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Chapter 1. Using GBDK and maccer

Compiling programs

This sectionassumesthatyou have installedGBDK properlyandbuild thelibrariesasperthe
instructionson Pascal’shomepage.

Theprogram’ lcc’ is a front endfor theactualcompiler, assemblerandlinker. It worksout whatyou
wantto do basedoncommandline optionsandtheextensionsof thefilesyougive it, computestheorder
in which thevariousprogramsmustbecalledandthenexecutesthemin order. Someexamplesare:

• lcc -o image.gb source.c - compiletheC source’source.c’,assembleandlink it producingthe
Gameboy image’image.gb’

• lcc -o image.gb source.s - assemblethefile ’source.s’andlink it producingtheGameboy
image’image.gb’

• lcc -c -o object1.o source1.c - compiletheC program’source1.c’andassembleit
producingtheobjectfile ’object1.o’ for laterlinking.

• lcc -c -o object2.o source2.s - assemblethefile ’source2.s’producingtheobjectfile
’object2.o’ for laterlinking

• lcc -o image.gb object1.o object2.o - link thetwo objectfiles ’object1.o’and’object2.o’
andproducetheGameboy image’image.gb’

• lcc -o image.gb source1.c source2.s - do all sortsof cleverstuff by compilingthen
assemblingsource1.c,assemblingsource2.sandthenlinking themtogetherto produceimage.gb.

Argumentsto theassembleretccanbepassedvia lcc using-Wp..., -Wf..., -Wa... and-Wl... to
passoptionsto thepre-processor, compiler, assemblerandlinker respectivly. Somecommonoptionsare:

• -Wa-l to generateanassemblerlisting file.

• -Wl-m to generatea linkermapfile which canthenbeturnedinto a no$gmb.symfile for debugging
usingmaptosym.

• -Wl-gvar=addr to bindvar to address’addr’ at link time.

For example,to compiletheexamplein thememorysectionandto generatea listing andmapfile you
would use:
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Chapter 1. Using GBDK and maccer

lcc -Wa-l -Wl-m -Wl-g_snd_stat=0xff26 -o image.gb hardware.c

NotetheleadingunderscorethatC addsto symbolnames.

Unfortunatlymaccer,MichaelHope’smacropreprocessorfor theassemblerhasto berun seperatlyas
lcc dosntknow aboutit. To turn theassemblerfile with macros’source.ms’into theassemblerfile
’source.s’,use

maccer -o source.s source.ms

If the-o source.s optionisnt specifiedthenmaccerwritesto stdout.If source.ms isntspecified
thenmaccerreadsfrom stdin.

Using Makefiles

Oneof themostusefuldevelopmenttoolsis ’make’, aprogramthatautomaticallykeepsyourobjectfiles
andimagesup to datewith yoursourcecode.It worksby having asetof rulesof how to getfrom onefile
typeto another, which normallyinvolvesrunningaprogram.For exampleby typing ’make image.gb’
makewill look for aC or assemblerfile calledimage.cor image.s,compileit andlink it automatically
creatingtheimageimage.gb. It reallycomesinto its own whenyouhaveaprojectmadeup of multiple
filesasit only recompilesthosethathavechangedsincethelastmake.

A copy of GNU make for DOSis availableaspartof DJGPP.Most Unix systemscomewith make
installed.

A generalMakefile for Gameboy porjectsfollows:

AS = lcc -c
CC = lcc -Wa-l -Wl-m

BIN = astro.gb
OBJS = render.o sin_table.o stars.o debug.o fp_long.o sqrt.o floor.o \

ftou.o sin_cos.o const.o inv_trig.o

all: $(BIN)

%.s: %.ms
maccer -o $@ $<

$(BIN): $(OBJS)
$(CC) -o $(BIN) $(OBJS)

clean:
rm -f $(BIN) $(OBJS) *~

Thefirst two linesconvincemake to uselcc astheassemblerandlinker insteadof thedefault system
ones.TheBIN line specifiesthenameof theimagefile youwantat theend.TheOBJSline specifies
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Chapter 1. Using GBDK and maccer

whatobjectfilesmustbemadefor BIN to bebuilt. The%.s:%.msline tellsmakehow to generate.sfiles
for lcc from .ms(macro)files.

For example,supposethatI changetheassemblerfile ’render.ms’. Whenmake is run, it will find that
astro.gbdependson render.o which in turn dependsonrender.ms.It will thenusemaccerto changethe
astro.msfile to astro.s,thenit will uselcc to assembleastro.sto astro.owhich is finally linkedwith all
theother.o files to createastro.gb
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Chapter 2. The Gamebo y as a Target

8 bits + 6 register s + C = tric ky

TheGameboy is not anidealtargetfor C codedueto acombinationof beingeightbit, having a small
registerset(pity thosewho have the6502asa target...),no indexedaddressingmodeandno hardware
multiplicationor division. Theprocessorbeingeightbit is thebiggestlimitation asmostmodernC
assumesthatanint is at least16 bits - seelater.

This sectionis on themethodsusedto getaroundor avoid thelimitationsof theprocessorwhichboils
down to waysof stayingwithin eightbits.

Size of variab les

Thesizeof thevarioustypesasat 2.0b13are:

• char eightbit signed

• unsigned char eightbit unsigned

• int eightbit signed

• unsigned int eightbit unsigned

• long sixteenbit signed

• unsigned long sixteenbit unsigned

• long long 32 bit signed

• unsigned long long 32 bit unsigned

• float 8 bit exponent,24 bit mantissa

• pointer two byte
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Chapter 2. The Gameboy as a Target

Pleaseseethesectionon thefloat library for moreinformationon theformatof floatingpoint numbers.
As at 2.0b13neitherfloat or long longsupportis complete.

lcc uses’int’ asthedefault typefor mostoperationsincludingarrayindexing andconstants.To make the
codemoreefficient theints weremadeeightbit whichunfortunatelylimits localarraysto lessthan128
elements.Notethatstaticallyallocatedarrayssuchasimageor tile datadonthavethis limitation.

To make it easierfor portingandif/when thesizeof anint getschanged,it is recommendedthatthetypes
BYTE, UBYTE, WORD andUWORD definedin type.h areused.

Avoiding Promotion

lcc assumesthatany parametersin anexpressionaresignedby defaultwhich cancauseunnecessary
promotion.Promotionis wherethecompilerbelievesthattheresultof anoperationwill overflow andso
it promotesthevariableup asize,performstheoperationandthendemotesit backto thepropersize.For
examplein:

UBYTE i, j = 0;
i = j+0x80;

Thecompilerassumesthattheargumentis signed,andas0x80is greaterthanthebiggesteightbit
signednumber0x7f it is promotedto sixteenbit. Theoperationis performedthentheresulttruncated.

Thiscanbesolvedby explicitly telling thecompilerthattheargumentis unsignedby addinga trailing U.
A betterversionof theabovecodeis:

UBYTE i, j = 0;
i = j+0x80U;

Changingtheorderof operationsin a functioncanalsostoppromotion.??why??

Using global variab les

Thelocal variablesof a functionarestoredon thestack,requiringthecompilerto calculatea variables
absoluteaddressevery time its used.By declaringavariableasglobalit becomesstaticallyallocatedat
anaddressin ramwhich in mostcasesmakesthecodemoreefficient.

Don’t forgetthatglobalvariablesarestill bad- but in this caseits moreefficient to usethem.
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Chapter 2. The Gameboy as a Target

Globalsareespeciallygoodfor largestructures.Theeasiestway to accessdataon thestackis with the
lda hl,x(sp) wherex is a signedbyte. If thesizeof thelocal variablesis greaterthan127bytes(the
upperlimit of asignedbyte)thensignificantlyslowercodeis used.

Other

Preferablyusetheequalityoperators== and!= over theinequalityoperators>, <, <= and=>. If the
operandsaresignedor long thenthecodefor inequalitysignificantlymorecomplex thenfor unsigned
byteswhich canbedonein two operations.

Globalvariablesthatareinitialisedwhenthey declared(for exampleint i = 0;) areput into the
_DATA segmentby lcc. Thismeansthatthevariablecantbechangedasfor theGB the_DATA segment
is in ROM. To avoid this, its bestto initialise any globalvariablesafterdeclaringthemi.e. use

int i;

int main(void)
{

i = 0;
};

insteadof theabovecode.
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Chapter 3. Accessing hardware

Memor y

Therearetwo mainwaysof accessingthememoryof theGB directly. Thefirst which I recommendis
usingcasting,wherethesecondis by declaringanaddressasexternalanddefiningit at link time. Both
arebestillustratedby example.Supposethatyou wantto turn on soundby writing 8fh to SND_STAT
(FF26h).Thecodeusingcastsis

#define SND_STAT (UBYTE *)0xFF26U

void sound_on(void)
{

*SND_STAT = 0x8FU;
}

while thecodeusinglatelinking is

extern UBYTE snd_stat;

void sound_on(void)
{

snd_stat = 0x8FU;
}

wheresnd_statis definedat link time by adding-gsnd_stat=0xff26 to thelinkerarguments.

Themostcomonlyusedhardwareregistersarepre-definedin hardware.husingthelatelinking method.
This code

#include <hardware.h>

void sound_on(void)
{

NR52_REG = 0x8fU; /* ’NR52_REG’ maps to ’_reg_0x26’ or SND_STAT */
}

achievesthesameastheothertwo examples.

Interrupts
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Chapter 3. Accessing hardware

Interruptsallow executionto jump to a differentpartof yourcodeassoonasanexternaleventoccurs-
for exampletheLCD enteringtheverticalblankperiod,serialdataarriving or thetimer reachingits end
count.For anexampleseeirq.c

Interruptsin GBDK arehandledusingthefunctionsdisable_interrupts(),
enable_interrupts(), set_interrupts(UBYTE ier) andtheinterruptserviceroutine(ISR)
linkersadd_VBL, add_TIM, add_LCD, add_SIO andadd_JOY which addinterrupthandlersfor the
verticalblank,timer, LCD, serialandjoypadinterruptsrespectively. Thesystemsupportsup to eight
ISRsperinterrupt,executingthefirst oneinstalledfirst.

As anexample,this codeinstallsaninterrupthandlerthatincreasescount every time thetimer runsout.

...
UWORD count;

void timer_isr(void)
{

count++;
}

int setup_isr(void)
{

disable_interrupts();
add_TIM(timer_isr);
enable_interrupts();

set_interrupts(TIM_IFLAG);
}
...

Notethatthis assumesthatthetimer is setupelsewhereandtheuseof theglobalvariable.All registers
arepushedbeforetheISR is called.

As aninterruptcanoccurat any time,anISRcannottakeany argumentsor returnanything. Its only way
of communicatingwith thegreaterprogramis throughtheglobalvariableabove. Notehow interrupts
have to bedisabledbeforeaddingthetimer ISRandthattheset_interruptscall will disableany other
interrupts.To usemultiple interrupts,or therelevantIFLAGstogether.

ISRsmustbekeptassmallandshortaspossibleandasat2.0b13cannotuseany long longsor floating
point variablesasthecodefor themis not re-entrant.It is possibleto write a ISR longenoughsothatthe
GB spendsall of its timeservicinginterruptsandhasno time sparefor themaincode.

Multiple banks

TheGB supportsROMS of up to 1.5MB andup to 32kBof RAM by usinga bankswitchingmethod.
Bank0 of theROM is alwayslocatedin theregion0000h- 3FFFhandcannotbeswappedbut any other
bankcanbeswappedinto thehighROM regionbetween4000hto 7FFFh.UnfortunatelyGBDK doesn’t
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Chapter 3. Accessing hardware

supportprogramsbiggerthan32kB at themomentwhich is partly dueto lcc assumingaflat address
space.Howeveryoucanmanuallyaccesstheotherbanksusingtheswitch_rom_bank(UBYTE) and
switch_ram_bank functions.Seebanks.c for anexample.

TheROM andRAM bankthatthecodeshouldexist in is specifiedat compiletime usingthe-Wf-box
and-Wf-bax compileroptionswherex is thebanknumberbetween1 and31. Notethatthismeansthat
youcantswitchbankswithin onecodefile but multiplefilescanexist in thesamebank.If neitherthe-bo
or -baoptionsaregiventhenthedefault _CODEand_BSSsegmentsareused.Dont forgetthatlocal
variablesareallocatedon thestackinside_BSS.

For example,supposethecode:

int silly_fun( int a )
{

printf("%i times %i is ", a, a, a*a+1 );
return 0;

}

wascompiledwith the-Wf-bo1 compileroptionthenthecodewould bestoredin segment_CODE_1.
To call this functionfrom yourmainroutineyou woulduse:

int main(void)
{

switch_rom_bank( 1 ); /* Select bank 1 with segment _CODE_1 */
silly_fun(5); /* Prints "5 times 5 is 26" */

return 0;
}

Notethatyou obviousallycannotdo aswitch_rom_bank call from insideany segmentbut _CODEas
otherwiseyou’d switchyourselfout. Notealsothatall globalroutineslikeprintf mustfit within the
limited 16k of bank0.

Whenlinking all theobjectfiles togetherthenumberof banksusedshouldbespecifiedwith the
-Wl-yox and-Wl-yax flagsandtheMCB typewith the-Wl-ytx flag. Thecurrentsupportedvaluesfor
x in -Wl-ytx are:

0 : ROM ONLY
1 : ROM+MBC1
2 : ROM+MBC1+RAM
3 : ROM+MBC1+RAM+BATTERY
5 : ROM+MBC2
6 : ROM+MBC2+BATTERY

Functions in RAM
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Chapter 3. Accessing hardware

It is possibleto executefunctionsin RAM or HIRAM by first copying themthereusingmemcpy() or
himemcpy() andthencalling themin similarwaysto accessingmemorydirectly. Seeram_fn.c for an
example.
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Chapter 4. Assemb ly langua ge

When C isn’t fast enough

For many applicationsC is fastenoughbut in intensive functionsyouaresometimesbetterto write them
in assembler. Thissectiondealswith interfacingyourcoreC programwith fastassemblysubroutines.

Calling convention

lcc in commonwith almostall C compilersprependsa ’_’ to any functionnames.For examplethe
functionprintf(...) beginsat thelabel_printf::. Notethatall functionsaredeclaredglobal.

Theparametersto a functionarepushedin right to left orderwith noaligning- soa bytetakesup abyte
on thestackinsteadof themorenaturalword. Sofor examplethefunctionint store_byte( UWORD
addr, UBYTE byte) would push’byte’ ontothestackfirst thenaddrusinga total of threebytes.As
thereturnaddressis alsopushed,thestackwould contain:

• At SP+0- thereturnaddress

• At SP+2- addr

• At SP+4- byte

Notethattheargumentsthatarepushedfirst arehighestin thestackdueto how theGB’sstackgrows
downwards.

Thefunctionreturnsin DE. I’m not surehow aFPnumberis returned.

Variab les and register s

C normallyexpectsregistersto bepreservedacrossa functioncall. However in thiscaseasDE is usedas
thereturnvalueandHL is usedfor anything,only BC needsto bepreserved.

Gettingat C variablesis slightly tricky dueto how local variablesareallocatedon thestack.However
you shouldn’t beusingthelocal variablesof a calling functionin any case.Globalvariablescanbe
accessedby nameby addinganunderscore.
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Chapter 4. Assembly language

Segments

Theuseof segmentsfor code,dataandvariablesis morenoticeablein assembler. lcc definesanumberof
default segments- _CODE, _DATA and_BSS for storingcode,staticdataandvariablesin respectively.
Two extrasegments_HEADER and _HEAP exist for theGB headerandmallocheaprespectively. The
orderthesesegmentsarelinkedtogetheris determinedby crt0.s andis currently_CODEthen_DATA
in ROM and_BSSthen_HEAPin RAM. _HEAPis placedafter_BSSsothatall sparememoryis
availablefor themallocroutines.To placecodein otherthanthefirst two banks,usethesegments
_CODE_xwherex is the16kBbanknumber.

As the_BSSsegmentoccursoutsidetheROM areayou canonly use.ds to reservespacein it.

While youdon’t haveto usethe_CODEand_DATA distinctionsin assemblerit is recommendedfor
consistancyssake.
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Chapter 5. Libraries

Text IO - console .h and output.s

Blah

Floating point suppor t - fp_long.s

Number format

Thenumberencodingusedin GBDK waschosenmake fp operationseasierto implement.Unfortunatly
it doesntconformto any standardsbut it doeshelpspeedtheroutines.Thehigh bytecontainsthesign
andexponent,while thelower threebytescontainthemantissa.

Themostsignificantbit of theexponentis thesignbit which is setif thenumberis negative. Thelower
sevenbitsaretheexponentbiasedaround0x40.Themantissais normalisedandincludesthenormally
implicit onein themostsignificantbit. Notethatthemantissafor a negativenumberis not in twos
complement.A zerois representedby eitherby boththemantissaandexponentbeingzero.

Someexamples:

• 41 800000 - sign= 0 (positive),exponentequals2^(0x41-0x40)= 2^1= 2, mantissa= 0.800000=
0.5sothenumberis +1 * 2 * 0.5or ’1’

• C4 A00000 - sign= 1 (negative),exponentequals2^(0x44-0x40)= 2^(4)= 16,mantissa= 0.A00000
= 0.625sothenumberis -1 * 16 * 0.625or ’-10’

Notes

Thecorefloatingpoint library functionsfadd,fdiv, fsubandfmul wereoriginally basedon the
algorithimsin HI-TECH Software’s freeCP/MC compiler.However thecodehasbeenalmost
completlyre-writtenandoptimisedandnow only bearsapassingresemblanceto HI-TECH’scode.
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Chapter 5. Libraries

Theleft handargumentto a functionis storedin HLDE andtheright handon thetop of thestack.Most
functionsusestaticscratchregistersin RAM which unfortunatlymeansthatthey arntre-enterant.As
almostall of thefunctionsin this sectiontakefloatsasparametersandreturnfloats,theformatis
differentto thefollowing sections.

Functions

.fadd32

Description

Performa floatingpoint additiononHLDE andthefloatingpointnumberon thestack,returiningthe
resultin HLDE with thestacknumberremoved.

Method

Thetwo operandsarerecoveredandthestackunjunked.Thesignis removedfrom bothoperandsandthe
magnitudescompared.If thedifferencein magnitudeis greaterthan24 bits thenthegreaternumberis
returned.If not, thesmallernumberis shiftedright andits magnitudeincreaseduntil bothhave thesame
magnitude.If anoperandwasoriginally negative,its magnitudeis negated.Themagnitudesareadded
andthenew mantissacomputed.

.fsub32

Description

Subtractthefloatingpoint numberon thestackfrom thevaluein HLDE, returningtheresultin HLDE

Method

Thesignbit on thestackoperandis toggledwhich negatestheright operand.Executionthenfalls
throughto .fadd32
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Chapter 5. Libraries

.fmul32

Description

Performsa floatingpoint multiplicationon thenumberin HLDE andtheoneon thestack.Returnsthe
resultin HLDE with thestackoperandremoved.

Method

Theproductis storedin HLBC, theright handoperandin DE.ft1.ft0andtheleft handoperandin .fw.
First theproductis zeroedthenamultiplicationis doneon themantissasof thetwo operands.The
multiply is astandard(right shift - addif carry)but usesa few tricks to keeptheresultwithin 32bits
insteadof themaximum48. HLDE is thenshifteddown until H is zero.Thenumberof shiftsis addedto
theexponentsof thetwo operandsto give theresultantexponent.Finally thesignbit is computedby a
XOR of thesignsof theoperands.

.fdiv32

Description

Divide thefloatingpointnumberin HLDE by thevalueon thestack.Returnwitht theresultin HLDE
andthestackunjunked.

Method

Thedivisor is storedin HLBC, thedividendin DE.fw1.fw0andthequotentin .q. Themantissaof the
dividendis dividedby themantissaof thedivisor. This usesthestandardcompare- subtractif lessthan-
multiply by two method.Thequotientis thencopiedinto HLDE androtatedright until H is zero.The
exponentis calculatedby addingthenumberof shiftsto theexponentof theleft operandandsubtracting
theexponentof theright operand.Thesignbit is calculatedusinganXOR of thesignof theoperands.

Full screen graphics - drawing.h
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Chapter 5. Libraries

Blah

Joypad and Buttons - joypad.s

Blah

Sprites - xxx

Blah

Tiles - xxx

Blah

Hardware register s - hardware .h

Blah

Types - types.h

Blah

malloc, free and related functions - stdlib.h
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Chapter 5. Libraries

Functions

malloc

void *malloc( size_t numbytes )

Allocatenumbytesof memoryfrom thefreememorypoolandreturnapointerto thebaseof thenewly
allocatedregion.

Description

Notethatthememoryis notcleareduponallocation.

Parameter s

numbytes:Thenumberof bytesto allocate

Returns

Onsuccess,returnsa pointerto thenewly allocatedregion. On failurereturnsNULL.

calloc

void *calloc( size_t nmem, size_t size )

Attemptto allocatespacefor nmemobjectsof sizesizeandreturna pointerto theallocatedregion.

Description

callocis verysimilar to mallocbut it alsoclears(fills with zero)thememoryregionbeforereturning.

Parameter s

size:sizeof oneobject
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nmem:Numberof objectsto allocatespacefor

Returns

Onsuccess,returnsa pointerto thenewly allocatedandclearedregion. On failure,returnsNULL.

realloc

void *realloc( void *current, size_t size )

Attemptto re-sizea currentlyallocatedregion.

Description

reallocis usedto resizeacurrentlyallocatedblockwithout loosingthedatacontainedwithin. If the
currentblock is largerthantherequestedblock thethetrailing datais lost. Notethattheendof theblock
is not clearedif thecurrentblock is smallerthantherequestedone.If currentis NULL, thenthis is
equivalentto malloc. If sizeis zero,thenthis is equivalentto free.

Parameter s

current:Pointerto thecurrentlyallocatedblock.

size:Sizeof thenew block

Returns

Onsuccessreturnsapointerto thenewly allocatedblock. Notethatthenew block maybeat a different
locationto theold. On failureor if sizeis zero,thenNULL is returned.

free

int free( void *region )
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Chapter 5. Libraries

Freea previouslyallocatedregion.

Description

Attemptsto freea regionpreviouslyallocatedby malloc,reallocor calloc.Notethatonly valid regions
canbefreed.Notealsothatthis prototypediffersfrom thestandardC freeasit returnsanerrorcode.

Parameter s

region: Pointerto a previouslyallocatedregion.

Returns

Onsuccess,returnszero(0). If theregion is alreadyfree,returns-1. If theregionwasneverallocated,
returns-2.

Data types

NULL

NULL is returnedby mallocandothersuponfailure.Currentlydefinedto beequalto zero.

size_t: UWORD

size_tis usedto specifythesizeof anobjectin bytes.As theGB hasan8 bit processorwith a 16 bit
addressspace,size_tis currentlydefinedasa UWORD.Notethatdueto thebankednatureof mostGB
programs,it might bechangedto UDWORData laterdate.

Implementation

This malloclibrary is implementedusingasimplesignallylinkedlist of hunkswherea hunkis a a
headerandsectionof memorythatcanbeeitherfreeor used.Thereis nothingparticularlycleverabout
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Chapter 5. Libraries

theallocationalgorithms.I’m anengineerasopposedto a computerscientist,soif thecodegetsthejob
donethenit’s closeenough.NotethatI donot know how well thissystemwill holdup againstheavy
fragmentationcausedby allocatingmany smallblocksandkeepingsomeof them.However, I alsocant
think of aprogramthatyou’d wantto runon aGB thatwoulddo this.

Functions

malloc_init

int malloc_init( void )

If themallocsystemis currentlyuninitialised,initialise it.

Description

Checksto seeif theheadermalloc_firstis valid by checkingits magicnumber. If it is not, initialise it by
markingit asfree,settingit to occupy all of thefreeramin theareaC000hto D000h,settingtheregion
headerpointerto NULL andfinally settingthemagicnumber.

Parameters

None

Returns

Onsuccess,returnszero(0). If themallocsystemis alreadysetup,return-1.

malloc_gc

void malloc_gc( void )

Performgarbagecollectionon themallochunklist by joining consecutivefreeblocks.

Description
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Chapter 5. Libraries

malloc_gcis calledby mallocwhenanattemptto allocatea region fails. malloc_gcattemptsto improve
thesituationby scanningthroughthemallochunklist andjoining adjacentfreeblocksinto onelarger
block. In eachscan,if two adjacentfreeblocksarefoundthenthey arecombinedandthescancontinued
from thefirst block. At theendof a scan,if any combinationsweremadethenthelist is rescanned.I’m
not really surewhy therescanis thereasin theoryall combinationsshouldbemadeon thefirst pass.

Parameters

None

Returns

Nothing

Data types

mmalloc_hunk

struct smalloc_hunk {
UBYTE magic;
pmmalloc_hunk next;
UWORD size;
int status;
};

mmalloc_hunkis aninternalstructureusedby themalloclibrary to keeptrackof allocatedandfree
regionsof memory.

Members

magic:A magicnumberthatidentifiesthis asavalid mmalloc_hunknext: Pointerto thenext hunk,
NULL if this is thelast.size:Sizein bytesof thehunk.status:Currentstatusof theblock thatthis hunk
refersto. Oneof MALLOC_UNUSED(0), MALLOC_FREE(1) andMALLOC_USED(2). I haveno
ideawhy I definedbothaMALLOC_UNUSED anda MALLOC_FREE:)
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MALLOC_MA GIC: UBYTE

Themagicnumberassociatedwith a valid mallochunkheader. Currentlysetata really boring123.
Suggestionsfor somethingbetterwill begreatlyappreciated.

Notes

Theheaderfor ahunkoccursjustbeforetheregion. Any errantprogramsthatwrite pasttheir region
couldoverwritethis headerandbreakthelinkedlist. But yougetthat.Most routinescheckthemagic
numberwhile walking thelist andabortif a brokenheaderis found.

Theamountof memoryfreeafterstaticvariablesareallocatedis determinedby usinganew linkerarea
called_HEAP, definedin crt0.s._HEAPoccursafter_BSS,soit shouldoccurat thestartof free
memory. Theonly datainitially in _HEAPis a referenceto malloc_heap_startwhich is usedby
malloc_init.Notethatit is possiblyon arealGB for themagicnumberto occurin a badplace.This
shouldbefixedin crt0.sat theinitialisationtime. mallocalsosharestheramwith thestack.Currentlythe
problemof thestackgrowing down into allocatedmemoryis lessenedby allocatingfrom low memory
first andby providing a 512bytebuffer (setin malloc_init).

Oncartridgeswith internalmemoryanextra8k from A000hto BFFFhis available.Unfortunatelyfree
assumesthathunksareconsecutivewhichcausesproblems.Two solutionsareshifting _BSSto startat
A000hor defininganextraflag in theheaderthatis setif thenext hunkis consecutiveto thecurrentone.
Thesecondoptionwould alsoallow pagedramto beused,althoughit wouldhave to bemanaged
carefully.

Suppor t for multiple fonts - font.h

Functions

init_f ont

void init_font(void)

Initialise thefont systemby clearingall font handlesandreleasingall tiles.
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Description

Initialisesthefont system.This routineshouldbecalledat thestartof theprogrambeforeany callsto
load_font.

Parameter s

None.

Returns

Nothing.

load_f ont

FONT_HANDLE load_font( void *font_structure )

Attemptto loadthefont font, returninga FONT_HANDLEon successor NULL on failure.

Description

load_fontshouldbecalledoncefor eachfont thatis required.Notethatcurrentlythereis no unload_font
support.

Parameter s

font: pointerto thebaseof avalid font structure

Returns

Onsuccess,returnsa FONT_HANDLE.On failure,returnsNULL (0)
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set_font

void set_font( FONT_HANDLE font_handle )

Setthecurrentfont to thepreviously loadedfont font_handle

Description

set_fontchangescurrentoutputfont to theonespecifiedby font_handle

Parameter s

font_handle:handlefrom a previousload_fontcall.

Returns

Nothing.

Bugs

No checkis madeto seeif font_handleis avalid font handle.

mprint_string

void mprint_string( char *string )

Print stringstringusingthecurrentfont.

Description

This is a temporaryroutineusedto testthefont library.

Parameter s

string: null terminatedstringto print.
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Returns

Nothing.

Data types

FONT_HANDLE: UWORD

Description

A FONT_HANDLE is a 16 bit valuereturnedfrom load_fontandusedby set_font.Physicallyit is a
pointerto anentryin thefont_table.

font_structure

Description

A font_structureis a containerfor thedatarelatedto a font, includingtheencodingdataandtile (bitmap)
imagedata.Dueto thevariablelengthnatureof theencodingtableandthetile datano defaultC
structureexists.

Format

A font structureis madeup of four fields- thefont type,thenumberof tilesused,theencodingtableand
thetile data.

type: UBYTE

TheFont typeis asinglebit thatdescribestheencodingtableandtheformatof thetile data.The
encodingtablelengthis specifiedby thelower two bits 00: 256byteencodingtable01: 128byte
encodingtable10and11 arereserved.Thethird bit (0x04)is usedto determineif thetile datais
compressed.Many tilesdo not useshadesof grey, andsocanberepresentedin 8 bytesinsteadof 16. If
bit 2 is set,thenthetilesareassumedto be8 byteslong andareexpandedto 16bytesat theloadstage.
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num_tiles: UBYTE

num_tilesgivesthenumberof tilespresentin thetile dataandhencethenumberof tiles requiredby the
font.

encoding: array of UBYTE

Theencodingtableis anarraythatmapsanASCII characterto theappropriatetile in thetile data.For
example,supposethattheletter’A’ wasthetenthtile. Thenthe65th(theASCII codefor ’A’) entryin the
encodingtablewouldbe10. Any ASCII charactersthatdon’t havea correspondingtile shouldbe
mappedto a default tile. Spaceis recommendedtile.

tile_data: array of UBYTE

Thefinal field is theactualtile data.Notethattile numberingstartsfrom zero.
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