf”
Examples

value_1 = 3.000 ;

value 2 = 4.256 ;

printf (“Results Are: %f & %f”,value 1,value_2) ;

“ResultsAre: 3.000& 4.256" isprinted onterminal screen. Herethenumerical valuesof thetwo numbersare substituted
into the two “%f” symboals.

char keyboard buffer[20]

scan(& keyboard_buffer) read incoming characters from terminal keyboard into memory starting at the address of
keyboard buffer.
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Appendix D

A Useful Look-up Table Application

Inareal system, getting atruefloating point sinewould takearound 1ms. Inavery time-critical applicationthismay well
be unacceptable. If only an approximationisrequired, itispossibleto uselinear interpolation to get values between the
known valuesin the table.

Todothis, alook-uptableinterpolator isrequired. Below isacombineoneand two dimensional tableinterpolator, taken
fromareal project. Here, the 2-D capability isnot used!

Note: Theterm“.i.Map;map” isused instead of look-up table.
#include <reg517.h>

*************************************************************************/

/* Main Interpolation Routine */
*************************************************************************/
/* */

/* This routine has been optimised to run as fast as
possible at the **x/

/* expense of code size. Further savings could be made by
re-using temporary RAM. */

/* With a 5 x 5 map, run time is 490us - 735us at 12MHz */

/* or 290us - 400us with 12MHz Siemens 80C537 */

*************************************************************************/

/* Input Map Format: */

/* */

/* { x size,y size, */

/* x_breakpoints, */

/* y_breakpoints, */

/* */

/* map_data } ; */

/* */

*************************************************************************/

unsigned char interp(unsigned char x value,

/* x-axis input */
unsigned char y value,
/* y-axis input */
unsigned char const *map_base
/* pointer to table base */

)
{

/* Declare Local RAM */

unsigned char x size i
unsigned char y size i

unsigned char x offset ;
unsigned char y offset ;
unsigned char x_break_pointl,x_break_point2 ;
unsigned char vy break pointl,y break point2 ;

unsigned char map x1lyl ;
unsigned char map x2yl ;
unsigned char map xly2 ;
unsigned char map x2y2 ;

unsigned char result ;

unsigned char result_yl ;

unsigned char result_y2 ;

unsigned char const *mp ;

unsigned char x templ,x temp2, y temp2 ;
/* Get Size Of Map */

X _size = *map base ;

y_size = map base[l] ;
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/* Create Temporary Map Scanning Pointer */
map_base += 2 ;
x_offset = x size - 1 ;
mp = map_base + (unsigned char)x offset ;
/* Locate Upper and Lower X Breakpoints */
/* Find break point immediately below x-value */
while((x_value < *mp) && (x offset != 0))

{

mp

x offset ;

}

/* Extract Upper And Lower X-Breakpoints From Map */
x_break_pointl = mp[0] ;

x_break_point2 = mp([1l] ;

x_temp2 = (x break point2 - x_break_pointl) ;

/* Safety Check To Prevent Divide By Zero */

if (x_temp2 == 0)
x_temp2++ ;

}
/*
if ((x_offset

{

x_value =

}

x_templ =

== x size - 1) || (x_value <=

x_break_pointl ;

(x_value - x break pointl) ;

/* Locate Upper And Lower Y Breakpoints */

/* Check For 1D Map */

if (y_size != 0)
{
y_offset = y size - 1 ;
mp = map_base + (unsigned char) (x_size + y offset)
while ((y_value < *mp) && (y_offset != 0))
{
y _offset ;
mp
}
/* Extract Upper And Lower Y-Breakpoints */
y_break pointl = mp[0] ;
y_break_point2 = mp[1l] ;
if ((y_offset == y size - 1) || (y_value <=

{

y_value =

}

/* Get Map Values */

y_break pointl ;

map_base += X _size + y size + x size

map_x1lyl = *(map_base) ;
map_x2yl = *(map base + 1) i
/* Interpolate 2D Map Values
/* Defines used to remove need for function calling

#define x map_xlyl
#define y map_x2yl
#define n x_templ
#define d x_temp2
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// bpt2 still

// Ensure denominator never zero

Check For x_value Less Than Bottom Breakpoint Value

in ACC

*/

x_break_pointl))

7

y_break pointl))

* y offset + x offset ;

*/
*/
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y -= x ;

if(rey)
{
result yl = (unsigned char) (x + (unsigned char) (((unsigned int)(n * y))/d)) ;
}
else
{
result_yl = (unsigned char) (x - (unsigned char) (((unsigned int)(n * -y))/d)) ;
}
map xly2 = *(map _base + x_size) i
map_ x2y2 = *(map_base + x_size + 1) ;
#undef x
#undef y
#define x map_x1y2
#define y map_x2y2
Yy -= X ;
if (rey)
{
result y2 = (unsigned char) (x + (unsigned char) (((unsigned int)(n * y))/d)) ;
}
else
{
result_y2 = (unsigned char) (x - (unsigned char) (((unsigned int)(n * -y))/d)) ;
}
#undef x
#undef y
#undef n
#undef d
y_temp2 = (y break point2 - y break pointl) ;

/* Prevent Divide By Zero */
if (y_temp2 == 0) {

y_temp2++ ;

#define
#define

result_yl
result_y2
#define (y_value - vy break pointl)
#define y_temp2
y = X ;
if (1CY)

{

QBN X

result = (unsigned char) (x + (unsigned char) (((unsigned int) (n * y))/d)) ;

result = (unsigned char) (x - (unsigned char) (((unsigned int) (n * -y))/d)) ;

}

} /* End of 2D Section */
else

{

/* 1D Interpolation Only */

map base = map_base + x _size + x offset ;
map_xlyl = map base[0] ;
map_x2yl = map_ base[l] ;

#undef x

#undef vy

#undef n

#undef d

#define x map_xlyl

#define y map_x2yl

#define n x_templ

#define d x_temp2
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y -= % ;

if(rey)
{
result = (unsigned char) (x + (unsigned char) (((unsigned int) (n * y))/d)) ;
}
else
{
result = (unsigned char) (x - (unsigned char) (((unsigned int) (n * -y))/d)) ;

} /* End 1D Section */
return result ;

Here 1is the test harness used to drive it:

/*** Sine Conversion Map *xk )
/* Converts integer angle into sine wvalue, 0-255 */

/* (x_size,y size,
x_breakpoints,
y_breakpoints,

map_ data)
*/
const unsigned char sine table[] = {
07,00,

00,15,30,45,60,75,90,
00,66,127,180,220,246,255

b
/** Test Variables **/
unsigned char input_x val ;
unsigned char input_ y val ;
unsigned char sine value ;
/** Routine To Be Tested **/
extern interp(unsigned char,
unsigned char,
unsigned char const *) ;
/** Global Variables **/
unsigned int angle ;

/** Dummy Harness Program *x/

void main (void)
{
while (1)

{

for(angle = 0 ; angle < 0x100 ; angle++)

sine_value = interp(angle,0,sine_table)

7
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