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This document is version:
0.9 Beta 2/19/95
Thiswillhopefullybethefinalversionofthisunlesssomebodyfindssomemistakesinit.Ihavespentover620minutescreatingthisdocument(notincludingwritingortestingthecodeortheoriginaltextdocument)soIhopeyouwillfindituseful.ThisversionisstillintestingwhichmeansthatIcannotbesurethatallthecodewillcompileandworkcorrectly.Ihavedonemybesttomakesurethatalltheinformationcontainedinthisdocumentiscorrect.Ifanymistakesarefoundpleasecouldyounotifymebeemail.Ifsomeonewhohasacomputerthatdoesn’thaveaVGAcard/monitorcouldyoupleasecompilethecodeonP29thatcheckswhatgraphicsthecomputercanhandleandtellmeifitreturnedDXas0.ThisdocumentwaswrittenbyGavinEstey.Nopartofthiscanbereproducedandsoldinanycommercialproductwithoutmywrittenpermission(emailmeformoreinformation).Iamnotresponsibleforanydamagecausedinanywayfromthisdocument.Ifyouenjoythisdocumentthenadonationwouldbegratefullyreceived.Nopaymentisnecessarybutnonewillturneddown.IfanymistakesarenoticedthenIwouldliketobenotified.Ifyouwouldlikeanyotherhelporhavesuggestionsforalaterversionofthisdocument.Firstlyyouwillneedasuitableassemblertocompileyourprograms.Allexampleshavebeentestedwithtwocompilers:A86andTurboAssembler�ver4.A86isaverygoodsharewareassemblercapableofproducingcodeupto80286.Thiscanbefoundonyourlocalsimtelmirror(tryftp.demon.co.ukorftp.cdrom.com)undersimtel/msdos/asmutilcalledA86V322.ZIP.FirstlyIamgoingtotalkaboutSEGMENTSandOFFSETS.This(formeanyway)isprobablythehardestpartofassemblytounderstand.
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Segmentsandoffsets:

Theoriginaldesignersofthe8088decidedthatnobodywilleveryneedtousemorethatonemegabyteofmemory.Sotheybuiltthechipsoitcouldn'taccessabovethat.Theproblemistoaccessawholemegabyte20bitsareneeded(onebitbeingeitheraoneorazero).Registersonlyhave16bitsandtheydidn'twanttousetwobecausethatwouldbe32bitsandtheythoughtthatthiswouldbetoomuchforanyone.Theydecidedtodotheaddressingwithtworegistersbutnot32bits.Isthisconfusing?Blamethedesignersofthe8088.OFFSET=SEGMENT*16SEGMENT=OFFSET/16(thelower4bitsarelost)SEGMENT*16 |0010010000010000----|range(0to65535)*16OFFSET |----0100100000100010|range(0to65535)20bitaddress |00101000100100100010|range0to1048575(1MEG)=====DS===========SI=====(noteDSandSIoverlap).ThisishowDS:SIisusedtomakea20bitaddress.ThesegmentisinDSandtheoffsetisinSI.Segmentregistersare:CS,DS,ES,SS.Onthe386+therearealsoFS&GSOffsetregistersare:BX,DI,SI,BP,SP,IP.In386+protectedmode,ANYgeneralregister(notasegmentregister)canbeusedasanOffsetregister.(ExceptIP,whichyoucan'taccess.)Registers:AX,BX,CXandDXaregeneralpurposeregisters.Ona386+theyare32bits;EAX,EBX,ECXandEDX.Theallcanbesplitupintohighandlowparts,eachbeing8bits.EAX 32bitsAX 16bitsAH 8bitsAL 8bitsThismeansthatyoucanuseAHandALtostoredifferentnumbersandtreatthemasseparateregistersforsometasks.BX(BH/BL):sameasAXCX(CH/CL):SameasAX(usedforloops)DX(DH/DL):SameasAX(usedformultiplication/division)DIandSIareindexregistersandcanbeusedasoffsetregisters.SP:StackPointer.Doesjustthat.Pointstothecurrentpositioninthestack.Don'talterunlessyouREALLYknowwhatyouaredoingorwanttocrashyourcomputer.
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TheStack:Thisisandareaofmemorythatislikeastackofplates.Thelastoneyouputonisthefirstonethatyoutakeoff(LOFO).Ifanotherpieceofdataisputonthestackitgrowsdownwards.

Diagram 1: This shows how the stack is organised
PUSHandPOP:Pushputsavalueontothestackandpoptakesitbackoff.Here'ssomecode.(youcan'tcompilethis-yet.) pushcx;putcxonthestackpushax;putaxonthestack...;thisisgoingtopopthembackin . ;thewrongsotheyarereversedpopcx;putvaluefromstackintocxpopax;putvaluefromstackintoaxThismeansthatcxisequaltowhataxisandaxisequaltowhatcxwas.
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Someinstructions:MOV:thismovesavaluefromoneplacetoanother.Syntax:MOVdestination,sourceforexample: MOVax,10;movesanimmediatevalueintoax MOVbx,cx;movesvaluefromcxintobxINT:callsaDOSorBIOSfunction,mainlytodosomethingyouwouldrathernotwriteafunctionfore.g.changevideomode,openafileetc.Syntax:INTinterruptnumberNote:anhafteranumberdenotesthatthatnumberisinhex. INT21h;CallsDOSstandardinterrupt21hINT10h;CallstheVideoBIOSinterruptAllinterruptsneedavaluetospecifywhatsubroutinetouse.ThisisusuallyinAH.Toprintamessageonthescreenallyouneedtodoisthis: MOVah,9;subroutinenumber9INT21h;calltheinterrupt
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Butfirstyouhavetospecifywhattoprint.ThisfunctionneedsDS:DXtobeafarpointertowherethestringis.Thestringhastobeterminatedwithadollarsign($).Thisexampleshowshowitworks: MyMessagedb"Thisisamessage!$"...movdx,OFFSETMyMessagemovax,SEGMyMessagemovds,axmovah,9int21hDBdeclaresapieceofdata.ThisisthesameasinBASIC: LETMyMessage$="Thisisamessage!"DBdeclaresabyte,DWdeclaresawordandDDdeclaresaDword.Thisisyourfirstassemblyprogram.Cutthisinandthenassembleit.IfyouareusingA86,type: A86nameoffileIfyouareusingTurboAssemblerthentype: tasmnameoffiletlinknameoffileminusextentionWithtlinkyoucanmakea.COMfilebyusinga/tswitch.
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;THISISASIMPLEPROGRAMTODISPLAYAMESSAGEONTHE;SCREEN.SHOULDOUTPUTThisisamessage!TOSCREENAND;RETURNWITHNOERRORLEVEL.THISCAN’TBEMADEINTOA.COMFILEWITHTLINKASITGENERATESANERROR. .MODELSMALL;Ignorethefirsttwolines ;I'llexplainwhatthismeanslater..STACK ;allocateastack.CODE;adirectivetostartcodesegmentSTART:;generallyagoodnametouseasan ;entrypointJMPBEGIN;jumptoBEGIN:(likegoto)MyMessagedb"Thisisamessage!$"BEGIN:;codestartsheremovdx,OFFSETMyMessage ;puttheoffsetofmessage ;inDXmovax,SEGMyMessage ;putthesegmentthatthe ;messageisininAXmovds,ax ;copyAXintoDSmovah,9 ;move9intoahtocallint21h ;function9ofinterrupt ;21h-displayastringto ;screen. MOVax,4c00h;movethevalueof4c00hexintoAXINT21h;callinterrupt21h,subroutine4C;whichreturnscontroltodos,otherwiseitwouldof;crashed.The00ontheendmeanswhaterrorlevelit;wouldreturntoDOS.ThiscanbecheckedinabatchfileENDSTART;endhere
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Someinstructionsthatyouneedtoknow:Thisisjustalistofsomebasicassemblyinstructionsthatareveryimportantandareusedoften.ADD AddthecontentsofonenumbertoanotherSyntax: ADDoperand1,operand2Thisaddsoperand2tooperand1.Theanswerisstoredinoperand1.Immediatedatacannotbeusedasoperand1butcanbeusedasoperand2.SUB SubtractonenumberfromanotherSyntax: SUBoperand1,operand2Thissubtractsoperand2fromoperand1.Immediatedatacannotbeusedasoperand1butcanbeusedasoperand2.MUL Multipliestwounsignedintegers(alwayspositive)IMUL Multipliestwosignedintegers(eitherpositiveornegitive)Syntax: MULregisterorvariableIMULregisterorvariableThismultiplestheregistergivenbythenumberinALorAXdependingonthesizeoftheoperand.TheanswerisgiveninAX.Iftheanswerisbiggerthan16bitsthentheanswerisinDX:AX(thehigh16bitsinDXandthelow16bitsinAX).Ona386,486orPentiumtheEAXregistercanbeusedandtheanswerisstoredinEDX:EAX.DIV Dividestwounsignedintegers(alwayspositive)IDIV Dividestwosignedintegers(eitherpositiveornegitive)Syntax: DIVregisterorvariableIDIVregisterorvariableThisworksinthesamewayasMULandIMULbydividingthenumberinAXbytheregisterorvariablegiven.Theanswerisstoredintwoplaces.ALstorestheanswerandtheremainderisinAH.Iftheoperandisa16bitregisterthanthenumberinDX:AXisdividedbytheoperandandtheanswerisstoredinAXandremainderinDX.
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Thewayweenteredtheaddressofthemessagewewantedtoprintwasabitcumbersome.Ittookthreelinesanditisn’ttheeasiestthingtoremember movdx,OFFSETMyMessagemovax,SEGMyMessagemovds,axWecanreplaceallthiswithjustoneline.Thismakesthecodeeasiertoreadanditeasiertoremember.Thisonlyworksifthedataisonlyinthedataisinonesegmenti.e.smallmemorymodel. leadx,MyMessageor movdx,OFFSETMyMessageUsingleaisslightlyslowerandresultsincodewhichislarger.LEAmeansLoadEffectiveAddress.Syntax:LEAdestination,sourceDesinationcanbeany16bitregisterandthesourcemustbeamemoryoperand(bitofdatainmemory).Itputstheoffsetaddressofthesourceinthedestination.Keyboardinput:Wearegoingtouseinterrupt16h,function00htoreadthekeyboard.Thisgetsakeyfromthekeyboardbuffer.Ifthereisn'tone,itwaitsuntilthereis.ItreturnstheSCANcodeinAHandtheASCIItranslationinAL.MOVah,00h ;function00hofINT16h ;interrupt16hAllweneedtoworryaboutfornowistheasciivaluewhichisinal.Printingacharacter:Theproblemisthatwehavethekeythathasbeenpressedinah.Howdowedisplayit?Wecan'tusefunction9hbecauseforthatweneedtohavealreadydefinedthestringwhichhastoendwithadollarsign.Thisiswhatwedoinstead:;aftercallingfunction00hofinterrupt16hMOVdl,al;moveal(asciicode)intodlMOVah,02h;function02hofinterrupt21hINT21h;callinterrupt21hIfyouwanttosavethevalueofahthenpushitbeforeandpopitafterwards.
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Controlflow:Firstly,themostbasiccommand: JMPlabelThisisthesameasGOTOinbasic. JMPALabel. .ALabel:;codetodosomethingWhatdowedoifwewanttocomparesomthing.Wehavejustgotakeyfromtheuserbutwewanttodosomethingwithit.Letsprintsomethingoutifitisequaltosomethineelse.Howdowedothat?Itseasy.Weusethejumponconditioncommands.Hereisalistofthem:Jumponconditioncommands:JAjumpsifthefirstnumberwasabovethesecondnumberJAEsameasabove,butwillalsojumpiftheyareequalJBjumpsifthefirstnumberwasbelowthesecondJBEsameasabove,butwillalsojumpiftheyareequalJNAjumpsifthefirstnumberwasNOTabove(sameasJBE)JNAEjumpsifthefirstnumberwasNOTaboveorthesameas(sameasJB)JNBjumpsifthefirstnumberwasNOTbelow(sameasJAE)JNBEjumpsifthefirstnumberwasNOTbeloworthesameas(sameasJA)JZjumpsifthetwonumberswereequalJEsameasJZ,justadifferentnameJNZjumpsifthetwonumbersareNOTequalJNEsameasabove[NOTE:Therearequiteafewmorebutthesearethemostuseful.Ifyouwantthefulllistthengetagoodassemblybook]Theyareveryeasytouse.Syntax:CMPregistercontainingvalue,avaluejumpcommanddestinationAnexampleofthisis:cmpal,'Y';comparethevalueinalwithYjeItsYES;ifitisequalthenjumptoItsYES
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Thefollowingprogramisanexampleofhowtousecontrolandinputandoutput..MODELSMALL.STACK ;defineastack.CODEStart: ;agoodplacetostart.leadx,StartUpMessage ;displayamessageonthe ;screenmovah,9;usingfunction09hint21h;ofinterrupt21hleadx,Instructions;displayamessageonthe ;screenmovah,9;usingfunction09hint21h;ofinterrupt21h movah,00h;function00hofint16h;interrupt16hgetsa ;characterfromusermovbl,al;saveblmovdl,al;moveasciivalueofkey ;pressedtodlmovah,02h;function02hofint21h;interrupt21hdisplaysa ;charactertoscreencmpbl,'Y';isal=Y?jeThanks ;ifyesthengotoThankscmpbl,'y';isal=y?jeThanks ;ifyesthengotoThanksjmpTheEndThanks:leadx,ThanksMsg;displaymessagemovah,9;usingfunction9int21h;ofinterrupt21hTheEnd:leadx,GoodBye;printgoodbyemessagemovah,9;usingfunction9int21h;ofinterrupt21hmovAX,4C00h;terminateprogramand ;returntoDOSusingINT21h;interrupt21hfunction4CH.DATA;0Dh,0AhaddsaenteratthebeginningStartUpMessageDB"ASimpleInputProgram$"InstructionsDB0Dh,0Ah,"JustpressaYtocontinue...$”ThanksMsgDB0Dh,0Ah,"ThanksforpressingY!$"GoodByeDB0Dh,0Ah,"Haveaniceday!$"END
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Procedures:Assembly,likeCandPascalcanhaveprocedures.Theseareveryusefulforseriesofcommandsthathavetoberepeatedoften.Thisishowaprocedureisdefined:PROCAProcedure..;somecodetodosomething.RET ;ifthisisnotherethenyourcomputer ;willcrashENDPAProcedureYoucanspecifyhowyouwanttheproceduretobecalledbyaddingaFARoraNEARaftertheprocedurename.Otherwiseitdefaultstothememorymodelyouareusing.Fornowyouarebetteroffnotdoingthisuntilyoubecomemoreexperianced.IusuallyaddaNEARinascompilerscan’tdecidebetweenanearandafarverywell.Thismeansifthejumpneedstobefarthecompilerwillwarnyouandyoucanchangeit.Thisisaprogramwhichusesaprocedure.;asimpleprogramwithaprocedurethatprintsamessage;ontothescreen.(Use/tswitchwithtlink).Should;displayHelloThere!onthescreen..MODELTINY.CODEORG100hMAINPROC JMPStart ;skipthedataHIDB"HelloThere!$";defineamessageStart: ;agoodplacetostart.CallDisplay_Hi;CalltheprocedureMOVAX,4C00h;terminateprogramandreturn ;toDOSusingINT21h;interrupt21hfunction4ChDisplay_HiPROC;Definesstartofprocedureleadx,HI;putoffsetofmessageintoDXmovah,9;function9ofint21h;interrupt21hRET;THISHASTOBEHEREDisplay_HiENDP;DefinesendofprocedureMainENDPENDMAIN

Gavin’s Introduction to Assembly Page 11



MemoryModels:Wehavebeenusingthe.MODELdirectivetospecifywhattypeofmemorymodelweuse,butwhatdoesthismean?Syntax: .MODELMemoryModelWhereMemoryModelcanbeSMALL,COMPACT,MEDIUM,LARGE,HUGE,TINYORFLAT.Tiny:Thismeansthatthereisonlyonesegmentforbothcodeanddata.Thistypeofprogramcanbea.COMfile.Small:Thismeansthatbydefaultallcodeisplaceinonephysicalsegmentandlikewisealldatadeclaredinthedatasegmentisalsoplacedinonephysicalsegment.ThismeansthatallproeduresandvariablesareaddressedasNEARbypointingatoffsetsonly.Compact:Thismeansthatbydefaultallelementsofcode(procedures)areplacedinonephysicalsegmentbuteachelementofdatacanbeplacedinitsownphysicalsegment.Thismeansthatdataelementsareaddressedbypointingatbothatthesegmentandoffsetaddresses.Codeelements(procedures)areNEARandvaraiblesareFAR.Medium:Thisistheoppositetocompact.DataelementsarenearandproceduresareFAR.Large:ThismeansthatbothproceduresandvariablesareFAR.Youhavetopointatboththesegmentandoffsetaddresses.Flat:Thisisn’tusedmuchasitisfor32bitunsegmentedmemoryspace.Forthisyouneedadosextender.ThisiswhatyouwouldhavetouseifyouwerewritingaprogramtointerfacewithaC/C++programthatusedadosextendersuchasDOS4GWorPharLap.
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Macros:(AllcodeexamplesgivenareformacrosinTurboAssembler.ForA86eitherseethedocumentationorlookintheA86macroexamplelaterinthisdocument).Macrosareveryusefulfordoingsomethingthatisdoneoftenbutforwhichaprocedurecan’tbeuse.Macrosaresubstitutedwhentheprogramiscompiledtothecodewhichtheycontain.Thisisthesyntaxfordefiningamacro:Name_of_macro macro;;asequenceofinstructions;endmThesetwoexamplesareformacrosthattakeawaytheboringjobofpushingandpoppingcertainregisters: SaveRegsmacro popaxpopbxpopcxpopdxendmRestoreRegsmacro popdxpopcxpopbxpopaxendmNotethattheregistersarepoppedinthereverseordertotheywerpopped.Touseamacroinyouprogramyoujustusethenameofthemacroasanordinarymacroinstruction: SaveRegs;someotherinstructionsRestoreRegs
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Thisexampleshowshowyoucanuseamacrotosavetypingin.Thismacrosimplyprintsoutavariabletothescreen.Theonlyproblemswithmacrosisthatifyouoverusethemitleadstoyouprogramgettingbiggerandbiggerandthatyouhaveproblemswithmultipledefinitionoflabelsandvariables.ThecorrectwaytosolvethisproblemistousetheLOCALdirectivefordeclaringnamesinsidemacros.Syntax: LOCALnameWhere“name”isthenameofalocalvariableorlabel.Ifyouhavecommentsinamacroeverytimeyouusethatmacrothecommentswillbeaddedagainintoyoursourcecode.Thismeansthatitwillbecomeunesescarilylong.Thewaytogetroundthisistodefinecommentswitha;;insteadofa;.Thisexampleillustratesthis. ;anormalcomment;;acommentinamacrotosavespaceMacroswithparameters:Anotherusefulpropertyofmacrosisthattheycanhaveparameters.Thenumberofparametersisonlyrestrictedbythelengthoftheline.Syntax:Name_of_Macromacropar1,par2,par3;;commandsgohereendmThisisanexamplethataddsthefirstandsecondparametersandputstheresultinthethird: AddMacromacronum1,num2,result pushax ;saveaxfrombeingdestroyedmovax,num1 ;putnum1intoaxaddax,num2 ;addnum2toitmovresult,ax ;moveanswerintoresultpopax ;restoreaxendmOnthenextpagethereisanexampleofsomeausefulmacrotoexittodoswithaspecified.TherearetwoversionsofthisprogrambecausebothA86andTurboAssemblerhandlemacrosdifferently.
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;thisisasimpleprogramwhichdoesnothingbutusea;macrotoexittodos.Thiswillonlyworkwithtasmand;shouldbecompiledlikethis:tasm/m2macro.asm;becausetasmneedsmorethanonepasstoworkoutwhat;todowithmacros.Itdoescauseawarningbutthiscan;beignored..MODELsmall.STACK.CODE;startthecodesegmentStart:;agoodaplaceasanytostartthis;nowletsgobacktodoswithanothermacro BackToDOS0;theerrorlevelwillbe0BackToDOSmacroerrorlevel;;thisisamacrotoexittodoswithaspecified;;errorlevelgiven.Notestisdonetomakesurethata;;procedureisactuallypassedoritiswithinrange. movah,4Ch;;terminateprogramandreturn ;;toDOSusingmoval,errorlevel;;puterrorlevelintoalint21h;;interrupt21hfunction4Chendm ;;endmacroend ;endprogram
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Proceduresthatpassparametres:Procedurescanbemadeevenmoreusefuliftheycanbemadetopassparameterstoeachother.TherearethreewaysofdoingthisandIwillcoverallthreemethods:· Inregisters,· Inmemory,· Instack.Inregisters:Advantages: Easytodoandfast.Disadvantages: Theisnotmanyregisters.Thisisveryeasytodo,allyouhavetodoistoismovetheparametersintoregistersbeforecallingtheprocedure.Thisexampleaddstwonumberstogetherandthendividesbythethirditthenreturnstheanswerindx. pushax ;savevalueofaxpushbx ;savevalueofbxpushcx ;savevalueofcxmovax,10 ;firstparameteris10movbx,20 ;secondparameteris20movcx,3 ;thirdparameteris3CallChangeNumbers;callprocedurepopcx ;restorecxpopbx ;restorebxpopax ;restoredx.....ChangeNumbersPROC ;Definesstartofprocedureaddax,bx ;addsnumberinbxtoaxdivcx ;dividesaxbycxmovdx,ax ;returnanswerindxretChangeNumbersENDP ;definesendofprocedure
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Howtouseadebugger:Thisisagoodtimetouseadebuggertofindoutwhatyourprogramisactuallydoing.IamgoingtodemonstratehowtouseTurboDebuggertocheckifthisprogramisworkingproperly.Firstweneedtocompilethisprogramtoeithera.EXEor.COMfile.Thentype: tdnameoffileTurboDebuggerthenloads.Youcanseetheinstructionsthatmakeupyourprograms,forexamplethefirstfewlinesofthisprogramisshownas: cs:000050 pushaxcs:000153 pushbxcs:000251 pushcx(Thismightbeslighlydifferentthanisshownonyourscreenbuthopefullyyouwillgetthemainidea)ThisdiagramshowswhattheTurboDebugger�screenlookslikeThenumbersthataremovedintotheregistersaredifferentthattheonesthatwetypedinbecausetheyarerepresentedintheirhexform(base16)asthisistheeasiestbasetoconverttoandfrombinaryandthatitiseasiertounderstandthanbinaryalso.Attheleftofthisdisplaythereisaboxshowingthecontentsoftheregisters.Atthistimeallthemainregistersareempty.NowpressF7thismeansthatthefirstlineoftheprogramisrun.Asthefirstlinepushedtheaxregisterintothestack,youcanseethatthestackpointer(SP)haschanged.PressF7untilthelinewhichcontainsmovax,000Aishighlighted.Nowpressitagain.NowifyoulookattheboxwhichcontainsthecontentsoftheregistersyoucanseethatAXcontainsA.PressitagainandBXnowcontains14,pressitagainandCXcontains3.NowifyoupressF7againyoucanseethatAXnowcontains1EwhichisA+14.PressitagainandnowAXcontainsAagain,Abeing1Edividedby3(30/3=10).PressF7againandyouwillseethatDXnowalsocontainsA.PressitthreemoretimesandyoucanseethatCX,BXandAXareallsetbacktotheirorigionalvaluesofzero.
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Passingthroughmemory:Advantages: EasytodoandcanusemoreparametersDisadvantages: CanbeslowerTopassparametersthroughmemoryallyouneedtodoiscopythemtoavariablewhichisstoredinmemory.Youcanuseavarableinthesamewaythatyoucanusearegisterbutcommandswithregistersarealotfaster.ThistableshowsthetimingfortheMOVcommandwithregistersandthenvariablesandthentheamountofclockcycles(thespeed-smallerfaster)ittakestodothem.KEY: reg8meansan8bitregisteregALmem8meansan8bitvariabledeclaredwithDBreg16meansan16bitregisteregAXmem16meansan16bitvariabledeclaredwithDWimm8meansanimmediatebyteegMOVal,8imm16meansanimmediatewordegMOVax,8Instruction48638628686MOVreg/mem8,reg812/22/32/9MOVreg,mem16,reg1612/22/32/9MOVreg8,reg/mem812/42/52/8MOVreg16,reg/mem1612/42/52/8MOVreg8,imm81224MOVreg16,imm161224MOVreg/mem8,imm812/22/34/10MOVreg/mem16,imm1612/22/34/10Thesetimingsaretakingfromthe‘Borland�TurboAssembler�QuickReference’Thisshowsthatonthe8086usingvariablesinmemorycanmaketheinstuctionfourtimesasslow.Thismeansthatyoushouldavoidusingtoomanyvariablesunnecessarily.Onthe486itdoesn’tmatterasbothinstructionstakethesameamountoftime.Themethodactuallyusedisnearlyidenticaltopassingparametersinregisters.Thisexampleisjustanotherversionoftheexamplegivenforpassinginregisters.
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FirstParamdb0;theseareallvariablestostoreSecondParamdb0;theparametersfortheprogramThirdParamdb0Answer db0..... movFirstParam,10 ;firstparameteris10 movSecondParam,20 ;secondparameteris20movThirdParam,3 ;thirdparameteris3CallChangeNumbers.....ChangeNumbersPROC ;Definesstartofprocedurepushax ;saveaxpushbx ;savebxmovax,FirstParam ;copyFirstParamintoaxmovbx,SecondParam ;copySecondParamintobxaddax,bx ;addsnumberinbxtoaxmovbx,ThirdParam ;copyThirdParamintobxdivbx ;dividesaxbybxmovAnswer,ax ;returnanswerinAnswerpopbx ;restorebxpopax ;restoreaxretChangeNumbersENDP ;definesendofprocedureThiswaymayseemmorecomplicatedbutitisnotreallysuitedforsmallnumbersofthistypeofparameters.Itismuchmoreusefulwhendealingwithstringsorlargenumbersofbigvalues.
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PassingthroughStack:Thisisthemostpowerfulandflexiblemethodofpassingparameters.ThisexampleshowstheChangeNumbersprocedurethathasbeenrewrittentopassitsparametersthroughthestack. movax,10 ;firstparameteris10movbx,20 ;secondparameteris20movcx,3 ;thirdparameteris3pushax ;putfirstparameteronstackpushbx ;putsecondparameteronstackpushcx ;putthirdparameteronstackCallChangeNumbers.....ChangeNumbersPROC ;Definesstartofprocedurepushbpmovbp,spmovax,[bp+8] ;gettheparametersfrombpmovbx,[bp+6];rememberthatfirstitislastoutmovcx,[bp+4] ;sonumberislargeraddax,bx ;addsnumberinbxtoaxdivcx ;dividesaxbycxmovdx,ax ;returnanswerindxretChangeNumbersENDP ;definesendofprocedureThisdiagramshowsthecontentsofthestackforaprogramwithtwoparameters:Togetaparameterfromthestackallyouneedtodoisworkoutwhereitis.ThelastparameterisatBP+2andthenthenextandBP+4.
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Filesandhowtousedthem:Filescanbeopened,readandwrittento.DOShassomewaysofdoingthiswhichsaveusthetroubleofwritingourownroutines.Yes,moreinterrupts.Hereisalistofhelpfulfunctionsofinterrupt21hthatwearegoingtoneedtouseforoursimplefileviewer.Function3Dh:openfileOpensanexistingfileforreading,writingorappendingonthespecifieddriveandfilename.INPUT:AH=3DhAL=accessmodebits0-2000=readonly001=writeonly010=read/writebits4-6Sharingmode(DOS3+)000=compatibilitymode001=denyall(onlycurrentprogramcanaccessfile)010=denywrite(otherprogramscanonlyreadit)011=denyread(otherprogramscanonlywritetoit)100=denynoneDS:DX=segment:offsetofASCIIZpathnameOUTPUT:CF=0functionissuccesfulAX=handleCF=1errorhasoccuredAX=errorcode01hmissingfilesharingsoftware02hfilenotfound03hpathnotfoundorfiledoesnotexist04hnohandleavailable05haccessdenied0ChaccessmodenotpermittedWhatdoesASCIIZmean?AnASCIIZstringisaASCIIstringwithazeroontheend(insteadofadollarsign).Important:Remembertosavethefilehandleitisneededforlater.
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Howtosavethefilehandle:Itisimportanttosavethefilehandlebecausethisisneededtodoanythingwiththefile.Wellhowisthisdone?Therearetwomethods,whichisbetter?· Copythefilehandleintoanotherregisteranddon'tusethatregister.· Copyittoavariableinmemory.Thedisadvantageswiththefirstmethodisthatyouwillhavetoremembernottousetheregisteryousaveditinanditwastesaregisterthatcanbeusedforsomethingmoreuseful.Wearegoingtousethesecond.Thisishowitisdone: FileHandleDW0;usethisforsavingthefile ;handleMOVFileHandle,ax;savethefilehandle(sameas ;FileHandle=ax)Function3Eh:closefileClosesafilethathasbeenopened.INPUT:AX=3EhBX=filehandleOUTPUT:CF=0functionissucsessfulAX=destroyedCF=1functionnotsucsessfulAX=errorcode-06hfilenotopenedorunautorizedhandle.Important:Don'tcallthisfunctionwithazerohandlebecausethatwillclosethestandardinput(thekeyboard)andyouwon'tbeabletoenteranything.Function3Fh:readfile/deviceReadsbytesfromafileordevicetoabuffer.INPUT:AH=3FhBX=handleCX=numberofbytestobereadDS:DX=segment:offsetofabufferOUTPUT:CF=0functionissuccessfulAX=numberofbytesreadCF=1anerrorhasoccured05haccessdenied06hillegalhandleorfilenotopened
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IfCF=0andAX=0thenthefilepointerwasalreadyattheendofthefileandnomorecanberead.IfCF=0andAXissmallerthanCXthenonlypartwasreadbecausetheendofthefilewasreachedoranerroroccured.Thisfunctioncanalsobeusedtogetinputfromthekeyboard.Useahandleof0,anditstopsreadingafterthefirstcarriagereturn,oronceaspecifiednumberofcharactershavebeenread.Thisisagoodandeasymethodtousetoonlylettheuserenteracertainamountofcharacters.Note:IfyouareusingA86thiswillcauseanerror.Change@datatodatatomakeitwork..MODELsmall.STACK.CODE movax,@data;basejaddressofdatamovds,ax;segmentleadx,FileName;putaddressoffileneameindxmoval,2;accessmode-readandwritemovah,3Dh;function3Dh-openafileint21h;callDOSservicemovHandle,ax;savefilehandleforlaterjcErrorOpeningmovdx,offsetBuffer;addressofbufferindxmovbx,Handle;handleinbxmovcx,100;amountofbytestobereadmovah,3Fh;function3Fh-readfromfileint21h;calldosservicejcErrorReadingmovbx,Handle;putfilehandleinbxmovah,3Eh;function3Eh-closeafileint21h;calldosservicemovdi,OFFSETBuffer+101;Wheretoputthe"$"movbyteptr[di],"$";Putitates:dimovah,9;writeastringtothemovdx,OFFSETBuffer ;screenusingfunction9hint21h ;ofinterrupt21hmovAX,4C00h;terminateprogramandreturnto ;DOSusingINT21h;interrupt21hfunction4CHErrorOpening: movdx,offsetOpenError;displayanerrormovah,09h;usingfunction09hint21h;calldosservice
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movax,4C01h;endprogramwithanerrorlevelof1 int21hErrorReading: movdx,offsetReadError;displayanerror movah,09h;usingfunction09hint21h;calldosservicemovax,4C02h;endprogramwithanerrorlevelof2int21h.DATAHandleDW?;variabletostorefilehandleFileNameDB"C:\test.txt",0;filetobeopenedOpenErrorDB"Anerrorhasoccured(opening)!$"ReadErrorDB"Anerrorhasoccured(reading)!$"BufferDB101dup(?);buffertostoredatafrom ;fileonebiggerfor$ENDFunction:3Ch:CreatefileCreatesanewemptyfileonaspecifieddrivewithaspecifiedpathname.INPUT:AH=3ChCX=fileattributebit0=1read-onlyfilebit1=1hiddenfilebit2=1systemfilebit3=1volume(ignored)bit4=1reserved(0)-directorybit5=1archivebitbits6-15reserved(0)DS:DX=segment:offsetofASCIIZpathnameOUTPUT:CF=0functionissuccessufulAX=handleCF=1anerrorhasoccured03hpathnotfound04hnoavailiblehandle05haccessdeniedImportant:Ifafileofthesamenameexiststhenitwillbelost.Makesurethatthereisnofileofthesamename.Thiscanbedonewiththefunctionbelow.
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Function4Eh:findfirstmatchingfileSearchesforthefirstfilethatmatchesthefilenamegiven.INPUT:AH=4EhCX=fileattributemask(bitscanbecombined)bit0=1readonlybit1=1hiddenbit2=1systembit3=1volumelabelbit4=1directorybit5=1archivebit6-15reservedDS:DX=segment:offsetofASCIIZpathnameOUTPUT:CF=0functionissuccessful[DTA]DiskTransferArea=FindFirstdatablockExampleofcheckingiffileexists:FileDB"C:\file.txt",0;nameoffilethatwewantLEAdx,File;addressoffilenameMOVcx,3Fh;filemask3Fh-anyfileMOVah,4Eh ;function4Eh-findfirstfileINT21h;calldosserviceJCNoFile;printmessagesayingfileexistsNoFile:;continuewithcreatingfile
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Thisexampleprogramcreatesafileandthenwritestoit..MODELSMALL.STACK.CODE movax,@data;basejaddressofdatamovds,ax;segmentmovdx,offsetStartMessage;displaythestarting ;messagemovah,09h;usingfunction09hint21h;calldosservicemovdx,offsetFileName;putoffsetoffilenameindxxorcx,cx;clearcx-makeordinaryfilemovah,3Ch;function3Ch-createafileint21h;callDOSservicejcError;jumpifthereisanerrormovdx,offsetFileName;putoffsetoffilenameindxmoval,2;accessmode-readandwritemovah,3Dh;function3Dh-openthefileint21h;calldosservicejcError;jumpifthereisanerrormovHandle,ax;savevalueofhandlemovdx,offsetWriteMe ;addressofinformationto ;writetothefilemovbx,Handle;filehandleforfilemovcx,38;38bytestobewrittenmovah,40h;function40hwritetofileint21h;calldosservicejcerror;jumpifthereisanerrorcmpax,cx;wasallthedatawritten?Does ;ax=cx?jneerror;ifitwasn'tthentherewasanerrormovbx,Handle;putfilehandleinbxmovah,3Eh;function3Eh-closeafileint21h;calldosservicemovdx,offsetEndMessage;displaythefinalmessage ;onthescreenmovah,09h;usingfunction09hint21h;calldosserviceReturnToDOS:movAX,4C00h;terminateprogramandreturntoDOSint21h;usinginterrupt21hfunction4CH
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Error:movdx,offsetErrorMessage;displayanerrormessage ;onthescreenmovah,09h;usingfunction09hint21h;calldosservicejmpReturnToDOS;letsendthisnow.DATAStartMessageDB"Thisprogramcreatesafilecalled”, “NEW.TXTintheC:directory.$"EndMessageDB0Ah,0Dh,"FilecreateOK,lookat”, “filetobesure.$"HandleDW?;variabletostorefilehandleErrorMessageDB"Anerrorhasoccurred!$"WriteMeDB"HELLO,THISISATEST,HASIT”, “WORKED?",0;ASCIIZFileNameDB"C:\new.txt",0ENDHowtofindouttheDOSversion:InmanyprogramsitisnecessarytofindoutwhattheDOSversionis.ThiscouldbebecauseyouareusingaDOSfunctionthatneedstherevisiontobeoveracertainlevel.Firstlythismethodsimplyfindsoutwhattheversionis. mov ah,30h ;function30h-getMS-DOSversionint 21h ;callDOSfunctionThisfunctionreturnsthemajorversionnumberinALandtheminorversionnumberinAH.Forexampleifitwasversion4.01,ALwouldbe4andAHwouldbe01.TheproblemisthatifonDOS5andhigherSETVERcanchangetheversionthatisreturned.Thewaytogetroundthisistousethismethod. mov ah,33h;function33h-actualDOSversionmov al,06h ;subfunction06hint 21h ;callinterrupt21hThiswillonlyworkonDOSversion5andabovesoyouneedtocheckusingtheformermethod.ThiswillreturntheactualversionofDOSevenifSETVERhaschangedtheversion.ThisreturnsthemajorversioninBLandtheminorversioninBH.
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Faststringprint:WehavebeenusingaDOSservice,function9ofinterrupt21htoprintastringonthescreen.Thisisn’ttoofastnordoesitallowustousedifferentcoloursorpositionthetext.Thereisanotherwaytoprintastringtothescreen-directtomemory.Thisisharderasyouhavetosetupeverythingmanuallybutithasalotofbenifitsmainlyspeed.TextAttributedb7 ;containsthecharacterattribute ;defaultisgreyonblack......FastTextPrintPROC.286;needthisforshiftinstructions.Takeoutifless;than286;========================================================;INPUT:AH-Row;AL-Column;CX-Lengthofstring;DS:DX-Thestring;TextAttribute-thecolourofthetext;OUTPUT:none;========================================================pushaxbxcxdxbpsidies;saveregistersmovbl,ah ;moverowintoblxorbh,bh;clearbhshlbx,5;shiftbx5placestotheleftmovsi,bx;movebxintosishlbx,2;shiftbx2placestotheleftaddbx,si;addsitobxxorah,ah;clearahshlax,1;shiftax1placetotheleftaddbx,ax;addaxontobxmovax,0b800h;axcontainstextvideomemorymoves,ax;moveaxintoesmovsi,dx;movdxintosiFastTextPrintLoop:movah,ds:[si] ;putthecharatds[si]intoahmoves:[bx],ah;movethecharinahtoes[bx]incsi ;incrementsi(si+1)incbx;incrementbx(bx+1)movah,TextAttribute;puttheattributeintoahmoves:[bx],ah;putahintoespositionatbxincbx;incrementbx(bx+1)loopFastTextPrintLoop ;loopCXtimespopesdisibpdxcxbxax;restoreregistersret ;returnFastTextPrintENDP
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Explanationofnewtermsinthisprocedure:Inthisproceduretherewasseveralthingsthatyouhavenotcomeacrossbefore.Firslythelines: pushaxbxcxdxbpsidies ;saveregisterspopesdisibpdxcxbxax ;restoreregistersThisisjustaneasierwayofpushingandpoppingmorethanoneregister.WhenTASM(orA86)compilestheselinesittranslatesitintoseparatepushesanpops.Thiswayjustsavesyoutimetypingandmakesiteasiertounderstand.Note:TomaketheselinescompileinA86youneedtoputcommas(,)inbetweentheregisters.Thislinemightcausedifficultytoyouatfirstbuttheyarequiteeasytounderstand. movah,ds:[si] ;putthecharatds[si]intoahWhatthisdoesistomovethenumberstoredinDSatthelocationstoredinSIintoAH.ItiseasiertothinkofDSbeinglikeanarrayinthiscommand.ItisthesameasthislineinC. ah=ds[si];Shifts:Therearefourdifferentwaysofshiftingnumberseitherleftorrightonebinaryposition.SHLUnsignedmultiplebytwoSHRUnsigneddevidebytwoSARSigneddevidebytwoSALsameasSHLThesyntaxforallfouristhesame.Syntax:SHLoperand1,operand2Note:The8086cannothavethevalueofopperand2otherthan1.286/386cannothaveoperand2higherthan31.UsingshiftsisalotfasterthanusingMUL’sandDIV’s.
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Loops:UsingLoopisabetterwayofmakingaloopthenusingJMP’s.YouplacetheamountoftimesyouwantittoloopintheCXregisterandeverytimeitreackestheloopstatementitdecrementsCX(CX-1)andthendoesashortjumptothelabelindicated.Ashortjummeansthatitcanonly128bytesbeforeor127bytesaftertheLOOPinstuction.Syntax:LoopLabelUsinggraphicsinmode13h:Mode13hisonlyavailibleonVGA,MCGAcardsandabove.ThereasonthatIamtalkingaboutthiscardisthatitisveryeasytouseforgraphicsbecauseofhowthememoryisarranged.Firstcheckthatmode13hispossible:Itwouldbepolitetotelltheuserifhiscomputercannotsupportmode13hinsteadofjustcrashinghiscomputerwithoutwarning.Thisishowitisdone.CheckMode13h:;Returns:DX=0Notsupported,DX=1supported movax,1A00h ;RequestvideoinfoforVGAint10h ;GetDisplayCombinationCodecmpal,1Ah ;IsVGAorMCGApresent?jeMode13hSupported;mode13hissupportedxordx,dx ;mode13hisn’tsupporteddx=0Mode13hSupported: movdx,1 ;returnmode13hsupportedJustusethistocheckifmode13hissupportedatthebeginningofyourprogramtomakesurethatyoucangointothatmode.Note:Ihavenottestedthisonacomputerthatdoesn’thavVGAasIdon’thaveany.Intheorythisshouldworkbutyoushouldtestthisoncomputersthatdon’thaveVGAandseeifitworksthisout.
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SettingtheVideoMode:Itisverysimpletosetthemode.Thisishowitisdone. movax,13h ;setmode13hint10h ;callbiosserviceOnceweareinmode13handhavefinishedwhatwearedoingweneedtoweneedtosetittothevideomodethatitwasinpreviously.Thisisdoneintwostages.Firstlyweneedtosavethevideomodeandthenresetittothatmode.VideoModedb?.... movah,0Fh ;function0Fh-getcurrentmodeint10h ;BiosvideoservicecallmovVideoMode,al ;savecurrentmode;programcodeheremoval,VideoMode ;setpreviousvideomodexorah,ah ;clearah-setmodeint10h ;callbiosservicemovax,4C00h ;exittodosint21h ;calldosfunctionNowthatwecangetintomode13hletsdosomething.Firstlyletsputsomepixelsonthescreen.Function0Ch-WriteGraphicsPixelMakesacolordotonthescreenatthespecifiedgraphicscoordinates.INPUT: AH=0ChAL=ColorofthedotCX=Screencolumn(xcoordinate)DX=Screenrow(ycoordinate)OUTPUT: Nothingexceptpixelonscreen.Note:ThisfunctionperformesexclusiveOR(XOR)withthenewcolorvalueandthecurrentcontextofthepixelofbit7ofALisset. movah,0Ch ;function0Chmoval,7 ;color7movcx,160 ;xposition-160movdx,100 ;yposition-100int10h ;callbiosservice
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Thisexampleputsapixelintothemiddleofthescreeninathecolorgrey.Theproblemwiththismethodisthatcallinginterruptsisreallyslowandshouldbeavoidedinspeedcriticalareas.Withpixelplottingifyouwantedtodisplayapicturethesizeofthescreenyouwouldhavetocallthisprocedure64,000times(320x200).Someoptimizations:Thismethodisn’ttoofastandwecouldmakeitalotfaster.How?Bywritingdirecttovideomemory.Thisisdonequiteeasily.TheVGAmemorystartsat0A000h.Toworkoutwhereeachpixelgoesyouusethissimpleformula: Location=0A000h+Xposition+(Ypositionx320)Locationisthememorylocationwhichwewanttoputthepixel.Thisprocedureisquiteafastwaytoputapixelontothescreen.ThanksgotoDenthorofAsphyxiaasIbasedthisonhiscode.PutPixelPROC.286 ;enable286instructionsforshiftsremoveif ;youhavelessthanan286.;========================================================;INPUT: BX=Xpostion; DX=Yposition; CL=colour;OUTPUT:None;========================================================;thiscanbeoptimizedbynotpushingaxifyoudon’t;needtosaveit.ForA86changepushdsesaxtopush;ds,es,axanddothesamethingwithpop. pushdsesax ;saveds,esandaxmovax,0A000h ;axcontainsaddressofvideomoves,ax ;escontainsaddressofvideomovdi,bx ;movexpositionintodimovbx,dx ;movypostionintobxshldx,8 ;shiftdx8placestotheleftshlbx,6 ;shiftbx6placestotheleftadddx,bx ;adddxandbxtogetheradddi,bx ;adddiandbxtogethermoval,cl ;putcolourinalstosb ;transfertovideomemorypopaxesds ;restoreds,esandaxretPutPixelENDPThankyouforreading.Ihopethatyouhavelearntsomethingfromthis.Ifyouneedanymorehelpthenemailme.GavinEstey19/2/95
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