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Chapter 1. Using GBDK and maccer

Compiling programs

This sectionassumeshatyou have installedGBDK properlyandbuild thelibrariesasperthe
instructionson Pascals homepage.

Theprogram’lcc’ is afront endfor the actualcompiler assembleandlinker. It worksoutwhatyou
wantto do basedon commandine optionsandthe extensionf thefiles you give it, computeghe order
in which the variousprogramsanustbe calledandthenexecuteghemin order Someexamplesare:

« lcc -o imge. gb source. c - compiletheC sourcesource.c’ assemblandlink it producingthe
Gamebg image’image.gb’

« lcc -o imge. gb source. s - assemblehefile 'source.sandlink it producingthe Gamebg
image’image.gb’

« lcc -c -0 objectl. o sourcel.c - compiletheC program'sourcel.candassemblet
producingthe objectfile 'objectl.0’for laterlinking.

« lcc -c -0 object2.0 source2.s -assemblehefile 'source2.sproducingthe objectfile
‘object2.0’for laterlinking

« lcc -o image. gb objectl. o object2.o-link thetwo objectfiles’objectl.0’and’object2.0’
andproducethe Gamebg image’'image.gb’

« lcc -0 inmmge.gb sourcel.c source2.s -doall sortsof clever stuff by compilingthen
assemblingourcel.cassemblingource2.@ndthenlinking themtogetherto produceimage.gb

Argumentgo theassembleetccanbe passediialccusing-W. .., -W..., -Wa... and-W... to
passoptionsto the pre-processocompiler, assembleandlinker respectily. Somecommonoptionsare:

« -Va-| togeneratanassemblelisting file.

« - W - mto generate linker mapfile which canthenbeturnedinto ano$gmb.symfile for detugging
usingmaptosym.

« -W-gvar=addr tobindvarto addressaddr’ atlink time.

For example,to compilethe examplein the memorysectionandto generatea listing andmapfile you
would use:
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lcc -WA-1 -W-m-W-g_snd_stat=0xff26 -o i nage.gb hardware.c
NotetheleadingunderscoréhatC addsto symbolnames.

UnfortunatlymaccerMichaelHope's macropreprocessadior theassemblehasto berun seperathas
Icc dosntknow aboutit. To turnthe assemblefile with macros source.msinto theassemblefile
'source.s'use

nmaccer -0 source.s source.ns

If the- o sour ce. s optionisnt specifiedthenmaccemwritesto stdout.If sour ce. s isntspecified
thenmaccereadsfrom stdin.

Using Makefiles

Oneof themostusefuldevelopmentoolsis 'make’, a programthatautomaticallyjkeepsyour objectfiles
andimagesupto datewith your sourcecode. It worksby having a setof rulesof how to getfrom onefile
typeto anotherwhich normallyinvolvesrunninga program.For exampleby typing 'make image.gb’
malke will look for a C or assemblefile calledimage.cor image.scompileit andlink it automatically
creatingtheimageimage.gb It really comesinto its own whenyou have a projectmadeup of multiple
files asit only recompileghosethathave changedsincethelastmale.

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

A generaMakefile for Gamebg porjectsfollows:

AS
cC

lcc -c
lcc -VWa-I -W-m

BIN = astro.gh
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: %ns
maccer -0 $@ $<

$(BIN): $(OBIS)
$(CO) -0 $(BIN) $(OBIS)

cl ean:
rm-f $(BIN $(OBIS) *~

Thefirst two linescorvincemake to uselcc asthe assembleandlinker insteadof the default system
ones.TheBIN line specifieshe nameof theimagefile youwantattheend. The OBJSline specifies
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whatobjectfiles mustbe madefor BIN to bebuilt. The%.s: %.msline tellsmake how to generatesfiles
for Icc from .ms(macro)files.

For example,supposehat| changaheassemblefile 'renderms’. Whenmalke s run, it will find that
astro.gbdepend®on rendero whichin turn depend®n rendems. It will thenusemaccerto changethe
astro.mdile to astro.sthenit will uselcc to assembl@stro.go astro.owhichis finally linkedwith all
theother.ofilesto createastro.gb



Chapter 2. The Gameboy as a Target

8 bits + 6 register s + C = tric ky

The Gamebg is notanidealtargetfor C codedueto a combinationof beingeightbit, having a small
registerset(pity thosewho have the6502asatarget...),noindexedaddressingnodeandno hardware
multiplicationor division. The processobeingeightbit is the biggestiimitation asmostmodernC
assumeshatanint is atleast16 bits - seelater.

This sectionis onthe methodausedto getaroundor avoid the limitations of the processowhich boils
down to waysof stayingwithin eightbits.

Size of variables

Thesizeof thevarioustypesasat 2.0b13are:

char eightbit signed

unsi gned char eightbit unsigned

i nt eightbit signed

unsi gned i nt eightbit unsigned

| ong sixteenbit signed

unsi gned | ong sixteenbit unsigned

I ong | ong 32bit signed

unsi gned | ong | ong 32bit unsigned
fl oat 8 hbit exponent,24 bit mantissa

poi nt er two byte

10
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Pleaseseethe sectionon thefloat library for moreinformationon theformatof floating point numbers.
As at2.0b13neitherfloat or long long supportis complete.

Icc usesint’ asthedefaulttypefor mostoperationsncludingarrayindexing andconstantsTo make the
codemoreefficienttheints weremadeeightbit which unfortunatelylimits local arraysto lessthan128
elementsNotethatstaticallyallocatedarrayssuchasimageor tile datadonthave this limitation.

To make it easieffor portingandif/whenthesizeof anint getschangedit is recommendethatthetypes
BYTE, UBYTE, WORDandUORD definedint ype. h areused.

Avoiding Promotion

Icc assumeshatany parameterin anexpressioraresignedby default which cancauseunnecessary
promotion.Promotionis wherethe compilerbelievesthatthe resultof anoperatiorwill overflow andso
it promoteghevariableup a size,performsthe operatiorandthendemotest backto the propersize. For
examplein:

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

Thecompilerassumeghatthearguments signed,andas0x80is greaterthanthe biggesteightbit
signednumberOx7fit is promotedto sixteenbit. Theoperationis performedhentheresulttruncated.

This canbe solvedby explicitly telling the compilerthatthe argumentis unsignedy addingatrailing U.
A betterversionof theabove codeis:

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

Changingthe orderof operationsn afunctioncanalsostoppromotion.??why??

Using global variables

Thelocal variablesof afunctionarestoredon the stack,requiringthe compilerto calculatea variables
absoluteaddres®very time its used.By declaringa variableasglobalit becomestaticallyallocatedat
anaddressn ramwhichin mostcasesnakesthe codemoreefficient.

Don't forgetthatglobalvariablesarestill bad- butin this casets moreefficientto usethem.

11
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Globalsareespeciallygoodfor large structuresThe easiestvay to accesslataon the stackis with the
I da hl, x(sp) wherex is asignedbyte. If thesizeof thelocal variabless greatetthan127 bytes(the
upperlimit of asignedbyte)thensignificantlyslower codeis used.

Other

Preferablyusethe equalityoperators-= and! = overtheinequalityoperators>, <, <=and=>. If the
operandsresignedor long thenthe codefor inequalitysignificantlymorecomplex thenfor unsigned
byteswhich canbedonein two operations.

Globalvariableghatareinitialisedwhenthey declaredfor examplei nt i = 0;) areputinto the
_DATA sggmentby Icc. This meanghatthevariablecantbe changedsfor the GB the_DATA segment
isin ROM. To avoid this, its bestto initialise ary globalvariablesafterdeclaringthemi.e. use

int i;

int main(void)

{
}s

insteadof theabove code.

i = 0;

12



Chapter 3. Accessing hardware

Memory

Therearetwo mainwaysof accessinghe memoryof the GB directly. Thefirst which| recommends
usingcastingwherethe seconds by declaringanaddresasexternalanddefiningit atlink time. Both
arebestillustratedby example.Supposéahatyou wantto turn on soundby writing 8fh to SND_STAT
(FF26h).Thecodeusingcastds

#defi ne SND_STAT (UBYTE *) OxFF26U

voi d sound_on(voi d)

{
}

while the codeusinglatelinking is

*SND_STAT = Ox8FU;

extern UBYTE snd_stat;

voi d sound_on(voi d)

{
}

wheresnd_stats definedatlink time by adding- gsnd_st at =0xf f 26 to thelinkerarguments.

snd_stat = Ox8FU,

Themostcomonlyusedhardwareregistersarepre-definedn hardware.husingthelatelinking method.
Thiscode

#i ncl ude <har dwar e. h>

voi d sound_on(voi d)

{
}

achievesthe sameasthe othertwo examples.

NR52_REG = Ox8fU;, /* 'NR5S2_REG maps to ' _reg_0x26" or SND_STAT */

Interrupts

13
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Interruptsallow executionto jump to a differentpartof your codeassoonasanexternaleventoccurs-
for examplethe LCD enteringthe verticalblankperiod,serialdataarriving or thetimer reachingts end
count.Foranexampleseei rg. ¢

Interruptsin GBDK arehandledusingthefunctionsdi sabl e_i nterrupt s(),

enabl e_interrupts(), set_interrupts(UBYTE ier) andtheinterruptserviceroutine(ISR)
linkersadd_VBL, add_TIM add_LCD, add_SI Oandadd_JOY whichaddinterrupthandlerdor the
verticalblank,timer, LCD, serialandjoypadinterruptsrespectrely. The systemsupportsupto eight
ISRsperinterrupt,executingthefirst oneinstalledfirst.

As anexample this codeinstallsaninterrupthandlerthatincreasesount everytimethetimerrunsout.

UWORD count ;

void timer_isr(void)

{
count ++;

}

int setup_isr(void)

{
di sabl e_interrupts();
add_TIMtiner_isr);
enabl e_i nterrupts();
set_interrupts(TIM.IFLAG;

Notethatthis assumeshatthetimeris setupelsavhereandthe useof the globalvariable.All registers
arepushedbeforethe ISR s called.

As aninterruptcanoccurat ary time,anISR cannottake ary argumentsor returnarything. Its only way
of communicatingwith the greatemprogramis throughthe globalvariableabove. Note how interrupts
have to bedisabledbeforeaddingthetimer ISR andthatthe set_interruptsall will disableany other
interrupts.To usemultiple interruptsor therelevantlIFLA Gstogether

ISRsmustbe keptassmallandshortaspossibleandasat2.0b13cannotuseary | ong | ongsor floating

pointvariablesasthe codefor themis notre-entrantlt is possibleto write a ISR long enoughsothatthe
GB spendsll of its time servicinginterruptsandhasno time sparefor themaincode.

Multiple banks

The GB supportsROMS of upto 1.5MB andupto 32kB of RAM by usinga bankswitchingmethod.
BankO of the ROM is alwayslocatedin theregion 0000h- 3FFFhandcannotbe swappedout any other
bankcanbe swappednto the high ROM region betweerd000hto 7FFFh.UnfortunatelyGBDK doesnt

14



Chapter 3. Accessing hardware

supportprogramsbiggerthan32kB atthe momentwhich is partly dueto lcc assuming flat address
space However you canmanuallyaccesgheotherbanksusingtheswi t ch_r om bank( UBYTE) and
swi t ch_r am bank functions.Seebanks. ¢ for anexample.

The ROM andRAM bankthatthe codeshouldexist in is specifiedat compiletime usingthe- W - box
and- W - bax compileroptionswherex is thebanknumberetweerl and31. Notethatthis meanghat
you cantswitchbankswithin onecodefile but multiple files canexist in the samebank.If neitherthe-bo
or -baoptionsaregiventhenthedefault_ CODEand_BSSsegmentsareused.Dont forgetthatlocal
variablesareallocatedon the stackinside_BSS.

For example,supposéahe code:

int silly fun( int a)
printf("% times % is ", a, a, a*a+l );
return O;

}

wascompiledwith the- W - bo1l compileroptionthenthe codewould be storedin sggment_CODE 1.
To call this functionfrom your mainroutineyou would use:

int main(void)

switch_rombank( 1 ); /* Select bank 1 with segnent _CODE 1 */

silly_fun(5); /* Prints "5 times 5 is 26" */
return O;
}

Notethatyou obviousallycannotdoaswi t ch_r om bank call from insideary sggmentbut _CODEas
otherwiseyou'd switchyourselfout. Notealsothatall globalroutineslike pri nt f mustfit within the
limited 16k of bankO.

Whenlinking all the objectfiles togetherthe numberof banksusedshouldbe specifiedwith the
- W - yox and- W - yax flagsandthe MCB typewith the- W - yt x flag. The currentsupportedraluesfor
Xin-W-ytx are:

ROM ONLY

ROV+MBCL
ROV+VBC1+RAM
ROWMBCL1+RAMFBATTERY
ROMMBC2
ROWNMBC2+BATTERY

ODUITWN PO

Functions in RAM

15



Chapter 3. Accessing hardware

It is possibleto executefunctionsin RAM or HIRAM by first copying themthereusingnencpy() or
hi nencpy() andthencallingthemin similarwaysto accessingnemorydirectly. Seer am f n. ¢ for an
example.

16



Chapter 4. Assemb ly language

When C isn't fast enough

For mary applicationsC is fastenoughbut in intensive functionsyou aresometimedetterto write them
in assemblerThis sectiondealswith interfacingyour coreC programwith fastassemblysubroutines.

Calling convention

Icc in commonwith almostall C compilersprepends’_’ to ary functionnamesFor examplethe
functionprintf(...) beginsatthelabel printf::. Notethatall functionsaredeclaredylobal.

The parameterso a functionarepushedn right to left orderwith no aligning- soa bytetakesup abyte
onthestackinsteadof the morenaturalword. Sofor examplethefunctioni nt st ore_byt e( UWRD
addr, UBYTE byte) would push’byte’ ontothe stackfirst thenaddrusingatotal of threebytes.As
thereturnaddresss alsopushedthe stackwould contain:

« At SP+0- thereturnaddress
. At SP+2- addr

« At SP+4- byte

Notethatthe argumentghatarepushedirst arehighestin the stackdueto how the GB’s stackgrows
downwards.

Thefunctionreturnsin DE. I'm notsurehow a FP numberis returned.

Variab les and register s

C normally expectsregistersto be preseredacrossa functioncall. Howeverin this caseasDE is usedas
thereturnvalueandHL is usedfor anything, only BC needdo be presered.

Gettingat C variabless slightly tricky dueto how local variablesareallocatedon the stack.However

you shouldnt be usingthelocal variablesof a calling functionin any case.Globalvariablescanbe
accessetly nameby addinganunderscore.

17



Chapter 4. Assembly language

Segments

Theuseof sggmentsfor code,dataandvariablesds morenoticeabldn assemblercc definesa numberof
defaultsegments- _CODE, _DATA and_BSS for storingcode,staticdataandvariablesn respectiely.
Two extrasegments HEADER and _HEAP exist for the GB headelandmallocheaprespectiely. The
orderthesesggmentsarelinkedtogethelis determinedy crt 0. s andis currently  CODEthen_DATA
in ROM and_BSSthen_HEAPiIn RAM. _HEAPIs placedafter_BSSsothatall sparememoryis
availablefor the mallocroutines.To placecodein otherthanthefirst two banks,usethe sggments
_CODE_xwherex is the 16kB banknumber

As the _BSSsegmentoccursoutsidethe ROM areayou canonly use. ds to resere spacdn it.

While youdon't haveto usethe_ CODEand_DATA distinctionsin assembleit is recommendefbr
consistangs sale.

18



Chapter 5. Libraries

Text 10 - console .h and output.s

Blah

Floating point suppor t - fp_long.s

Number format

Notes

Thenumberencodingusedin GBDK waschosermale fp operationgasierto implement.Unfortunatly
it doesntconformto ary standard$ut it doeshelpspeedheroutines.The high byte containsthe sign
andexponentwhile thelower threebytescontainthe mantissa.

Themostsignificantbit of the exponentis the signbit whichis setif thenumberis negative. Thelower
sevenbits arethe exponentbiasedaround0x40. The mantissds normalisecandincludesthe normally
implicit onein the mostsignificantbit. Notethatthe mantissdor a negative numberis notin twos
complementA zerois representedly eitherby boththe mantissaandexponentbeingzero.

Someexamples:

« 41 800000 - sign= 0 (positive), exponentequal2”(0x41-0x40)= 2*1 = 2, mantissa= 0.800000=
0.5sothenumberis+1* 2* 0.50r'1’

« C4 A00000 - sign= 1 (negative), exponentequals2”(0x44-0x40)= 2°(4) = 16, mantissa= 0.A00000
=0.625sothenumberis-1* 16* 0.6250r '-10’

The corefloating point library functionsfadd,fdiv, fsubandfmul wereoriginally basedn the
algorithimsin HI-TECH Software’s free CP/M C compiler. However the codehasbeenalmost
completlyre-writtenandoptimisedandnow only bearsa passingesemblancé HI-TECH’s code.

19
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Theleft handargumentto a functionis storedin HLDE andtheright handon thetop of the stack.Most
functionsusestaticscratchregistersin RAM which unfortunatlymeanghatthey arntre-enterantAs
almostall of thefunctionsin this sectiontake floatsasparameterandreturnfloats,theformatis
differentto thefollowing sections.

Functions

fadd32

Description

Performa floatingpoint additionon HLDE andthe floating point numberon the stack,returiningthe
resultin HLDE with the stacknumberemoved.

Method

Thetwo operandsrerecoveredandthe stackunjunked. Thesignis removedfrom bothoperandsndthe
magnitudesomparedIf the differencein magnitudds greatetthan24 bits thenthe greatemumberis
returned.If not,thesmallernumberis shiftedright andits magnitudencreasedintil bothhave thesame

magnitudelf anoperandvasoriginally negative, its magnitudds negated.The magnitudesareadded
andthe nev mantissacomputed.

.fsub32

Description

Subtractthefloating point numberon the stackfrom the valuein HLDE, returningtheresultin HLDE

Method

Thesignbit onthe stackoperands toggledwhich negatestheright operand Executionthenfalls
throughto .fadd32

20
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fmul32

Description

Performsa floating point multiplicationon the numberin HLDE andthe oneon the stack.Returnsthe
resultin HLDE with the stackoperandemoved.

Method

Theproductis storedin HLBC, theright handoperandn DE.ft1.ft0 andtheleft handoperandn .fw.
Firstthe productis zeroedthena multiplicationis doneon the mantissa®f thetwo operandsThe
multiply is a standardright shift - addif carry)but usesafew tricksto keeptheresultwithin 32 bits
insteadof the maximum48. HLDE is thenshifteddown until H is zero. The numberof shiftsis addedo
the exponentsof thetwo operanddo give the resultantexponent.Finally the signbit is computecby a
XOR of thesignsof theoperands.

fdiv32

Description

Divide thefloating pointnumberin HLDE by the valueon the stack.Returnwitht theresultin HLDE
andthe stackunjunked.

Method

Thedivisoris storedin HLBC, the dividendin DE.fw1.fw0 andthe quotentin .q. The mantissaof the
dividendis dividedby the mantissaf thedivisor. This useshe standarccompare subtractf lessthan-
multiply by two method.The quotientis thencopiedinto HLDE androtatedright until H is zero. The
exponentis calculatedoy addingthe numberof shiftsto the exponentof theleft operandandsubtracting
theexponentof theright operand.Thesignbit is calculatedusingan XOR of the signof the operands.

Full screen graphics - drawing.h

21
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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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Functions

malloc

void *mall oc( size_t nunbytes )

Allocate numbytesof memoryfrom thefree memorypool andreturna pointerto the baseof the newly
allocatedregion.

Description

Notethatthe memoryis not cleareduponallocation.

Parameter s

numbytes:The numberof bytesto allocate

Returns

On successieturnsa pointerto the newly allocatedregion. OnfailurereturnsNULL.

calloc

void *calloc( size_t nmem size_t size)

Attemptto allocatespacefor nmemobjectsof sizesizeandreturna pointerto the allocatedregion.

Description

callocis very similarto mallochbut it alsoclears(fills with zero)the memoryregion beforereturning.

Parameter s

size:sizeof oneobject

23
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nmem:Numberof objectsto allocatespacefor

Returns

On successieturnsa pointerto the newly allocatedandclearedregion. Onfailure,returnsNULL.

realloc

void *realloc( void *current, size_t size)

Attemptto re-sizea currentlyallocatedregion.

Description
reallocis usedto resizea currentlyallocatedblock without loosingthe datacontainedwithin. If the
currentblockis largerthantherequestedblock the thetrailing datais lost. Notethatthe endof the block

is notclearedf thecurrentblockis smallerthanthe requesteane.If currentis NULL, thenthisis
equivalentto malloc. If sizeis zero,thenthisis equivalentto free.

Parameter s
current:Pointerto thecurrentlyallocatedblock.

size: Sizeof thenew block

Returns

On successeturnsa pointerto the newly allocatedblock. Notethatthe new block maybe at a different
locationto theold. Onfailureor if sizeis zero,thenNULL is returned.

free

int free( void *region)
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Freea previously allocatedregion.

Description

Attemptsto freearegion previously allocatedby malloc,reallocor calloc. Notethatonly valid regions
canbefreed.Notealsothatthis prototypediffersfrom the standardC free asit returnsanerrorcode.

Parameter s

region: Pointerto a previously allocatedregion.

Returns

Onsuccessieturnszero(0). If theregionis alreadyfree,returns-1. If theregion wasneverallocated,
returns-2.

Data types

NULL

NULL is returnedby mallocandothersuponfailure. Currentlydefinedto be equalto zero.

size_t. UWORD

size_tis usedto specifythesizeof anobjectin bytes.As the GB hasan8 bit processowith a 16 bit
addresspacesize_tis currentlydefinedasa UWORD. Note thatdueto the bankednatureof mostGB
programsjt mightbechangedo UDWORD ata laterdate.

Implementation

This malloclibrary is implementedisinga simplesignally linkedlist of hunkswherea hunkis aa
heademlandsectionof memorythatcanbe eitherfree or used.Thereis nothingparticularlyclever about
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theallocationalgorithms.I’'m anengineelasopposedo a computerscientist,soif the codegetsthejob
donethenit’s closeenough.Notethatl donotknow how well this systemwill hold up againstheary
fragmentatiorcausedy allocatingmary smallblocksandkeepingsomeof them.However, | alsocant
think of aprogramthatyou’d wantto run on a GB thatwould do this.

Functions

malloc_init

int malloc_init( void)

If themallocsystemis currentlyuninitialised,initialise it.

Description

Checkgo seeif theheademalloc_firstis valid by checkingits magicnumber If it is not, initialise it by

markingit asfree,settingit to occuyy all of thefreeramin theareaC000hto DO0Oh,settingthe region
headempointerto NULL andfinally settingthe magicnumber.

Parameters

None

Returns

Onsuccessteturnszero(0). If themallocsystemis alreadysetup return-1.

malloc_gc

void nmal |l oc_gc( void )

Performgarbagecollectionon the malloc hunklist by joining consecutie free blocks.

Description
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malloc_gcis calledby mallocwhenanattemptto allocatea region fails. malloc_gcattemptgo improve
thesituationby scanninghroughthe mallochunklist andjoining adjacenfree blocksinto onelarger
block. In eachscan,if two adjacenfree blocksarefoundthenthey arecombinedandthe scancontinued
from thefirst block. At theendof a scan|if any combinationaveremadethenthelist is rescannedl’'m
notreally surewhy therescans thereasin theoryall combinationshouldbe madeon thefirst pass.

Parameters

None

Returns

Nothing

Data types

mmalloc_hunk

struct smalloc_hunk {
UBYTE magi c;

prmmal | oc_hunk next;
UWORD si ze;

int status;

}

mmalloc_hunks aninternalstructureusedby the malloclibrary to keeptrackof allocatedandfree
regionsof memory

Members
magic: A magicnumberthatidentifiesthis asavalid mmalloc_hunknext: Pointerto the next hunk,
NULL if thisis thelast. size: Sizein bytesof the hunk. status:Currentstatusof the block thatthis hunk

refersto. Oneof MALLOC_UNUSED (0), MALLOC_FREE (1) andMALLOC_USED (2). | haveno
ideawhy | definedbotha MALLOC_UNUSED anda MALLOC_FREE:)
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MALLOC_MAGIC: UBYTE

Themagicnumberassociateavith avalid mallochunkheaderCurrentlysetatareally boring 123.
Suggestion$or somethingoetterwill be greatlyappreciated.

Notes

Theheadeffor ahunkoccursjust beforetheregion. Any errantprogramshatwrite pasttheir region
couldoverwritethis headeandbreakthelinkedlist. But you getthat. Most routinescheckthe magic
numberwhile walking thelist andabortif abrokenheadeiis found.

Theamountof memoryfree afterstaticvariablesareallocateds determinedy usinganew linker area
called_HEAR definedin crt0.s._ HEAP occursafter_BSS,soit shouldoccuratthe startof free
memory Theonly datainitially in _HEAPis areferencdo malloc_heap_stawhichis usedby
malloc_init. Notethatit is possiblyon areal GB for the magicnumberto occurin abadplace.This
shouldbefixedin crt0.sattheinitialisationtime. mallocalsosharegheramwith the stack.Currentlythe
problemof the stackgrowing down into allocatedmemoryis lessenedby allocatingfrom low memory
first andby providing a 512 byte buffer (setin malloc_init).

On cartridgeswith internalmemoryanextra 8k from AOOOhto BFFFhis available.Unfortunatelyfree
assumeshathunksareconsecutie which causegproblems.Two solutionsareshifting BSSto startat
AO00Ohor defininganextraflag in theheadethatis setif thenext hunkis consecutieto the currentone.
The secondptionwould alsoallow pagedramto be used,althoughit would have to be managed
carefully.

Suppor t for multiple fonts - font.h

Functions

init_f ont

void init_font(void)

Initialise the font systemby clearingall font handlesandreleasingall tiles.
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Description

Initialisesthefont system.This routineshouldbe calledat the startof the programbeforeary callsto
load_font.

Parameter s

None.

Returns

Nothing.

load_font

FONT_HANDLE | oad_font( void *font_structure )

Attemptto loadthefont font, returninga FONT_HANDLE on succes®r NULL onfailure.

Description

load_fontshouldbe calledoncefor eachfont thatis required.Note thatcurrentlythereis no unload_font
support.

Parameter s

font: pointerto the baseof avalid font structure

Returns

Onsuccessteturnsa FONT_HANDLE. Onfailure,returnsNULL (0)
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voi d set_font( FONT_HANDLE font_handl e )

Setthecurrentfont to the previously loadedfont font_handle

Description

set_fontchangegurrentoutputfont to the onespecifiedby font_handle

Parameter s

font_handle:handlefrom a previousload_fontcall.

Returns

Nothing.

Bugs

No checkis madeto seeif font_handlds avalid font handle.

mprint_string

void nprint_string( char *string )

Print string stringusingthe currentfont.

Description

Thisis atemporaryroutineusedto testthefont library.

Parameter s

string: null terminatedstringto print.
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Returns

Nothing.

Data types

FONT_HANDLE: UWORD

Description

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

font_structure

Description

A font_structurds a containeffor the datarelatedto a font, includingthe encodingdataandtile (bitmap)
imagedata.Dueto thevariablelengthnatureof theencodingtableandthetile datano defaultC
structureexists.

Format

A font structureis madeup of four fields - thefont type,the numberof tiles used theencodingableand
thetile data.

type: UBYTE

TheFonttypeis asinglebit thatdescribeshe encodingableandthe formatof thetile data.The
encodingablelengthis specifiedby thelower two bits 00: 256 byteencodingable01: 128byte
encodingtable10andl11 areresened. Thethird bit (0x04)is usedto determinef thetile datais
compressedMany tiles do not useshade®f grey, andsocanberepresenteih 8 bytesinsteadof 16. If
bit 2 is set,thenthetiles areassumedo be 8 byteslong andareexpandedo 16 bytesattheloadstage.
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num_tiles: UBYTE

num_tilesgivesthe numberof tiles presenin thetile dataandhencethe numberof tiles requiredby the
font.

encoding: array of UBYTE
Theencodingableis anarraythatmapsan ASCII characteto the appropriatdile in thetile data.For
example,supposehattheletter’A’ wasthetenthtile. Thenthe 65th (the ASCII codefor 'A’) entryin the

encodingablewouldbe 10. Any ASCII charactershatdon'’t have a correspondingile shouldbe
mappedo adefaulttile. Spaceas recommendetile.

tile_data: array of UBYTE

Thefinal field is theactualtile data.Notethattile numberingstartsfrom zero.
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