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(System Programming Basics)
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controler
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speaker
expansion slots
Cathode Ray Tube (CRT)
Read Only Memo
Random Access Memory
segment
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Block Address Contents

15 F000:0000 - FOOO:FFFF ROM-BIOS

14 E000:0000 - EO00:FFFF Free for ROM Cartridge

13 D000:0000 - DO00:FFFF Free for ROM Cartridge

12 C000:0000 - CO00:FFFF Additional ROM-BIOS

11 B000:0000 - BOOO:FFFF Video RAM

10 A000:0000 - A0O0O:FFFF Additional Video RAM (EGA/ VGA)
9 9000:0000 - 9000:FFFF RAM from 576K to 640K
8 8000:0000 - 8000:FFFF RAM from 512K to 576K
7 7000:0000 - 7000:FFFF RAM from 448K to 512K
6 6000:0000 - 6000:FFFF RAM from 384K to 448K
5 5000:0000 - 5000:FFFF RAM from 320K to 384K
4 4000:0000 - 4000:FFFF RAM from 256K to 320K
3 3000:0000 - 3000:FFFF RAM from 192K to 256K
2 2000:0000 - 2000:FFFF RAM from 128K to 192K
1 1000:0000 - 1000:FFFF RAM from 64K to 128K
0 0000:0000 - 0000:FFFF RAM from O0Kto 64K
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1. Common Registers:

- AX (AH, AL) : Accumulator

-BX (BH, BL) : Base

- CX (CH, CL) : Count
- DX (DH, DL) : Data

- DI : Destination Index
- SI: Source Index

- SP :Stack Pointer

- BP : Base Pointer

2. Segment Registers:

g o e diwd W 4 L5l oS o o5 BOBB slesls gl 4 Jl

processor registers



.y s (G jlwdoliyy o 1) Juab

- DS : Data Segment
- CS : Code Segment
- ES : Extra Segment
- SS :Stack Segment
3. Program Counter:
- IP :Instruction Pointer
4. Flag Register
- JOOOODITSZOAPOC
o o) (o2by Jlos] (salss Lol cul izad 555 a3 03lizl 3,90 BIOS 5 DOS s lssljb sl logos 18 yhubeo gledli
P aizes Low g High o A Jise g0 4 pabcians B (Shy b DX 5 CX BX AX 20 V8 0ld ey Sgdbie 6500 (008 5 G2)85
AX =AH * 256 + AL :cul aslxe LB AH g AL ol 5l oolizel b AX Jlade dites oliwd B 4w » AH s AL AX ()

bit 15 bit 8 bit 7 bit 0
AH AL

bit 15 bit 0
AX
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- Bit 0: CF (Carry Flag)
- Bit 2: PF (Parity Flag)
- Bit 4: AF (Auxiliary Flag)
- Bit 6: ZF (Zero Flag)
- Bit 7: SF (Sign Flag)
- Bit 8: TF (Trap Flag)
- Bit 9: IF (Interrupt Flag)
- Bit 10: DF (Direction Flag)
- Bit 11: OF (Overflow Flag)
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flag register
address register
segment register
offset
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1. CS: Code Segment
2. DS: Data Segment
3. SS: Stack Segment
4. ES: Extra Segment
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subroutine
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(System Programming in Practice)
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2o g5y 31 48 29800 el IF (412 0 Jaio iS00 0 1) TF 5 IF (slowz yy 503lie upms 5 45 o0 PUSH sy )31, ey 3 Jlado ¢ S8 1,3 51 g
5 ool O LIPS s a8 3950 T gl 105l &y 035l 45 39500 sl TF (gl 1 jlaie cypioman sl NMI aidy aSil Ko 95 (¢S5l lnaidy
g Ll Jolaie g 4 wile od By sledlyy (e sl [S05 (slaardy ;d)'lmo]?}l} IF 005 yho Jds a8 o Jleb e |y clls oyl L'j RS o
Capde Jloy o (Byme sl 5o ol o)l sz sojlads b Jblize 5 YAk yl5p Jgsar o o L5 & iy s Jlg) « far call S s
¥ oS dae g dskd Sl Ly cliiud far Ldlgy ygz 09 03> 58 Jod cpl po was lgy SLis Wb e e (cadBy S oo Jlgy puai b ol 4 4dBg
aasl> 4*int N0+2 ol ol easdas Slis g 4¥interrupt no Sl s ub Jlg, T Slis 5385 jle 40,5 415 Jose ol p3 ol el
D98 Sl v Jlgy b (L8 Jlg) slus laaidy Jlg) jeuss ©)90 53 395 035
lp oS Ggles ) b el ol (b5 5 (Far proc «ll) Jsexs Jlgy o dd can o jl iy co e Jlgy S 1ad8y Sy sklg,
POP 3 o plbosil TOL ay s a5 (gladls] IS iret .og oolizwl Tt (sl & (interrupt return) iret Joalyguos 5l mb lllg, 468 ool 5l cuiSy
el iy (59 5l Loz S e 53958 (13,8
oS ol S (6,505 ¢ TF=0 1o g cunl Cli (S5 o )l 59 g iy b Loyl 15 35,500 Hgimd 93 (LaddSg dy boypo Ol ygiuwd plw
g g Baidy gLl g 5iLeplsl el cuiy 4 g a8 o IF=1

low-level )

interrupt handler or Interrupt Service Routine (ISR)
dicision by zero

single-step mode

debugging mode

disable

interrupt vector table

< A 0 1 <
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©3939 st A (64500 S wliie 0530 o b i IS sl plo 5 0055y e (lawly deolS )y (0 D 4 ow pwd Ol ygiund

» 2bls s 1 wols )y .l (as gl JB FFFFH 6 00H (0 polio b g cul Juate (g)l58lcc s &G 5l w0l Sisu & &S cul (29)5 b

Ol Sl 3 3l Kl el SIS Ol el Jlo el 500 03l 1 51L 4ty ol 3 (e (T L bl (sl & Mt (g8l ol
b aigh el o o 4 Kl 45 gilge oS0 3 SIS

23,5 o3kl ool b 55 WolSyd dy o yznd sl 5 oo OUL 5 N o]y 93 51 80X86 (slaossjhyyy 4

Instuction  Destination Source Instuction Destination Source
Operand Operand Operand Operand
in al port_number out port_number al
in ax port number out port number ax
in al dx out dx ax
in ax dx out dx al
ol 3 &S s S5 93 gy 93 o S it |, word K, gbytL S wilgS o 9 M MOV el jgod 4y dynd (b edosllgians (]

(\') ng‘)y,u) Joleo (\) LJ-OJJI)}:.M)) Jke d')f Lol o8> (g0, lasis O] g PLgRN DX ol b (JJ&) St O yguody »‘9".5" o8> (soylosis b Muaie

How|

(1) in ax, 07ch 2) mov dx, 07ch
in ax, dx

s Canyd y1j Sl ygiiod Moo sansl jlomayes Jsl S5 3l ool FFH 51 15530 clals ) o)lod (sl Lol
out 04a5h,al  ;illegal port address for this format
g 0303 41,3 DX wls > 04a5h e 1l

mov dx, 04a5h
out dx, al

JBwly ;b i (g 5lwdelipy Y-F
2 Ozmed Wlodds iy 125 DOS gy 13 a5 sl 03905 wald |y MsDOs g Intr Jly, 55 JISwly 55y55 10l 92595 51 adBy  Slgsl,3
ilosds (Byme yelaio cpl (gl b d)50 sl g glgl (udes oyl
Intr ( InterruptNumber: Byte, Regs: Registers);
S U3 1, 255 50 o oyl wlgs o yialyb opl &5 oloul 1S o Lasuiie |y Jlaidyge (cadBy (coyles dnterruptNumber yl,b
el Intr Jlg; 51 pols IS5 MSDOS Iy, 3405 Slgdld olgs o 1y ()8l (sladiby dlor 5l g daaidy caon cpl plo
MsDos (Regs: Registers);

ol 1yl YDOS (60,08 sl Lawly ol Jobis a5 1, 21TH gaiBy 4 olitwod lSel Jlgy el )55 515 Jgl el slgises 1y 4y sojlass Jlg, oyl

daly SO 6ol pr ,R0yles SO gy o)y ol 03505 oge a5 0 Jld Hb S5 ,b 18.2 4l ey g ol Wgyee “Clock Tick” « &5 1, ICH

sy « TimerHandler Jly, .ol oas @) aiy copse Jlgy o 51 cltiges o) geby ,0 tgds (gadly Cu e Jlg) cyigs

o35 dnt1CSave sz > GetIntVec jlgslys L ICH (gaisy copio (L3 g, SUis hl ¢ Lol (caobp 53 095 g0 0303 iules s g o2d asls]
gy ol W8 Sy 5 035 izt ¢ Lol (gl aSls 3l 00 o SetIntVec  lssls b ICH aidy cly ain lg) Lo 5 Cosl 03

uses Dos, Crt;
var
Int1CSave : Pointer;
Count : Integer; { Global counter }
Ch : Char;
procedure TimerHandler; interrupt ;
begin

parallel port )
DOS Application Program Interface (API)
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{ New Timer ISR }

Inc(Count);

GotoXY(10, 10);

WriteLn(Count);
end;

begin { main program }

Count :=0;
GetIntVec($1C, Int1CSave);
SetIntVec($1C, Addr(TimerHandler));
writeln(‘Press any key to exit’);
Ch := ReadKey;
SetIntVec($01C, Int1CSave);

end.

Plis b yito g5 opl Wilonds iy ys DOS iy 5 o8 35,1 5l ReGISters g4 5l (g yisio 4 (558 b 53 y2 20033105 Skl & loiwd
At sy 1S o
sl 005 iy 5 ) yuiie 3,55, S g0ty REISLETS g5 sl 4 gl ) (g5lwosles gl
type Registers = record
case integer of
0: (AX, BX, CX, DX, BP, SI, DI, DS, ES, Flags : word);
1: (AL, AH, BL, BH, CL, CH, DL, DH : byte);
end;
L DHUAL oA clgls blosd o3y isles alie pb b s WOId g5 5l ola puisio (calowgy BP U AX w woijlyy 0 V8 clels
9 AL s S o ool SluSy (gabadls glad I s Vg s A slesls ladls o gl polie (gjlwo pBd jo ailesds &) byte &9 5l sl puiio
905 030l 3,55y £95 | et ol (sloald | Bl o gpusts 035310 Sl & gyt sl a3k Registers gg 5l o S, Regs 1
- Regs.AX,
- Regs.BX,
- Regs.AH,
- Regs.DL, etc.
08 oo 5 oty iy Sy Sl sl DL cls & D3H e Jlo) o
Regs.DL := $D3;
Laib 4By . 8 ) winlgs 1,5 ool 390 culs selwgs oS lels 3 1y Jainyge polie MSDOS L Intr | assy S, g3l ys 5l LS
S o 308 o ilo 1 g 1S e odliel 5 kain g0 (sloild 53 0 o3l )3 ML ]
Carry o5y j5bas DOS gy ails )5y doliyy 4y 1y SleMbl wilgs o vy b dacdls 1 (o)l )3 1o 5 Ol g 0 y0ilgs
iz glacl DOS Cagr ) ey (o) Clotaw (glys Do o (23,040 ‘O" 3890b sl b mb Sledlyd LL 1 e &S a0 oolitl Flag

3505 o3lizl AND Slas 51 5y oo sl 48,5 e oy 1 SualtS” aSal (yesd (slys sl 005515 cclonn s cslain poolio b ,Blize o Cunlord Ciypos
w3 o TTUE Hlade EITOT Jgr suiio 40 il o K Carry Flag o jluis o g0 3 pj o)jle

Error := ((Regs.Flags and FCarry) <> 0);

Constant Bit Position Bit Value
FCarry 0 1

FParity 2 4
FAuxiliary 4 16

FZero 6 64

. )
variant record
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FSign 7 128
FOverflow 11 2048

3 3 31, ST sl b 315 5318 (sl 5 4 Sesldl g5 31 ol yiabl & iy oy (sl 3l 92,95 9 o3
4 NEAR (cla5o)lsl 535 s FAR (ola So,lil i Towe (olis g ashad 5lis Juls 5 039y FAR aivan b )So)lsl oyl aimd e 5L3 o o 4
s o)Li}l ._\u‘yL;o uls)g d)l? (Saalad )'\ E)B 9 PIELI NI 2y d9>90 L;Lm.)b

Gy p ) by Sl ol s Syl g5 5l oyl &S sl mb 5l Je DOS 09H 1 :addg malgs @ W50 Wil Jlw,l

Sl g 13b AH ol 5 @b soyleds 48 3l sl wb ) DOS wly sdon aslon s oo bt sy So b Jomo g9, salaiii 51 5 Liules (seorinn
ol 3l Tase Lis DX g addas lis jluie DS sl awils 41,5 DSIDX s g5 5 29 00y (yialed sl 1,8 45 glawdy ogl> 15l gy

opl lp e 13 DX g DS (clsls j g o3yg] vy |y 4y 15l SLis 456 45wl b Jg ol ol Sl 55 4wy sl aGsgmg L
a3 e Gy dbadle )3 1y 13 S5 Tae g asdad (sl SLis iy 45 0,1 3539 OFS() 5 Seg() ab 95 Sl gy55 o yolate

il gl DOS 09H &b 1 asbys ool cumd 5 oolizul 3,90 DOS 09H ol L 1) gl o) algs oo 4565 a8 a0 L5 ) Jlio
)l ‘$ L L awsy (bl b jasuie 4 LS 09H &b DOS &l plo G WS o o3litnl ioles (gazmbo (g9) y pli ko )3 D990 (gL,

.null cob &
program 9HDemoP;
uses DOS;
var Regs  : Registers;

Message : string[20];
begin
Message := ‘DOSPrint$’;
Regs.AH := $09;
Regs.DS := Seg( Message[1] );
Regs.DX := Ofs( Message[1] );
MsDos (Regs );
end.

AJ‘);‘_;O)) DS:BX ol z9) ‘) ;D)LAI g.SJ &S AS‘:Q @]Pl)ﬁ ‘) DOS 1BH éa'.: 2 dd\ab)) :4.639 éf'}? }, lﬁ;b)l»w, wlg)b
caliseo &\931 Cog (glp FFH v FOH Sl slass” 5l DOS .A;fuc oLl ol (gyl> (g0 )5 \LgAJL») 3 Jols a8 col 6w [Soylil oyl
S o asuiie |y ot Sad Elgil (caon FBH jlaio a8 o odlitul baoniils 3

1 ol ) sl 0 iy o5 aebiyy (6t) )3 il o & 5,5yl lgie & MediaPtr gg5 Sy Soylsl 1 aloy swlis s sl

ok iy 5 855 ) §1 cepmite lsies MP aobiyy 53 tylodges slom) FAR (o )l3l S, o8 355 tunlss ytabas ciitun FAR atipan JISly 93,55 > o S0 0l

&6 51 yebaie ol gl by amd o JL,E MP 13 DS:BX wls 295 51 9 y9lcasss | (o 1y (285 5 jSo,lsl aslyy DOS 1BH &b Sls s 51 e .ol

SleMbl &y g yiwd gly S0 Ll cpl s o oS5 sl 51 So,lil 5 g 03903 bl 1) Tge 5 ankad gla SLis @l oyl S oo o3kl JISuly o005 PLT
Ay e Ui |y dlae ol asliyy bl y> WriteLn jguos .l oolizul 6 w)lil 3,40

program MedialdP;
uses Dos;
type MediaPtr = "“byte;
var Regs : Registers;
MP . MediaPtr;
begin
Regs.AH := $1B;
MsDos ( Regs );
MP := Ptr (Regs.DS, Regs.BX);
WriteLn ( ‘Media ID = ©, MP" );
end.
slp MemL g MemW Mem gons ciy 5 35 b 4w 5l Jls 92)55 3 : MemL g MemW (Mem L abidls & ow guwd
3 45 395 g o3l )l I b S el ol 950 1,8 eolitul ol o lOngint(dwords) 5 word byte glyl b cus g bbbl 4 gyt

255 Gy 598 saoliy )3 w15 Cygo & Ol |y Al sdwlis Jlio (sl e e e 17 L T Sl 51 asad Ui badisg,S 51

media code )
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mem[ Regs.DS :Regs.BX |;

g5 dol B o ol Sl gy 5 0nd iy yu5 L55] el S 5l oolizal L PC (sleals s :JBwly 92,95 53 Lol )5 ) (o i

23le Jloyl g0l POTtW (o V8 (claolS )3 (61p0) POTEW g (Lo A slool8)> (gl ) POT 218 o Sty WnolS 5 4 (oo yiwd (sl |y il g5 JISly

S liwd 390 435 b Juate 3y g5 4 T ol 51 S lwsl sy e 1y A olie Leid POTt aSJls )3 e e ol aolS o & 1) (0 V8
A8 ookl ] 4 g yiwd (¢l POTTE 1 bl 45,59 S odliwl POTtW I ailgs o sl (i V& a5 b 5y 31050

o553 (sgiome 5 salox 9 ya Jlia (sly S odlitl wlyl Jgene 926 5l gl 3 Cledbl by b el jl cledbl (ulss (sl wlgi oo
il EGA/VGA o5 & jo (S5 Jyus ) e o wiilgs 0 |, 3C4H
XByte := Port [ $3C4 ];
XWord :=PortW [ $3C4 |;
295 Jloyl o8 )3 4y aalS' b ol G oS wims ool 5 laalos
Port [ $3C4 ] .= XByte;
PortW [ $3C4 ] := XWord;

C oL b i (sjlwaoliyy F-Y

MICIOSOft it divej il 55 Jpamo Atz eyl &8 15 93 b sl 0 i g1 5 luvg S oyt C (o blols 13l JISesly 55

9 Ngd e Jolols g3 (sl blals caan b OIS oyl )3 oni 1)) C (slaasly Borland C++ 4 Turbo C++ 4 Microsoft C 6.0 4 QuickC
claDirective jl masly ,5 gl 5y 53 5o sloyblols cladilsolis 1 colis s 4 g8 palls dxbo (ggy p Cunl (Son Jlais plin (s Lasd
3 ol ys g 1S od o3lil CH (b o155 (sleibl 51 ladol pr el i (¢ 5lodolpr Ciim gn Cansl 0ib o3l oling Slo iy yui (¢l #ifdef

Slld ol 1, intdosx() 4 intdos() dnt86xX() dnt86() wly wdyp wa 5 Cdlug,Sue clayhlols on :C ;1 addy Jlgdl,d
5 INtdos() wly s Slgals 1) Intel cowsjlsy caisy YOF (caon g o INEBOX() 5 INtBO() wly aSleyd AiS o walyd (g)l50lp 5 (clmaidy
iy oo ly @b Ver 3l i g sl DOS (63,08 sabip Lusly @olg Jolis o5 iz 21H (0X21) (saiBy ogaso intdosx()
sl 05 ©yp0 53, 18 DOS.H (LB )5 LIS 93 50 5 s ool M)
int intdos( union REGS *inregs, union REGS *outregs);
int intdosx( union REGS *inregs, union REGS *outregs, struct SREGS *segregs);
int int86( int intno, union REGS *inregs, union REGS *outregs);
int int86x( int intno, union REGS *inregs, union REGS *outregs, struct SREGS *segregs);
dnt86X() 5 INtdosX() wles 15,5 s yal)ly olsie 4 REGS g5 5l oo )So)lil 4 358 b Jlaz y» 10053010 o RITUT & (o pud

Sl polio iy Slgslys 5 LS 5ed wles 55 oo )8 edlitl 390 085535 SLSLS isles (gl baylisle ol .5l b5 o SREGS g4 1 (oo 4
Amd e 5 OULTEES (3 ) 0355, slegls ol iy Jledlyd (cacils 5| L g 1S o)l INTEES I, 03jls )

Iy cwl BYTEREGS g WORDREGS jslu g3 Jolis o5 |, union G REGS (g V8 5 o A slegls a0 oms slis cdggm sl
M o oyl
union REGS {
struct WORDREGS x;
struct BYTEREGS h;
35
struct WORDREGS {
unsigned int ax, bx, cx, dx, si, di, cflag;
35
struct BYTEREGS {
unsigned char al, ah, bl, bh, cl, ch, dl, dh;



Y

ok )2 pesgew (g jlwdoliy oY Jab

i A loils wiless o3 Llis WORDREGS jisls s wlie b L unsigned int b ize b (ES 6 AX)ossjlsyy o V& lols
s slaaladls a8 ol e 3565, S5 REGS ksl .xlbas 1)) BYTEREGS ,isls ,> unsigned char ¢ls i L (DH 6 AL) 055l

- pregs.x.ax,
- pregs.x.bx,
- pregs.h.ah,
- pregs.h.dl, etc.

e o lis (STydl jebay |y s A g V8

25 Jos 2 S 4 plgiee 0255 Slasld 4 (g ytod sl il REGS g5 1 (5 iz pregs 31

0 ot 25 gty ctnd )5 DL el 3 a8y Jgslp 5 J51, D3H (0xD3) i sy 51

pregs.h.dl = 0xD3;

Sk aidy s )5 )5 dmles 5 oslatul 3)00 @b gy oS 2l )3 1) Hlainyge plie (398 @l L iy S (Sl ) S

LS o i yn o g WS e ool yaisyee (sleilS 50 el 0ald 8 cle M

G ls cpl 4 @l el a5 cal s ol 4 pel opl 35,05 3¢ Jlisleo o Mel 3 axad clggls oS 34 0 03 WORDREGS Gy ys5 5
y3lis 5] 15 5 sl SREGS g5 51 1 (sl iolyly 5 s & oS ozl int86X() 5 intd0oSX() algs 51 sl 15L axdls 55 Gl ool & b 5158

struct SREGS {

¥

unsigned int
unsigned int
unsigned int
unsigned int

il 35 US34 SREGS Gy yoi g o (635, askad clysls

es;
cs;
SS;
ds;

gy BX C AX (cloab b oo pitods 305 3939 3l ) slopuitodnd 5 o3lital b 5l 4 _ooyiasd 510l 12 y50 (sla blslS 3 cpsizmen
Ao |y lgls 4 idgh g S5 auiitane (ou yiand (yKel 48303 3gng 0k53ld sSWS b bl  FLAGS 554..9 _ES,..3 BH. AH

sl y92 Jblels b 9 € b5 4 TCH iy o pe Jlg) o 5l (sliges 0 5ol iy (428 Cu pto Jlg crimogd
#include <stdio.h>

#include <dos.h>

#include <conio.h>

#define INTR 0X1C /* The clock tick interrupt */

#ifdef _ cplusplus
#define  CPPARGS ...

telse

#define  CPPARGS

#endif

void interrupt ( *oldhandler)(_ CPPARGS);
int count=0; /* Global counter */
void interrupt handler( _ CPPARGS)

/* increase the global counter */

count++;
gotoxy(10, 10);

printf(“%d”, count);
/* call the old routine */

oldhandler();
H

int main(void)

pseudovariables )
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/* save the old interrupt vector */
oldhandler = getvect(INTR);
/* install the new interrupt handler */
setvect(INTR, handler);
puts(“Press any key to exit”);
getch();
/* reset the old interrupt handler */
setvect(INTR, oldhandler);
return 0;
b
Carry jls3yS jobds DOS wlgs 3ils )5y doliys 4y 1y SleMbl 015 g0 02 b3 dacdls 5l (g5l ;5 22 33 LI 3 eoa gy (ybilgs
S5 s WORDREGS il doos oy Slorw (gl D 0 (B )lAdo goi 3390l el b &b Sleslyd (LL 5l s &S kS o oolatul Flag
o w2 o) 2 sdelp el aaled 1, T L0 pslie 5l SO g 29800 50 o > 4By Jledl,d 5w Carry Flag s 5 ol cflag sba abs
29 g0 ooyp 21H (assy I3H b Jlgsl )
#include <dos.h>
void test ( void )
{
union REGS pregs;
pregs.h.ah = 0x13;
pregs.h.dl = 0;
intdos( &pregs, &pregs );
if ( &pregs.x.cflag)
; /* Carry flag set */
else
; /* Carry flag unset */
}

» flags pbay 6800 4l widygr sl ol 5> (g 2,05 3925 o sl (loly g Sem (sl JbliolS 5 il ooz 5200 I 41 5l 5]
eyl e elayblols )3 oyl ol 33,5 o |y 035315 (sl o (cdon 457 3,13 5g33 WORDREGS s Lo

struct WORDREGS { /* Borland only! */

unsigned int ax, bx, cx, dx, si, di, cflag, flags;

IR
sl 485 )k o2y PS8 008 (e wilioe ) s> @ arg L

Constant Bit Position Bit Value
Carry 0 1
Parity 2 4
Auxiliary 4 16
Zero 6 64
Sign 7 128
Overflow 11 2048

b 3bies 51 SNl b s oul 5l S SIS e 8l Sosl g5 3] (olasially & aiBy ol 5 syleun 1C 3l 9 B8
dlmo)‘) 4 NEAR dlm)fo)‘..f}l a_é)'ﬁ)g FAR dlm)fo)‘..f}l D L\.w @Lw 9 dalad dL““ J.ol.w 9 009 FAR LWPN-Y Lto/fo;Lﬁ‘ O:‘.l LD e )I)é O’l
S o)Ll Al o Al (g)lr (gankad jl )5 g Al (gl j2 )3 39250

oy p a8y o @l ol oyl Se )il g il x4 cul @ 5l Jie DOS 09H ol 2aidy qilgd 45 Wy ,So,Ll S,

L?’L"'“" 9 35b AH ol égl.'{ 50 ke 4 J)b )Ué.;'.il égl.? Lﬁ] DOS 6"95 Sdod Wlen B o LJL'“" J.o.‘:QlSm ul:ﬁ Jza gy i )'| 9 u,bLo.: Ldxbuo
ol 3l Tae Lzs DX g addas jlis jluie DS sl awsls ;1,5 DSIDX @ls g5 5 59 00y yisles sl j,3 45 gy g9l 3L g0



A-Y

ok )2 pesgew (g jlwdoliy oY Jab

ol sl aumd 13 DX g DS el )3 g 0090 cwts | asy 8l s 465 a5 wils b Jg sl Gl C 5l s and, slool aongng b
aadls 3 08 S e g adad (gla Slis s 4 0,13 3929 FP_OFF() 3 FP_SEG() (sleabi b 55e 53 g See g g0 (sl jblials 53 glaie

Borland:
#define FP_SEG( fp ) ( (unsigned )( void _seg * )( void far * ) ( fp))

#define FP_OFF( fp ) ( (unsigned )( fp))

Microsoft:
#define FP_SEG( fp ) (*((unsigned _far *) & (fp)+1))
#define FP_ OFF( fp ) (*((unsigned _far *) & (fp)))

255 e Jod |, FAR g5 5l 5 e 4 4y (6 )50)lil cblung Seo g5,5 1o o plyso 1) site o iy (slimngy 005 iy poi (59,5 1o a0
d')’ DOS 09H é:b )l ML:)) u.\l W) )‘)9 ool D90 DOS 09H é:b L )l)l.:ﬁl; 93 ‘) ‘.AB)SL: L)J‘ Auly@ =b5§> Ly Au.{‘f ssnlie 2 Jl:.a

/* Borland Version */
#include <dos.h>
void main ( void )

{

}

union REGS pregs;

struct SREGS sregs;

char Message[20] = “PC Interns$”;
pregs.h.ah = 0x09;

pregs.h.ds = FP_SEG ( Message );
pregs.x.dx = FP_OFF ( Message );
intdosx ( &pregs, &pregs, &sregs );

/* Microsoft Version */
#include <dos.h>
void main ( void )

{

union REGS pregs;
struct SREGS sregs;
char Message[20] = “PC Interns$”;

sl Coglisie o b JlolS £45 90 ol )3 sl iy g, Lol imd oo cwy

null el g w)h $

void far *mesptr = Message; /* FAR pointer to string */

pregs.h.ah = 0x09;

pregs.h.ds = FP_SEG ( mesptr );
pregs.x.dx = FP_OFF ( mesptr );
intdosx ( &pregs, &pregs, &sregs );

S35 oy DSIBX @l 295 5 1) [50,lal 4 o8 1S o Jlgsl)3 |, DOS 1BH ol 535 (gaobyy 1088y galed 51 W ,50 Ll b3
laouils, S Cilises glgil aposi gly FFH b FOH ails, class’ 5 DOS .5 o 0Ll ] o)l g005,5 gails, 55 Jolis a5 oy K 4 ,So Ll o)

S e pasuie |y o Sund glgl caon FH jlude .18 oo ooliul

iy MK FP b 4 98k 5 DOS.H 5 jobsie ol (6l ol FAR So)lil 6 a5l o Sy S0 Ll 5l ailoy (gduolis cyonss <l
(S puRie Ol}‘&c\g mp MU)g O?.I P M PN ») d‘\"B)% 3 9)§L= C)’..‘ oy 5 .,\;fde sl FAR )fa)t;}‘ <SS j,\.:.o 9 dslad L;Lm@h;l} )'l sl b 9 Cowl 00

P DSBX wls g9 5l oyglcasss 5l g 1y 285, So)lil asliy DOS 1BH gl Slgd 13 5 oy .ol 005 iy 5 unsigned char ¢4 1 4 far
ygd ol o3l b8 o)Ll )90 leMbl dy wyind (gl Soylil ol a8 e odliol MK FP (65,80 I yslate ol (sly 4oby .amd 0 1,5 M

#include <dos.h>
#include <stdio.h>
#ifndef MK FP
#define MK_FP ( seg, ofs) ( (void far * ) ((unsigned long) (seg) << 16)(ofs)))
#endif

A e s |y las ) asliy bb s printf
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void main (void)

{ union REGS pregs;
struct SREGS sregs;
unsigned char far *mp;
pregs.h.ah = 0x1B;
intdosx( &pregs, &pregs, &sregs );
mp = MK_FP ( sregs.ds, pregs.x.bx );
printf (“Media ID = %d\n”, *mp);

}

g sly olgie pokeb g poke alg ;i C ulyg la)blals 45 :peekb g peek pokeb poke b aidls @ ow piawd

segment:offset jli jl byte L integer G suls lp peekb o peek qly I 5 abél- segment:offset jlis ,» byte L integer
13903 0dlatwl aladls
void poke(unsigned segment, unsigned offset, int value);
void pokeb(unsigned segment, unsigned offset, char value);

int peek(unsigned segment, unsigned offset);
char peekb(unsigned segment, unsigned offset);

3 dyg p a8 Whoas By ol b ly (ooumie wly dlug)Suo v g Mdygr clayblols )3 on :C 35 WolF > 4y owpwd
ol Sglie wb b HblalS 45 95 50 @ley ol oy ilons iy s CONTOLH > il ,Sen 5 g DOS.H

Microsoft: Include File <CONIO.H>

int inp ( unsigned port );

unsigned inpw ( unsigned port );

int outp (unsigned port, int databyte );
unsigned outpw (unsigned port, int dataword );

Borland: Include File <DOS.H>

int inport (int __ portid );

unsigned char inportb (int  portid );

void outport (int _ portid, int __ value );

void outportb (int __ portid, unsigned char _ value );

#define inp ( portid ) inportb ( portid )
#define outp ( portid, v ) outportb ( portid, v )

5 INP() (59,5le 95 Cdlug Sio Hhlols' b )83l clp ayss Jhlols )5 s (2 VP 5 A (slaolSy a4y (gt sl ol HhlelS 5o o
ol odd Ly 5 o A slaolS s (¢l outp()

235 00 015 sl EGA/VGA &)l5 S 3 (SblS S 51 st o SCAH o5 5 (egime o5 Jlio 5
XByte = inp (0x3C4 );
XWord = inpw ( 0x3C4 );
95 Jloyl o550 &y aalS | culy 4 oS wimd oojla] 5 clodlar
outp ( 0x3C4, XByte);
outpw ( 0x3C4, XWord);
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(The BIOS)

doddo V-Y

Sy 01515, 4531 §1 U s PC 45 Lol i 15 DOS el sl o lyy DOS L1, PC s ol poinr Mol 1) 5 6l
slllyy saen Jolis BIOS el oy 30 PC as g 5l ol g 3513 3659 PC Lol 5y g3 gabiils ;s ROM & (g9, »» BIOS 5,5

sl oy g oloj )b el (295 cplalaimio (298 Cape Sygd Jold llly cul sl (b pily) g Jl58lecn b blsyl sl PC jlisjse ol

L;Mb)go.: L PC LSJ ‘_g‘): d.al;).\ BT PR VETVC W}:ML'): Sl ))IAJLuAJI BIOS é)]}.\ iy dbu’l )I Sl AR BIOS ‘)}
S agai Ll s gon o 15 GPC gamn gy 2 15l 5 cadg PC S g9y 0 oliie | abip o (ne (o) &0 s ol gl
A3l 85k ol jsboay o2 1 g BIOS 1 ol clall) b )ljilesn

34 ol Cpl wte ol CoblKe iz )] ot Suwd byl bl €8 48 i8S calo PC oS o o sl PC 3l oge i BIOS
Swn lss BIOS 3 cous Koy Slatiy @y Jbs yo

b oglize PC G &8 sl oo 36 1) PC dilises (8055l BIOS sl PC s pgwpe (Lol Jole g cnl jli8lesus 4 aly BIOS
LS el g o 1] L'ﬂ oy 2 &S |y bbby e oAbl L‘j b ol BIOS &l Lol e 5l IBM PC

«hiy BBIOS (4] 45,5 5y #b Quadtel 3 Award Phoenix AMI jI ;g o 45 Sl e |, BIOS (laasly o8 pas
) s T bl il Jg it ot b olegglis

BIOS 5, laibus! Y-

losd s ol 4 45 315 3459 BIOS (5 aady Y05 .l 03905 iy 1) PC )3 5l 590 slayzalyl 9 BIOS wlgs calises ¢lgsl IBM
)8 @y s S o oSS e lgiedy addy I S 4 BIOS loasoslsy il @lys ol 125 Joso pd il e o 1y yl53lcsun b bls,l ol o]
A Salgd 00l s i asldl jd o)l oyl )3 S Sawd (g0l S g gy

Number | Meaning

10H Video card access

11H Configuration test

12H RAM test

13H BIOS disk functions

14H Serial interface functions

15H Cassette and extended AT functioms
16H Keyboard functions

17H Parallel interface functions

1AH Date/tme/realtime clock functions

compatilbe )
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BIOS 5,55 oo Y-

by 3 o3lizl b gie yolaie cpl (sl nl gwyid G 5 3,15 352 ROM-BIOS FO00:FFFO ibss 5 BIOS &b 5 i)lS
3905 o3lil DEBUG
C> debug
265 35 1y 2y olo b
-d FO00:FFFO L 10
FOOO:FFFO CD 19 E0 00 FO 30 33 2F-32 37 2F 3938 00 FC 5C ... 03/27/98 .\
anlors o3 Lisles (398 bas Canly cows > BIOS 5,5
-q
C>

e il a8 b 31 PC Ui w550 Gugiaaly )00 )54 PC Juo slolis gl BIOS 5l e plg PC g45 cpmns
23b ) S 5l (K Jolds sl (Sen ol cpl ST oLl oyl 51,8 FOOO:FFFE il » ROM-BIOS

Model identification byte codes
Code Meaning
FCH AT
FEH XT
FBH
FFH PC

Sl cBIOS )3 S5 clogglis s 4 g B985 o Sluidy 555 jobas IBM 8 s cdlo slo 5guols ;5 5 § ditns 585 pdlie o]
s a8 o9y PC Jre plolis (sl g cnl cilisee (slogS

BIOS (cls ywiio F-¥

oy |y 39 313 ola puisie 95 oo 0arel TBIOS yito (ctelas’ "BIOS puito sodgtoes & (RAM) diils eyl Yo8 3 BIOS
it (glbpise 5 Cunytd )3 D9d o 03kl DOS wlgs 3l oyl (galwgs 155 )15 3939 LBIOS glgil (caen )3 3,15kl &ygody by, cpl A5 o

JOH Tae b peite 5 5Lis o gl 0T oo cawts 0040H gaaad Sl b e sl 3l 51 JolS ol ol o aseitio gl e Sl § Glan
<! 0040H:0010H

Offset Function Size Access

00H Serial interface port addresses 4 words INT 14H

s 55510 )51 952 45 (8350 ) (St S o e |y s 530Sy  POST L sy oo 8558 s PC s 3, plin >
Lol 05,0 Sl wanl o coms Jbpw Lawly 45 (o3l 4 95 0 aseie COM4 5 COMI b o wcaol RS-232 1 by slodawly Sl el

08H Parallel interface port addresses 4 words INT 17H
g o 035 4olS Hlaa )0 g 0l o l@io‘f)) SUE o2 (LPTl-LPT4) Silse sladawly 350 5

10H Configuration 1 word INT 11H

BIOS variable segment )
BIOS variable range
Power On Self Test
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k.gi L)’I L o).:.é 9 d)l}a 9 JL).u.' LgLQ‘Ja.u‘g sy (LPNY s s MJ dl}hb,\;}l); Sy J“B )‘ e L;Mb)io.: 4 Joy)n leMb! )g.‘.u.'
g oo s dolS

12H POST status #1 1 byte POST
13H RAM size 1 word INT 12H
15H POST status #2 1 word POST
17H Keyboard status byte 1 byte INT 16H

S o s |y o 5 Al Ctrl Shift s o IS closls cng

18H Extended keyboard status byte 1 byte INT 16H
19H ASCII code entry 1 byte INT 16H
IAH  Next character in keyboard buffer 1 word INT 16H
ICH  Last character in keyboard buffer 1 word INT 16H
1EH  Keyboard buffer 16 words INT 16H

D95 1 oyt g3 o By cpl 3l sl ol 3 Wl e claj oy SISV iSTis oS WS amine (las a5l 4

3EH Disk drive recalibration 1 byte INT 13H
3FH Disk drive motor status 1 byte INT 13H
40H Disk drive motor timer 1 byte INT 13H
40H Disk error status 1 byte INT 13H
42H Disk controller status 7 byte INT 13H
49H Current video mode 1 byte INT 10H
4AH  Number of screen columns 1 word INT 10H
4CH  Screen page size 1 word INT 10H
4EH  Offset address of current screen page 1 word INT 10H
50H Cursor position in eight screen pages 8 words INT 10H
60H Starting line of screen cursor 1 byte INT 10H
61H Ending line of screen cursor 1 byte INT 10H
62H Current screen page namber 1 byte INT 10H
63H Port address of video controller 1 word INT 10H
65H Mode selector register contents 1 byte INT 10H
66H Palette register contents 1 byte INT 10H
67H Miscellaneous selector register contents 5 bytes POST

6CH  Timer 1 dword INT 1AH
70H 24-hours flag 1 byte INT 1AH

71H CTRL-Break flag 1 byte INT 16H
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(Video Cards)

doddo V-¥F

gy e oyl 5 etnly 3kl g wlosd 3yme 985 Hercules 3 VGA EGA (CGA MDA 3l dlie o9y bl

2 (SbhS Gl )8 Calises (gladisS cglds s Folite sladisS gl 55 393 TIGA 5 Super VGA b aas clg)l5 glgl 5 55 (o> o)l

ol ieles g SN 1038 gy 5 g Al liee (] ialos oy b (DS a5 V23

sl 5 g0 4 o3l (sl 4t L o SIS Sl sladisS o tanes Sl B

33 ABM PC 8,50 b olyon g cunl (S81,5 cles)8 elgl o 50038 51 CGA ol o 4, :MoONOchrome Display Adapter (MDA)
Sl sl Gy YO g i A By S5y T e Ginled o8 WS o Sty |y ¥ Slles @l S i )8 ol i adpe DAY Lo
Oinled 1y ST Wlgi s )l 45 ol iomen S 6,485 RAM 3 il oo 1y (osles doxin S5 s g Canl (o8 oy 559 (sdlails o)l
S

a8 S sl 1y (S5 slaiie 9 KLE ialed SUlgs g b (Byme VA Jlu o 55 )8 g4 oyl ‘Color/Graphics Adapter (CGA)
ol s i ,RGB 54,5 Wy oblg o)l8 o5 ol i odlanl \cui\g'lalw. Sl 4 e pd 5l Alg e 55,5 e oolitul oylS gg oyl
Ofeled ) Cdy YO 55 (gt A e &b 3 55 )8 g5 ol g oslitel (o 5 s a8 Sy sl olte (Sl SIS ) et
ool 5y 5oz b Ol 320X200 75 sl Kbl )5 s 5 5 23 o

wwasly 55 1, KBS il oUlg Jg 39 MDA alie cazyn jl & 6,503 @) deilo; olen > :Hercules Graphics Card (HGC)
2yl asiio g3 y3 1y alais T20X348 zg59 b SIS (iales WUl )8 g5 cpl b (Byre

£9 ol 29 6518 Cued ) e 98y (Silopnl B e 9 15 Byme VD b 5 )8 ) :Enhanced Graphics Adapter (EGA)
oy NSl g 43,5 )3 a3kl BIOS lbay EGA ROM-BIOS Sl ¢ o5 Sty 16kl ROM-BIOS  ¢abwss EGA
Sl &S L5505 EGA )R baisS Mg 4 gapd (BNl 6, gous IBM St il mrld 1y )8 5 opl slacublB 4

Sge5 Ko 5 |y nyiaeli g S s sl 3y 55 IBM el EGA b g 0,5 o wolyd |y 6,505 ilas

P layglod 5l g g b (Byme IBM PS/2 o 59ualS b losed 9 YAAY Jo 3 o)lS ¢95 opl :Video Graphics Array (VGA)
@ Sl Sypon |, ) @S VGA ()5 BGA Y 5505 w08 1) ot e Glales 5 5L g9 iy (5055, 0,5 oo o0litu]
ol YO8 9 V8 F O Slhes el g 1) @oglite K5y Y84 oe i VGA (ls,lS ey opl 4 Jlowd & wiiS o Joyl (isbsdin
Tos b oS lles b S 3 S o w3 sl Slles clls g b o5, V8 L F ¥ L1, 640X480 505 o) g5 ol hind e
50 S g5 ol sl Gl BB 55 S12K b oS cnl 256K Lging sabisls chls )8 g6 opl ccal Giales b8 S5, Yor 320x200

H5163,S5 o Sl 3,155kl | cilizee BaS Wy g cal 365 ol ROM-BIOS (l,ls

And e Lioles YL rads 5 siie ) S b g e |y badaii bl sl VGA L alis o)liles gl o8 g5 ol Super VGA
3, Y05 U 1y abis 320200 il LUl piles <l 3 VGA sl 3 a8 o bty 55 1, VOA Silles ol oled Sl o
S e el S5, YOF L 1, 640x480 4 640x350 640x200 oy oS 35)b 51y ;505 Sl b aw Super VGA lgs)l5 wush
L VGA L Bl pileamino K 5l a8 Syge 3 o |y dbis 1024X768 § 800X600 7454 45 555 393 55 (65503 Shles bl
A Lo U 5 )8 g9 opl 3590 p3 imd oo )8 Ly jd il azils dgmg (B cojlilay oty sabibls 15 g web edlinl Multiscan

resolution

video RAM
operationg mode
monitor

pixel

color palette

—~A 0O~ 1 « -
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oLl &y ool sl ol BIOS 9 Slhles sl Gy D (aw JVESA Golaidl pU b pomw S S Jlo ol 53 5 il 299 (63, 05kl

.)54.)

s TI34010 jls o solize slaaisS shyls 5 canl ¥ pivack s o cosl &S o5 Texas Instrument Graphics Architecture (TIGA) o
Sizwn VGA ()5 5l g b0 b deg)lS g6 ol .l TT 34020

L) 555 o )5 CGA 3 MDA (a5 b b 151 85 sl 005 iwster 10H cgolad iy B 5 il sl ROM-BIOS 5

Jud 4l @l i 35 539y b g )b 3529 WS cul g5y p 4Bl Sy > & w55 els BIOS (gl VGA 3 EGA )l

1S ol S o 815 59550 BIOS @1, VGA ; EGA glst 5 03905 Jae 10H (gaidy L bls,l s BIOS (gl lans ol J acgoone i) s on
Siwn S VGA plg 5l s EGA )y

&y diwd 5u5 BIOS olg 5l lg cpl dol a5 odlizul il gdmio b, sl Glge 35 DOS il 5l BIOS plg j oMe
axiio S gl 35 iy O IS & peltens g tund (bg) (i Altud Gl (sla sl b o)l Sl 65Vl gy gl DOS
N aphy aladls )3 LMl puitne (g (29ihy COI HIIES 3)90 )3 maiune (g yiwd Cusl Sy 03 Boy 93 jl 5 Cenl odlatul LB les
il 03D Jud 51 DOS | BIOS (slaciy Jlgls 4y bypje clo)ls plonl & 5l pas oy, onl 092 S > 9 <l B8OOH:0000 il
S a8 Jlgy (Jlte sl sl Jljlesin 4 bl (Sily qualiine (o piod (Do) mhe s Cusl 03 9wy 59y 2 byiall g LS S Sl
25 55 Jas (6505 )3 plaS ym 4y bgyye Jlg) 5 25 sals glice MDA 5 CGA (el cams o ot Siles (gamivo (55 1 |y 551

Sygots ROM 15 cul ol claas” cla! o1y ROM BIOS o oo i cas yw 2alS 505 s & ROM BIOS g5 590 5
» ROM BIOS (5,85)L (S ol @by ol) &5 9800 YU 4 (o YV (claodsjln g )3 05294 caimams b 1S el opl g Conl (oyiod BB o A
ROM g 4 (50 ¥V L AS Lo yiwod S op) 395 o0 aiS ShadOwW ROM (] & &5 ol collfo V ss g (oghtsg (gabibls codgime 5 9 RAM
S e paly3 1, BIOS

‘é"?" L)" )‘ P‘JS 2 @]Pl)ﬁ dl)" W N ) )I)ﬁ )Lol).) l) L;OL?:A L;LQ(wg)w aS we 1CH & O0H L;lmo)lo.w d')l) T A BIOS e‘y
D5 oo 1B AL Gls o ol (ooyles csl (a5 390 @l SO )51 390 (3, lde Jlaidyge (goyles L AH wls sl

Video BIOS functions and support from EGA, VGA and standard BIOS

No. Meaning

00H Determine video mode

01H Define cursor size

02H Set cursor position

03H Read cursor position

04H Read light pen

05H Define current screen page

06H Scroll screen up

07H Scroll screen down

08H Read character and attribute

09H Write character and attribute

0AH Write character to cursor position
0BH Set color palette for graphics mode
0CH Set screen pixel in graphics mode
O0DH Read screen pixel in graphics mod

Video Electronic Standard Association (VESA) )
programmable
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Sy S

&S g5 ol pj iSp polis 4 v L DOH xby5 o TAH &b 5l eslizel L VGA BIOS 51 ggpaug &) ga5 cmns

Code

Meaning

00H

No video card

01H

MDA card / monochrome monitor

02H

CGA card / color monitor

03H

Reserved

04H

EGA card / high resolution monitor

05H

EGA card / monochrome monitor

06H

Reserved

07H

VGA card / analog monochrome monitor

08H

VGA card / analog color monitor

2l jasds

S pasis |y )8 g5 olsiie JOH gl o 12H ol 5 eslizul L EGA BIOS 5

Y 29y gadl Y-F

dsbls oyl Slgime D9 o3litel RAM jl e j 4T b sl gitss &)l (g5, 2 Slgiise 5 cand PC Y Slis (gl gin gy (galasls
by g abisls ol 5l ol 9 b ool S5y 5 LIS o oo b )3 my g o0 00 liS ikl (gt (59 p oSl KIS g e Slmio b Hlilize

(500 0305 i 5355 daldl )3 a8l Jbolito alibls ) g i b o e ptaled domiior (59, ) alals yn (S5

»

»

Video »

CRT

A A

RAM >

P skl 5o 90k 1,5 BO00:0000-BO00: 7FFF  slis (cosgimme ;5 oy cabsls MDA 1o K)oy slog)8
BB abbls 4 wyiod Joexe (sladyy b o)ls j13 niaw (clolis (clad 5 dadls cpl g 2480 £9,5 B800:0000 i jl EGA e (K,

O Jobs cusg alibls ol o T Patej o T lol) 55 ol s 5L 38 ol 6 ol wdomio 55y 2 2L S0 (2895 sl (st ol (o

ol Gioled amio (59 0 SLE ke

3 s ol ) el Jl5 gy galabls ol g3 4 ST e kel (gl e clls )3 tope Sl 4D (oaiagg galddls AL

byl 5 0 DA ige) 5, kol 5y o] gaaS ol 5 )8 £ b caliie o Coly 53 35 oo o3 o Y sdastine pgd cul o g ST S

S e st |y die) 5 e o ¥ g ol 5 Culy ol Cuss c ¥ MDA )3 Mo 55 0 et

g 5,b )3 0003H 3 0002H sleslis ,» o] (samseio g pgd 3Tl sl 000TH (o] caasuio ae SLis s 0000H «sTlS oyl e Sl
o 4 a8 sl ausly cud )l 80x25%2 = 4000 byte wl gy bl (il dmiw g9y p oMbl amio S Lisles ly ey ol 4 3]

video RAM
address space
pixel
foreground
background
ASCII code
attribute

< A 0 4 -
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Sl S )3 o sl a3 1y amio Sl e oy o 8KB Miahusl AKB ) i oy il cudjb 51 g 0 4288 Vaeian S
abo (g 9 2903 9% |) oyl (g JOH iy wlgs ) oslitul b .cans €555 nl MDA (sl 55 Jg )l> 3929 o8l ool VGA 3 EGA
el Jaled 4o (59) g SlMI Jled dgut0 S
oslisl ¢] s b oty sl )3 S S s (2d9 Sy Ol 2 g Sl ity AL & el (ow piwd
g0l
character offset position (row, col) = row * 160 + col * 2
g Jalss 5 &y 4 o sasule ol Sl
attribute _offset position (row, col) = row * 160 + col * 2 + 1
SIS > o cusl (g el askad LS cashad LS &S ged oolazsl MEM j5 5l ol e JBly 0l 53 laite pudins (255 ol
S s b9 Sl 25 ©opots gy Ol i ) 4 e sty 398 Jga b o 1o S 5 sl BOOOH MDA ;5 s B8OOH . %,
g (TOW, COl) (gabais y> ST
procedure DirectWriteCh (row, col, ch, att : byte);
begin
Mem[$B800:(row * 160 + col * 2)] := ch;
Mem[$B800:(row * 160 + col * 2 + 1)] := att;
end;
25 Jos 25 Sse 4 Gl (TOW, COI) (gebaii 51 ] saasetio 5 SIS S, (il ol rizeen
procedure DirectReadCh (row, col : byte; var ch, att: byte);
begin
ch := Mem[$B800:(row * 160 + col * 2)];
att :== Mem[$B800:(row * 160 + col * 2 + 1)];
end;
far < sbo) pg> 39, 9 peEkb 5 pokeb wlyguws ;I odlinl cunss 39, dges odlitul jelate oyl ly Bliee 39y 93 31 C obj o
ool aging sabidls 4 pointer

peekb , pokeb g jl oslizal (il
void DirectWriteCh (unsigned char row, unsigned char col, unsigned char ch, unsigned char att)

pokeb(0xB800, row * 160 + col * 2, ch);
pokeb(0xB800, row * 160 + col * 2+1, att);

}

void DirectReadCh (unsigned char row, unsigned char col, unsigned char *ch, unsigned char *att)

{
*ch = peekb(0xB800, row * 160 + col * 2);
*att = peekb(0xB800, row * 160 + col * 2+1);

}

far pointer «lygiws ;I oslazul(w
struct VelB {
unsigned char ch, att;
¥
typedef struct VelB far *VP;

void DirectWriteCh (unsigned char row, unsigned char col, unsigned char ch, unsigned char att)

{
VP Iptr;

)
page
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Iptr = MK_FP (0xB800, 0) + row * 80 + col;
Iptr->ch = ch;
Iptr->att = att;

}

void DirectReadCh (unsigned char row, unsigned char col, unsigned char *ch, unsigned char *att)

{
VP Iptr;
Iptr = MK_FP (0xB800, 0) + row * 80 + col;
*ch = Iptr->ch;
*att = Iptr->att;
H
oalil ooy 5 Lol )3 & sy (oladely g 03905 ol (lgi oo dladls & wabitus (owyid (sly 398 (Sl ;I P R0 By Cu e
2 axkio (59) p odd aiby MLl b3l g 0,55 5 haled gamie SNl g pw (g g (IS pikius dmoyy (3,5 ey 9 (il Kl 9 e
i WO Lol (g0, SleMbl (6)lieSS 41 p3Y oud ol amivo 59y 30 1) W ooy 05 IS5 50 el )51 Jlie (sl ol (g0 (sl 3L,
oobatl )5 15 inles domieo 03gie ] 53 45 gl (sladasiiie ¢ ST (o) el (60-20+1)%(15-5+1)*2 slal b 3l Sy b el o
W 6y sy 31 551 ol oosiS 05683 53l ol 13 1y iy ledol DirectReadCh gy j1 oolital b g 38 sitans oo yiosd (slaiday b yupms oudd
b el )3 35250 LMl CundlS’ ¢ L8 (gaomivor 4y (LIS 9 il dmiio (59 51 o 005 SL el ol @5 pae s W (sled 1y 0500 pll
D9 ol oy cdasls > DirectPutCh ob ;) eslis!

(80x25) Liles amio (WO) Lol 0y
(20, 5) (60, 5)
Wi

(20, 15) (60, 15)

AN 55 slodge 51 5)lS ool dimse 1) i slogh s g bl sojlel VGA 5 EGA (sles)ls Tlogigh Gy o 5 B!

25 b EGA (k)5 LS o sy Slales (saiio 59y p )3 )13 gy selibls )3 & I DItMAP (g9, 11, SIS po S5 oS 1S o olil

X8 sl L (sl SIS toles sojla] VGA los) «mizzan imdse |y dlais 8X14 4 8X8 sl b (sl SIS Liles csojle] osbolianl el 4,
Aimd e | 4t 8x16 4 8x14

8x8 8x14 8x16

L1 11
S ababls ol VP 9 VY A @ i (358 Sl aw )0 ST e gl cud 5 opl el ol S5 4 5l (35 lae e )3 i) e sl
slesed Mm).\J» Slgd (Byme sly s ol b dasls <ol 256X16 4 256X14 256X8 a4 (ST VO cly cogh i ym (sl g dg dmlss
5 daigd Gy (gl L D05 bl 1) osd Sl clemigd (slomn plo g 03905 Ciuye 358 (slaojluil L (character table) s < g o (o)l
25,8 oslizl EGA/VGA BIOS 10H saisg 11H &b 00Hgb

AH=11H
AL = 00H
BH = Lines per character (also bytes per character)

. \
window management
fonts
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BL = Character table (0 or 1)

CX = Number of character in table

DX = ASCII code of first character table

ES = Segment address of character table in RAM
BP = Offset address of character table in RAM

Hercules w,ls ,» 1,5 el £-F

ol otg gt cu K b blie (isled diuo 59y bl ya WS e ool |y 348XT720 £asy (SlS b HGC o)ls
B D g Ugd e £ o jl (iuled (gattio Slaiie (slbygoe 310 dgng dlal )59 gd 0 01 Liuled Ao (g9 dlal S Bl ) Cuy Hlade 3]
awl YEY g+ ob bglad ojleds g et VAL - 5l s

S o 3 gy salidlo s

+0000H Line 0 »
Line 4
. Block 1
+2000H Line 1
Line 5
: Block 2 " CRT
+4000H Line 2 »>
Line 6
’ Block 3
+6000H Line 3
Line 7
Block 4

WJol Sol e A F o sloolos b bglad 5 Mt oy ity cilisee bglad sl 005 opends 8K S5l ¥ & a5 sl 32K 9 alabls
s b3 YFA 1o S5l y )3 ool O0X8 = 720 s o blis 51w &5 sl ol Ae ol ks m 3101 5 > Ssly )3 o & B ) cslmoylesd b by
ol 02lwolMy g (galadls @il 55 b

eag) Conds |y ol o Cam (ssled g ol SU Wb gy salails 13 (X, Y) piales aomiio b o S5 (samlne sl
ByteAddress(X, Y) =2000H * (Y mod 4) + 90 * int(Y/4) + int(X/8)

BitNumber(X) =7 - X mod 8 { xS o jasuio | pian cahais Jol s g 1) prio gabaii puid oy |

Gl gs adaie 0 4 (ai (g0l (gl g 1 4y caba 0l gy (gly ond ooly SLiS 1 39390 ol 3 el Cndy Can Wb S opl @
(XS Y) o 00585 o) sl Sl ol 3 e
procedure PutPixel (X, Y : Integer);
var PixelByte, PixelBit : Byte;
begin
PixelByte := Mem[$B000:ByteAddress(X, Y)];
PixelBit := 1;
PixelBit := PixelBit Shl BitNumber(X); { Shl = Shift Left }
PixelByte := PixelByte Or PixelBit;
Mem[$B000:ByteAddress(X, Y)] := PixelByte;
end;



R s B el

CGA &5 ;5 (Sudl S cdls O-F
038,35 51,8 oolitwl 3yge yidis D90 90 4SS o Sluidy |y (S8 b aw )lS g4 oyl

ly el opl glsslesm laisy plo bl 0,8 o Sl |, cdls o CRT controler « «%5, V¢ L 160x100 ¢4.5, :Color-Suppressed o

W3S (oo (Sl
«$5, ¥ 1,320x200 55y @
5,71 640x200 oy @

Siyaaliy b oS Sl bl wald 5, F L1y ooy ol g 18 edliwl sy saadls 16K 1 wlg o CGA )5 :320X200 9054
5 45 Lo ttan sl b5 1OH iy OBH b |, 5, bl ol

sl Sl L V) gy VB ) e ) -
s Ll BB 5 S5y gy 90 5 &S K0 Ky dw 1 ool SOy -

Palette 1: { Cyan, Violet, White} Palette 2: { Green, Red, Yellow }

i) 5L S g3 0 el o (gl 3 SIS Sl 3 gl galidls SLELw

80 bytes
+0000H Line 0 >
Line 0 >
: Block 1 CRT
+2000H T.inel
Line 3
) Block 2

Samole gly 35,05 )15 ped gl 13 58 bgas 5 Jgl Ssb 5 795 bglas .l 0ad punds 8K S'gly 93 4 &8 el 16K 959 (gabibls
img) S ) ol o oyl osled 5 ol (SLE L iy il 13 (X, Y) Gl s sl S Gl

ByteAddress(X, Y) =2000H * (Y mod 2) + 80 * int(Y/2) + int(X/4)
BitNumber(X) =6 - 2 *(X mod 4) {15 o jasio |, » cdhais A 9V closo}

ol 0 (gaaS o 031> ol B 9 ¥ (gloin j0 dais G leMbl Wil )S 0 1) ¥ Hlade pod Jgoyd o (gl ST iy cpl 4
Dgud o plp 93 Ao 4548 ORI 4D aay 5 yiin 5y 93 9l (SIS aba (¢l o K b b o) 5> :640%200 999

ByteAddress(X, Y) =2000H * (Y mod 2) + 80 * int(Y/2) + int(X/8)
BitNumber(X) =7 - X mod 8

el S Y )b o)l8 g9 ol ICGA gl

Sl sl xiles BBpé g g BB S5 g dge5 bl |y 399 (calaw sbdls lyi e w A b3 opl L :Mode Selection Register o
il T ggls 515 40X25 sl 0 (ol 3145 08 o aseiin |y inlod BB (sl SIS slass el o) O ey ol 3DSH ol ) o5
al SIS Al gl 1 e 5 e s sl 0 Hliie o8 S o Gasudie |y (ogitng <l oy 398 o0 033 iales ain )3 SIS 80X25
29 melal Cay ol Hlake Wb e g SIS @ el s o (gl

ol BDAH () o8 )5 s 45 cul Gilgs haid @ls 9 115)5 oy |y SidliSew 4 bgyye cledbl 5 jonile cuxsy :Status Register

3D9H () o5 )3 Lt g ol s hais s ol dges bl 1) ol § e 5y sy lgi e s ol L :Color Selection Register

color palette )



A¥ Sy S

VGA sEGA b, 5%

St B 5 ol oty sl gl s (bl g yinl 51 5103,S5 (gg s Sl 3 kil K 5l Gl Bl b 45 W &5 5 slailon
593 o3lizsl EGA/VGA BIOS glss jl oS el

5 ool SBCabl Wil b g4 1 Hiole 45 Syp0)d 5 ) (o3bj (Sauly seiile g5 4 VGA L EGA (ks)ls LS 2 gle g5
i Jlasl BB 5 laygisle glgl 4 Wg)l5 g5 cpl 235 08 )8 Jlisl o )8

&S guile g5 wloly 5 cwsl Monochrome L, multisync (EGA (CGA (slaygiile 4 Jlasl L8 EGA o8 <, :EGA o
WSS o Jos 698 MDA | CGA )5 S alie EGA

ooy « Sy b ik VGA slaysiile 35 5 Analog Monochrome slaygule 4 Jlasl L8 VGA )5 :VGA
Dy dwled ey 1 VGA sls,ls YL

VGA 5 EGA (bl cnl jlpleses s dol wizilss 1) gas ol ooy 8 s Uls HGC 5 CGA o) 2 pgai ol,f &5 po

cloian 1y 5 g bl gl b sl (KBS Sl 3 s o] e o wdlan o 51 4wl 00 Lt TS e gt sl sl o bl
&S oy 3929 5,8 g4 ol y> pel panning registers pU b <l 93 jslate oyl (gl s o9l (dlibls cangish 4 g3l g o <S> (3908 g 8
Ol o) (Sl S (o0 e VL L o oo 4 b3 S gl gl Jlade JIBIL g Csl gl (g350 <S> sl (6)K05 9 (B Sl (S

il Slgs o 3DAH  3COH o5 5 4y d5g05 (gly2 g 03905 3lkiasl sl

U5 EGA & caws VGA )5 sblis 5l (S wcal VGA )5 sloidls ool 1 (S wdls opl (VGA &5 S5, YOS Sl
S5y YOF clls yo Lol Lages bl glaie S5 ygpmw YEV -+ 5l lo5 oo 1) calise S5, YOF .l doritio (59, 0 lojod &ygody iglate S5, YOS isles
] alads 640X480 oS aisly pudled S V8 s 4 o |y (65508 zodg b (] 3 &S 39y dalss alais 320200 oy

ST odliwl L 10H (g4ddy 00H GU )9]é;a C)ﬁl Lgl)g Cuwol Oi Yd)’L»JLé s C)ﬁl r""h"’ Lgl)g )lf ST :&) YOF s M““"
FEWT PESy | 320x200 T30 b5, YO8 b mb cpl Sledlyd b caoncs 55 0,8 )8 WL AL @ls p oS cul 13H o) o losis

mov ah, 00h
mov al, 13h
int 10h

O gaskad i g sl 64KB g salabls ol dladi 35 45 5,05 5l5 ol G @ da o il ol 03 giaug gakidls JUALw
el BSOOH
VideoSegAddr = BSOOH
ooy sdadls 3 P(X,Y) bt pa SLis (gl gl g o)l 4 ¥V s ya p
PixelOffset (X, Y)=Y *320+ X
Dg Wlgd 5 &yao 4 PutPixel Jlg, o
procedure PutPixel(X, Y : Integer; Color : Byte);
begin
Mem[VideoSegAddr:PixelOffset(X, Y)] := Color;
end;
function GetPixel(X, Y : Integer): Byte;
begin
GetPixel := Mem[VideoSegAddr:PixelOffset(X, Y)];
end;

smooth scrolling )
animation
enabling
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(Keyboard Programming)

doddo V-0

a1y S ool jLid 5l ol (S8l (glapully S amiio JliBle i dg0d cappte Ll s il 5 casl PC o335 o3l 51 (S0 lS axio
Iy Fglize scan code « Jyus cloads b Jgome (sladds 5.l 5 g o asel “Scan code” slucl opl i o Jlo)) PC 4y g 03505 Jois (o3l

sl YPK,@U a8 by bawly b jlas ol 51 g canl \Pl.i,.\m 9 JUyw bl g9 48 39 o0 plosl IS K oyl 51 PC LS asmin bl
Gl glas

S &S 395 oy U 3950 Syl PC s g 395 00 Wy (glite (slasS S 6 Sy ¢ o0l L8 (15l 4 imake and break codes

L ShifthA Jie o 5 closdS Sl Glge Ghgy ool 09 9 298000 st S loj o 3 a8 g3 lo)ltd 52k 51 g ol 0 Loy b 00b 03 1,18
oiin o oSyl 3,5 ay aBge ¢ cunl Make code S oyl 5 ol jio SCAN COAR wrin oy dgd o0 035 IS G &S B 3905 3liul Ctrl+X

2450 Jloyl break code S, lgie 4 559 dnlss

opl o oly ge3 dlul 1) e g Sog8 9 Sy gy g S8 landS ghon oS 5 g e o] 5l ealid b g cul <ol K scan code
e 5 (36H) Shift .l make code X, Lyl ShiftA (ol Moo ¢y 355 Jloyl SCAN COdE Sy JyiS b Jsare 315 o (oljlay & canl
03905 uS )i o )3 1y 35 93 L ot cdlyy> break code g ons cél > make code bgs ;g wiuww D950 Jo)) (IEH) A 1) make code
YROM-BIOS )5 amio saiby cu o Jlgy bauwss by 455 ol oS oo Jluoyl Wadolspy 4y 1y sllize Sl 08 5 08 o sl 1, A T8 )50 G5
g0 3wl ASCII code make & break codes 4 av g L g 390 pbsl (INT 09H)

3 ASCII (391 5 kil 5 sy & 4595 b ey 9 o ASCII code « scan code > :ASCII code 4 scan code Jsuas
xnlgs JSie aaslyy ROM-BIOS )3 slSasmin addy copse Jlgy puis b aglite clascan code Jlo)) g 1S amio llccus jus ©)g0
ol IS VY LV Jgene sladS asio b cuglite 45 55 343 g LIS aio gl (6,500 bl Laptop sla pguels )5 Jle (sly .cuils

BIOS 4,b ;1 oS asxbo & ow yuwd Y-0

e b S by gl b Mo g it a8l wlg opl bl ool 03905 wald ] Cuxsg g S aio il (lp b aw JOH cassg
sl 3 Kol itians (cwn gl b g Conl DOS @l g3 45 )5 5929 sl (s, 599 9 AdSamins ,3L 51 0
Function 00H: Read keyboard (Remove character from buffer)
Sy e 29 0n e (pgoinl pd 3 IS g dalip g 3 2 Bl 1y S Bl il 6] 1y oS S ) oSipge
Bbl SL b opl ey aalgs 3409 AH > Extended ASCIIL Jgas j jblize 35 ¢ cuol AH=00H o jgoipl pe > cuily aalgs
2l € o5 » geteh() b Jiuly b o ReadKey Joles b ol opoo sl 1) 44 doxiio clas 2 3 So,8l 5 2135 00
Function 01H: Read keyboard (Don’t remove character from buffer)
5515 b ol o 035 S (s oS drard i oo sy s led 1T i e 0)ligd g 35 sed 3L 51y ST &bl OOH @l 83y
g e plol kbdhit() ob L C ob; » s KeyPressed o b JSul gl 5 45 (6,8 98 pbul as allS 5 035 oloj b b s jlatie ot 03;

daatd g o ZF 03,8 S b g 090 dnlgs ZF=1 wjgoipl e 3 5 5,5 0 jlaie (LS b wlen W5l g ool ZF=0 S G s 035 <jg0
P PO W) 83; SS as

syncronous
asynchronous

upper case

ROM-BIOS keyboard handler

~ 1 € -
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Function 02H: Read control keys

sl i sadS L Blie ol opl it (Glag )5 oy |y (J5S o dS Cunsg U 0ilgd plgie |y alSamin S col bl ool b

Scroll Lock : ¥ ., Right Shift: - ¢,

Num Lock : 8 ¢ Left Shift: v .,
Caps Lock : 5 Ctrl : ¥ e
Insert: v c., Alt:y ey,

BIOS (g juxio (gazhd jd a5 axbio gl putio Y-0

)Swd INT 16H 4 INT 09H (cabuwg b pusiio o) s 1S aoio & boyye BIOS (gla o 5l (oolind a8 pusiS ¥ Juad
{0040H addas Lis)ow! 5 7y 4 bl o SLis g o5l el e ) 5045 0

Offset Meaning Size
0017H Keyboard status byte 1 byte
0018H Extended keyboard status byte 1 byte
0019H ASCII code entry 1 byte
001AH Next character in keyboard buffer 1 word
001CH Last character in keyboard buffer 1 word
001EH Keyboard buffer 16 words
EWLgPELY as 3L,
0040:001E =T EE R 0040:003D

>
HEEENEEEEEEEENEE

0040:001C 0040:001A
Last Char Next Char

iy 5l 5 i LIS 4 6 Sorlsl pmite gl S e e |y MlStomio sles o 3l AEH 4 1CH JAH sloilis cslo poize

b godgame wunl Coli ¥V b addS VE Jsbo (s> 9 1l oo ol 3DH b 5 onis g9,8 1EH 1 a8 pow i g 5SS )31 a0 (So)lsl cpuie cpuoga

o NEXt (5ol b 25 ol IS 5 conl 3 cglind 51 SIS (o szl Copgum 55 yib (oo 4 3l pie sty i sl o ol (slis o
an3 o il | INT O9H (cabusgs 3L (351 olos gy ool 87 0,l) Bl (gluid & 0,193 3k 3T sy S50 5 5 5 il

OIS ﬁlw -0

Sl S5 Gge sy g qadl auih S (Sl e el el 81 talSamie galSy Cupse W Jly)
Jlsy 1l s Jld Y(TSR) dsbls 13 puio (sl S5 AIFF10 Moo slaned oS 5 035 L b 55 i 5 TESEL sl Alt+Ctrl+Delete
w55 3Rl 390 Jlay b g iz (INT O9H) IS aomio g4y o e gl s

ol (2953 639y9 Olbls)l (gly o)slaindar aily 8255 2,8 s5y4eliy |y 8255 sy Ll :4..;.\5 Ao W dﬁ)é\nbf
62H 4 61H 60H iy o bl bilis 45 5)b PC g PB PA (laal @y 65,5 aw asly ol B9 g0 Juato o)) 4 1S amio Jio  olonlKiwd oS
45 353 329 S aiihy S A dmio (9,0 3 gde 8 PB g PA cbalS s g aby piilKe 5oyl 5l okijlay g S a0 b5l s
i & 1, make & break code dasls’ 3,5, b ool jlis b bl g cul bl candg jd @l Jlatie g 18 o (wyp |y Al Cunsy diven
g0 Jloy) PB b 5T ACK & oy 53,5 Ko b s 9 394500 oiles PA 055 5 T scan code wls o ilgs (gl S o Jo

Lol o2l 00 o 4 beiy) )3 &S @045 (gjy4eb s «wol CRT Controller o5 6845 (cailys b jolato ol gl tlei e y3ls &8y
2483 o ploul ialed amio 69y 2 1y Led e b Sy )5 C b 4 ;oS askad

void GoToXY(int X, int Y)
{

Terminate Stay Resident )
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mvV=X*80+Y;
outportb(0x3D4, 14);
outportb(0x3DS5, (V >> 8) & 0xFF);
outportb(0x3D4, 15);
outportb(0x3D5, V & 0xFF);
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(Diskette and Hard Disk Drives)

oo V-5

& Sawd 4 g St (ol maw BIOS glg ams oo )3 ,Lis ] )3 o Sawd g cSund b 00,58 ¢l Iy (il 90 2 DOS 3 BIOS

Norton Jm L?i"s LSLD.K\A[J); CYubgs L5|)" .,\Mfd o5 ua.lam G ygody &mx.} 4 900y MY @aw DOS é-"}’ Lol ..\Mf‘_;o o5 L;gv).\_@ 641.‘»5 &; ul}.&
2 Mo el G5 3y90 5 SO S 0sdr 5 CSud 4y opions (g yiwd sl BIOS sdasy Sagd &) g yiwd & jls PC Tools | Utilities

oy ed hs) S ety 4T L 05 0i ity BIOS (galigy o 08 oolitl Sas (o yiood sl ol 55 Sl el o (g0
! SCST L IDE Jls ola )8 (5)debp dhojls ccw Sand 4 padinns (o piwd oS (5 jloodly

Couw Sumsd g CSwd UL V-5

s ¥ 50 o 4y )Ly Kede 5350,k N B0 5 a5 conl Tyl ool gl oy Kawd b s Sy 1S U

LS 0,30 395 50 Wilg¥ go 1y 00ld sume e g 2945 0
S b B gy g CSud g5 4 )l )3 Lt Sl
5.25" o338 95 45 3 d9mgcSansd g9 93 w0jll s 1)l (K o
uise e DOS cep v cwl 3.5" wgi 0 odlitul (Y &8 o9 g
Ui S JBhs (Sand @ guytd b a5 sl ol 512 e

s g Sl 15l a8 (g g (plgs g 90 dldgi b oilgs

g0 dplne |y 8> Sy bl lgicee ) o008 b 1CSud Cud b o

Floppy Disk Capacity = Tracks * Sector Per Track * 512

floppy disk )
track
sector
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g ool 52355 5 I BB ESd Bybgd cail Vup 53 (Sl ESgd goais S ST 5 sl S Bk Sy Jgo b (shsle sl Jgord
2y ot as s Slass eyl g3lae5 Jols s Sl iy 39300 i 33 CKnd s g 392 el T g IS CSnd Syg0 oyl 3
ol s Sy e
N S laiSss 3 s codl LAAMB o3y ™YL JISo b 5 555 b s T20KB 5 sz plg S b 3.57 (sacSns
ey ool el Bibo g 3 As g 93 0 50 L)l dhas i cunl VA (gglune g 0392 ul29d (JS e 93 5l o > ey Sluss
Double-dinsity: Capacity =2 Side * 80 Tracks * 9 Sector_Per Track * 512 Byte Per_Sector = 720KB
High-dinsity: Capacity =2 Side * 80 Tracks * 18 Sector Per Track * 512 Byte Per Sector = 1.44MB

ol dmbio (3l ob Cots Suwd cul (Side 0, Side 1) 4 5 cusy dobiogd b aoio ) b cSud 18w Sawd U Lw

Sy oS o sl ol laan 31ass sl Sy cilises (sladsmio ) osls (ylss aSil gl 35500 a8 T pils S IS pn &y 5 Wl S L8 ob 55,

lol sl o poo cady slojled )3 ol b ol S empmngin Jled Xz )3 351 (93bj o> &) (lodly marlstey STy el S il (gla)ld (g5 2
b 5ls S5 3 oS 1) almodls il oy S ol 45T el Jg ail amil €8s 4 il s Jate o 4 s o8 O il 4 3550 sl L
D9 oo Wodly uled g pidel ;0 i el g WS o Bl |y o5b cS e w Lo LI pl g e iiee Glas (3 ojladier (slayld ) Wigd s

Hard Disk Capacity = Cylenders * Tracks * Sector Per Track * 512

BIOS 1 ,b 5l CSund 4 (ow giwd Y5

5l )ke gy ol A8 oo ol 1) CSnd 4w piwd @l 13H cassy

Function Task

00OH Reset

01H Read status

02H Read

03H Write

04H Verify

05H Format

08H Request format

09H Define drive type

16H Detect diskette change
17H Determine diskette format
18H Determine diskette format

Sl plo Sle3ls 5l G rimmed b5 o AH s )3 1) skl 35 coumdg col (Slgals 5l w OTH b 00610 )8 Comdg
allas. lyil odimdsisles wsils,S Candy ol cilisee yolio cusl o3l ¢, Lot sl axtls 1 Juie (Carry Flag) CF U ast AH 5 jaopé (s i

Hom|

00H: No error
01H: Illegal function number
02H: Address marking not found
03H: Attempt to write to write-prootected diskette
0,8 o e (Sla3ls 3 1y o leMbl O8H wb 1eSuangd oo yd g 00313 )5 £45
head )

double-density

high-density
cylender o

arm
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RegisterInformation
BL Drive type : 01H =5.25", 360KB
02H =5.25", 1.2MB
03H = 3.5, 720KB
04H = 3.5, 1.44MB
DH Max. number of sides (always 1 for 2 sides)
CH Max. number of tracks
CL Max. number of sectors
ES:DlI Pointer to DDPT (Disk Drive Parameter Table)

D500 518 ol )3 SKawd P8 a4 awsiwd sl BIOS jLsgg0 (sl yial b oS cowl  Jga> DDPT *

)‘ oleMb! u.)u|5> )I O AR (o YUSTS 9 ,\,SL;Q J)A.S L;L.B @Lu.w‘) )‘ o ]) ESas 2D 29 16H é;l: S I ‘)b.:’&? ‘,MW“~ oJ
SledMbl DOS wlg Jio 5L paw @l Conl (Ko Sy cpl e 53 5L 0dis (g cund &5 295 58 1L o)l (595 p g 5| Jd 9 cSaumd
2315,5 oy AH L3 3 1y 1) olie g ) cbgis 003 Lgnd ESausd €9y 2 1y S (8 cass FAT ) dng5 b Mo a8 Ol 3 1) e

00H: Drive not present

01H: Disk drive does not recognize diskette change
02H: Disk drive recognize diskette change

03H: Hard drive!

25 syelly 1l ygaie ol gl s 1y 15w iz lgice o] Slhd )b by S e ) ) ol O2H b ieSuuns (slouisy (yilgs
29 wal b
AL: No of sectores to be read
DL.: Drive specification value (0: A, 1:B, etc.)
DH: Side (0 or 1)
CL.: Sector number (1...N)
CH: Track number (1..N-1)
ES:BX: Address of buffer for the data to be read
ool &) Lot sl sy 1 o CF 515,58 o )8 AL )5 0 sl (sl slasi g 3950 03513,5 s AH 3 s cmiy 0y 8ls3 51 o
Sy by CSamd 59y 2 |y U5 A OlFe (SR L Se b gl osliel BB IS cpl (ol O3H b 1S d (slewidey (yinigi
29wl 5 laal)l Ll jelate ol
AL: No of sectores to be written
DL: Drive specification value (0: A, 1:B, etc.)
DH: Side (0 or 1)
CL: Sector number (1...N)
CH: Track number (1..N-1)
ES:BX: Address of buffer for the data to be written
ooy &y s il axily 1 jlude CF (31505 0 51,8 AL )3 o atdgs (closisn dlass g 295 g0 013,35 AH 3 s coumsg ooty 5
9 5k 52 29250 slaodls yolite ol (sl NS o ) G 3 |y S & modls > il O4H b 1C Sy (gl ol

¥ dlallio ggomme st gl Ky CRC 355 0 duslio oa b il "ORC 58 Sl kg o5 duslio o b (ol & o) cSasd g5y » ohd didys
K 153905 XOR wal col 4 ol 1y 180 13 39290 (slaodly gaen lgi o Jlio (sl ol 35 S )] (29,3 e g ol laodls 1l (6399 ol )b 45" ol

verifying )
Cyclic Redundancy Check
checksum
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9 slablie ggacme (gl D90 dulis o b 1) ol 93 cnl Gupw 5 31 Pl Suawd 59y 2 00 adyr Slaodly 59y 30 ) I (e 9 298 Jol> ol
S JUzT b g 0331 talas s o] Jools a5 conl Glalblis ggome (595 CRC cal iy olots boosls (50 (samslie | ol 93 s sauslie
ol dwle JB 55 l58lesu SKaS 4 g cl Gl o] Juols cglize slaodls (clp b
el 5 28 4 p3Y slagially g 29500 plosl OSH. gl Jls318 b 1, land (03,5 18) s i d

AL: Number of sectors in the track

BL: Number of the drive

CH: Number of the track

ES:BX: Pointer to format table, containing the following information:

Offset _Information

0: Track to be formatted

1: Side (0 or 1)

2: Number of sectors

3: Number of bytes in sector:
0: 128 bytes
1: 256 bytes
2: 512 bytes
3: 1024 bytes

BIOS &,b 5l Coow Susd & owyinnd F-F

s odlitsl B ot S b laid aiBy cpl wloy 5l goliws 4l 095 so o3l Coe Kand 4 iy ¢l 13H (gaidy il olen ]

5l a5ke wlgs ol
Function Task
00H Reset
01H Read status
02H Read
03H Write
04H Verify
05H Format
08H Check format
09H Adapt to foreign drives (not defined in BIOS)
0AH Extended Read
0OBH: Extended Write
OCH: Move read/write head
O0DH: Reset
10H: Drive ready
11H: Recalibrate drive
14H Controller diagnostic
15H Determine drive type

Cuw St d ' Olowwds O-F
295 plol Wb HS du s Saaws (,So0kel (¢l

03513)5 o )3 Comlio ‘ﬂ@lw CheeMe g b daisy g Loyl dayails 45 0ah S Laslejle jolate 4 Yuﬁbchw SeJE e

patritions )
low-level format
address marker
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Sge Srs soolitl BB Sleeisy Cusd I Sord b (o5 b o S J) e 035 D Sl e el
oy 50 o3zl IDE (gl JmS ol Laib 5 o380 5 3)50 SCSI o)z ol cancd g5 ol 5,5 o 5,3 oslicu

3y 393 SaS adoliys 5l Sy 53 b BIOS Yulats (gaeliy 5 boges (sl

3y90 Ju> 95 4 g 3950 plosl DOS FDISK (sasby SaSay I8 ol 395 so maad ¢ liionnd & Cous Sumd 5 1 Gpamdd @
Jole pramw cov 2Giga Byte | 58,5 cbSuss 5l g U ibaio (claodiils)S 4 5y Sand Ko a6l s .ol L5
eSS ey (FAT codgamo Jds a)ush asly wpwd 2GB jl L leessh S 4wl 08 DOS 1,5 5405 a3kl DOS
e iy ol 4 Linux o NT DOS ol gt do lojod (65l Min .cuw Sans So 59y » cilisee Jole (slooson
295 Lzl Jole i o B 3905 JUud |y lncond 51 plaS” y»

g0 plosl DOSFormat asb y jl solisl b 48 cusl Jgoxo (s30cdl flon H5 opl iKwgd (gauIE @

1. PRI DOS: Primary DOS partition (drive C:)
2. EXTDOS:  Extended DOS partition

2oL Z: 5Dl sl e oS cl Libate (goails)S (o3lun 4 (caneanis JB (extended) pod Coond

4 &S sl Sad Slowndi 3y90 )3 018 9 £93 s (Eg b Sid OleMbl ()l oo ¢ canl Yd.&;.gw..&' OIS St Sad b Cawsd sy
3 Sad &0 )y o )5 0000:7C00 i )5 g 240 00)b dladls 13 Gguals’ Ad gy pBin 13 iy oyl g oo aiS ¥ s Jos o
(2l 4wl )AL gonslhy 5

bl BB jise o oS 59 amlgs gxe ol 4 e |y AAH 5 S5H polas o] 37 <ol 93 j0 cobpundi isu 9,550 51 o BIOS 31
g go 0315 pylS 4 oS g Kumd (15 )5 plin Sygopl e )3 S e Iyal 1T (ol cobi 3l g ol saisSeg

sl azils 5 A gorih S ) e Ky fS 330y anl ol ity T oS igr b 0aiS )l seliyy o5l 0 LSy dacSagd 350
Dga oo 03 CSund argn play «ygopl jE ) g 0l [JENPRWY whal & Jyso DK.S"?J);L;Q )3 abadls y G55 (Sl )0 5 ol oilgs QTO ]

1S cleg g2y S o Lzl 1l odges g 1) 350, ol 5l b Jole wianw 457 Jlab Coond )3 3939 (s hispund LiSu Jgl Cali ;5 &5 (clasly
Jld cond 0 iso SS90 50 g0 1yl ceomd o) (LiSe opias) g s 0siiS g (asby il b 1195 o CoumSand Gl (glacond

a0 0303 045155 50 CSaund ol 18 play s auj.x.\;’sc;% L 2l

Partition 1‘
1 BEH .........
Sector Partition Table
¥
Boot Sector of C:
Drive C:
v
N Boot Sector of D:
Drive D:
v
A
v

setup )
partition sector
partition table
boot strap o
bootable
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sl g Oypo & Ologud Joda oy o jlislo

Address Contents Type

+00H Partition Status: 1 Byte

00H = Inactive
01H = Active (Boot-Partition)

+01H Read/write head, with which the partition begins 1Byte
+02H Sector and cylender, with which the partition begins 1 Word
+04H Partition type:

00H = Entry not allocated
01H = DOS with 12-bit-FAT (primary partition) 1 Byte
02H = XENIX
03H = XENIX
04H = DOS with 16-bit-FAT (primary partition)
05H = Extended DOS partition
06H = DOS-4.0 partition with more than 32MB
DBH = Concurrent DOS
**H = Other codes possible in combination with
other operations systems or special driver

software.
+05H Read/write head, with which the partition ends 1Byte
+06H Sector and cylender, with which the partition ends 1 Word
+08H Removal of first sector of the partition (boot-sector) 1 DWord

of partition sector in sectors.

+0CH Number of sectors in this partition 1 DWord

ol (caluogy dimd J1E Cuond goi Ak ol NetWare b Linux e Jole (cloosioms plo salovg cusl (Son a5 6,50 polie *¥
g0 033 inles Non-DOS lgie cos DOS FDisk

“Current | )l S oo FDISK (caslyy 15 1l &y50 ol )3 0l )13 5 s Sty S 3l e ol PC G ) 2
hagond a8 yn (31 3g) Anlgs pg3 Saawd Cuond it Dt g Snd gl Ceonid (st 1 g01513,5 wyguo ol p3 5,8 wlsl 1, Fixed-Disk”
b 50> slaciond oK sl o 40l G2 b o 9 Ngd g0 950 B jl o)) ilato (cloosiils )3 b pgd Sund (slotomsd ploo il anily 55 (6,503
A sl g0t He 5l pgd Sy ilate (sloodils
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(The Parallel Port)

doddo V-V

25 3525 (£lge 083 & gyl B9 A Nigdie Jog PC & (glse o510 30,k 51 oSyly s (olusg

«Silge o8 )3 I8l mane (524l ()

ROM-BIOS g Slssl,s o,k 51 (Y

DOS gl Gl gk 51 (¥

395 o3lel Mo dlas (gl @0 358 b Ol ol 3 @l () g S i DOS el &0 g ol S Coptn s ) Kol el 51

Sleigy b Juad cpl y3 gyl 51 aiS o dlul (63,8 sladsl y (gl 1) (oL CMSUie o ol g 99 oo @ad Ol gl el g oals \‘_;'»l)z{ wles dels
o oo WsT (gilge 05,0 Jlidlcctn maiims (c3y20b s g BIOS )b 5l (glge 05,0 a4y (wyiawd

BIOS g,b 51 g5l90 65 0 &y (o g Y-V

6 1y S sy g o e e 4 T Ols caily iy ol 4 logas 5 sl ond 03l olaidl gilge oy b b3yl gl d TH caids

G Sl yaise g 3505 Juaio o5 )0 pl & le5 0
PRN L LPTIL: ihie lgel cov 4 cuily (awyiwd ol o PC g Koo s5lg0 o3 5l 51 6 aw jiSlis 4 DOS Jole i cos
» LY his LPT3 L blze g 1 jase LPT2: b blie O jladie LPTI: L jblie b o5 )3 (so)las cpound (slp S o 5 05,5 dw o b a8 51>

2l )L DX wls
Function Task
00H Display (write or send) character
01H Initialize printer
02H Request printer status (read or receive character)

orailss Sl Cundy Col il ot Wb S ep AH Gls 1) Sl cundg Il | g 58 2l 5l plS o 5 le Cumidg
il ) SaCandg

Bit 0: Time out error

Bit 1: Unused

Bit 2: Unused

Bit 3: Transfer error

Bit 4: Printer online

Bit 5: Printer out of paper
Bit 6: Receive mode selected
Bit 7: Printer busy

Y Goluo V¥ Gy g Jlusyl o5y 4y oy agls VY eeve 5l peS” Sloj (090 S g0 ST sl agli o ST Vel Gilse o5 sy
D g0V (Gglue + Can g odkdl 5l “Time out error” (elas s cpl 4 g 395 0 00> Josudo ;50 g 95 oo

. )
critical error
print interrupt
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2 S (Sl 55 g AH wls po b (00H) &l (so)loss 23,5 0 )3 o3kl 3y90 yolaia oyl (sl O0H b sbodly Jlw,l b Gl &l
D dalgd Kl cansg ol g AH @ls ¢ Slgd s 5w 0,5 18 AL wls

5 i e 4yl moie |y Kol b oS, g 5 lssls ey Jlul £555 5l U5 ojlsen 3k O0H g 05,3 ool o3 ladke
Dy dalgd Kl Cunsy ol gols AH @l ( Jlgsl 3

Pl el ol S e AH 3 1) cumsy col g 3500 odlil pslate ool sl O3H o6 250l Camidyg (o) p2 Cawlsd )3 iU
ol o3lizl LB s g5 8L (ol JKul L C (slaaolys

&b 1y 1, bios_print 4 biosprint gl iy 4 QuickC 4 Borland C++ <o) LLols :C 5bj 13 BIOS milgs Jlgal,8
les,S oal3 BIOS glss 5l solical b 51,18

oSGl s @ 09 Jyu8 DOS cos olpl olbadly cton o ol slallas 45T (olp 0l gadBy Co o sl s g, u:.w,;
g 5 53905 S5 |y Sole Camdg S o Qly 5l U8 g ol e |y TTH (gaiBy ey pse Jlg) plgiee oS o 030zl BIOS @l 51 DOS g
2 Qo i (59 2 cawlio plin Sl (1395 o3l

O|93L§° 02H @U )'| LJ9 ol 045 u>|)lo 9> F)'|9J & PC )'| ool JL»J d\)g olf)a C)’..‘ 4>/§ ‘d)‘ye blf)b d?-)b }‘ sl Jl.w)l
o €8l & ol nodld Jlol (slp (148,085 o Codnind ol5 )3 (pl g 0390 3B sl et g Jg 3903 o3litul lemals iy (gl

3190 0 43 A palins o pwd Y-V
oal> 5,8 BIOS Sl yuiio (gaxlad (D g 0 lay BIOS buwg yomelS b (pibg)y pKin ) PC 2 0dd cuas (glge cleals )y (sleslis

1l w3 Sl Sl & Gl dedls > 4y (o s Sl pgiad b degslis (o)l I 258
Port Interface
3BCH-3BFH Parallel interface on MDA card
378H-37FH Parallel interface #1
278H-37FH Parallel interface #2

35t 3BCH-3BFH a5 5 4555 o) s 45 ckivgs 555 s5lgo ol 3 Sy s MDA Lapsh igrsg csleg) ¥
2 93980 wguio LPTL: & couss oS3 plgie 4 agd ail o> S BBCH-3BFH ;5 5155500 S oy 398 slowlits ™
JLPT3: s LPT2: 4y 0n lag ST ob (cmy (clalizs
09 g0 0,50 BIOS (gla o (caskad 13 ool oy (slogslis b a8 oS (¢ pshailon ¥
Address Contents

0040:0008H Base address of LPT1
0040:000AH Base address of LPT2
0040:000CH Base address of LPT3
0040:000EH Base address of LPT4

by LPTL: Glas 0,00 oy sl Moo ] oy o0 asedio sl (555 Joio allao 31 o1 (L5 1l 0L o83 1 &y (panyiwd (sl
Bgdie Jos ) ©ype & JBb
LPT1Addr := Mem[$0040:$0008];
Port[Lptl Addr] := XByte; I cob S Jloy
L JSsly 3 5 oS adad Jle sl )5 (o5 1) kel L (38 Jsin sloidy pdlie s b plgiee Rl D (S pudi
45 o agss |, LPT2: y LPTI:
DummyWord := Mem[$0040:$0008];
Mem[$0040:$0008] := Mem[$0040:3000A];
Mem[$0040:$000A] := DummyWord;
2,03 Sl w ol5)3 yn 15 3l90 88 )3 LS

wwyiwd JB 3T8H SLis 13 95,5 o y13 o 53 byl (el 0l g sl oyl coabs V b+ clozio g5l 3(Data Lines) y wls
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Silo 050 Y s

aol 3TOH (] Gl 5 conl Sl Cunsg el ool :(Printer Status) ¥ wbs e

ol 3TAH ) Sl g as o ol |y (w9 INT AACK ylas) Sl JyuS cldiew (Printer Control) ¥ el e
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)l ..\...))LS-A.QB9 U" é.)‘y ol 03liiuol J.JlB Jl))») olf).) uwyé\nb)) LS‘)’ BIOS 14H 54959 é.:ly LW wydwl;): ‘)49) » 05)1.&

Function 0: Passing protocol
(i o S8 ) @b ol g 03la)l3 AL s o 1) (b)) slajiall (g9l ol g Wgb oo comens SS90 (b)) (slayzel)ly @l cnl b

Bits 0-1: Data length:

10 =7 bits

11 = 8 bits
Bit 2: Number of stop bits:

0 =1 stop bit

1 = 2 stop bits
Bits 3-4: Parity check:

00 =None

01 =0dd

10 = Even
Bits 5-7: Baud rate:

000 =110 baud
001 = 150 baud
010 =300 baud
011 = 600 baud
100 = 1200 baud
101 = 2400 baud
110 = 4800 baud
111 = 9600 baud

Function 1: Transmit character
AH 130 jlaie 51 &b Sledls 5l e 9 03l 51,8 AH 33 jlaie g AL ;5 wb iShIS 08 e Jloyl 1y g8 G olgse @b ol b
Sloo BLAH 1 e wil oabs &) olad 315 conl oad Jlo,yl (a3 03> widly
Function 2: Receive character
ol 3 695 35 gols AH wygoipl e )3 9 sl 03lis &y ollad asb AH=0 515450 célyp AL @l 3 5S1)5 587 jlude
Function 3: Line/Modem Status

oleMbl Jobs Line Status b3S . » AL ,» 1, Modem Status 3 AH ,» 1, Line Status | Line Control «ls cleMb
il 5 oMbl Jols Modem Status s ozg (o, 5 ibsi CapealS Jsbo pulai) (b)) sla ol l

Bit 0: (Delta) Modem ready to send Bit 4: Modem ready to send
Bit 1: (Delta) Modem is on Bit 5: Modem is on
Bit 2: (Delta) Telephone is ringing Bit 6: Telephone is ringing

Bit 3: (Delta) Connection to receiver modemBit 7: Connection to receiver modem

3l ol &y Cumsg )0 gy ST gy 00 A Cundy ) b )BT 5l i 3,5 asuie (lp g Miwas YU+l LSS Y B closo
ol 03,8 pois ¢ L8 B o T 15 e oS Conl (dme cpl b ksl azily V Hlade ¥ oyl Con (ST Jlte (gl Ngd e V blie sl
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(Mouse Programming)

doddo V-9

(LoLdd J&MJ iy 6’19-’ L)”l Cawl 0l 4._9).:.\: L)“’?L‘ A (o ywd ‘5‘): d))IAJL.»JI ul9"° 4 ¢L)»9Ln dl).: u&l.ws)_im L5<\lm)9.4 X W u_‘));.o Q—"}’
6 ;> MOUSE. DRV cackyy cani stluwss 45 85,5 oo 513 Hkis] o 33H oaidy B 5 i Y osle ysilyd b usle (syljdlpy Ll
Sgd e palp DOS Lol g cos MOUSE.COM ¥ aliils 53 e g0l cl,»! L CONFIG.SYS

o9l Sleige lules T-4

gl Slesle a3 e inled |y T mgle SlaiglS cimsle (s l3Ble s Loy (gead g 3 S on Sy |y usle oS (alaasliy 5

16 o 53 L eyt cllo 43 Los lSe S5 .l 3o 905 5 srgbley ylS 4 taly (ST o 3 48 sl taled B KBS 5 e s g3 15
amio jl dai a0 Les ol ialed glp )b 8 Lging cabibls 3 a5 e e aasel Cursor Mask 5 Screen Mask o 345 0 asuie
alols Hlude 35,5 XOR Ly g cdbai ol )3 duaseiio 5 ST (conisS jaseiio cob 93 Jlade b S.ML b g3 jlude 9,5 AND L Lo o856 JSo « yiales
25 ok 4 oo )13 Ll )3 esle slaigle Ltales sl |y lisee (Sloabnl gy onl il Sty Al lon 53 (o5 seon g s C.ML L

]
ol iz 5 deas S5y TS | dad Mo o pols ) b ols ST K, @
()l galals ) 39250 LTSS, L ol S S, @

S 4 &S Syao opl b ePlg OHlS \‘w;\u Al ool b g (gyli8lecu Chae a4 (o)l gabad > g0 SIS Sy s @
48 XOR FFH L 1) K55 ol o am 038 5a0 1) Y slog 9V 1) S5y o slogin <5, B ol (loyd ogiig

5 08 ol (5)le (5 a3 S5) culs e b yolate ul sl )38l g @ ole el 3 3290 SIS s @
D9 g0 ool gl ygalyd (calliwgy SIS pl g ansg abatis ey 9,8 XOR

i 03wl B Y oY 3)lae (sl 5 (oS askad

Procedure ShowCursor2(row, col : Byte);
var
ChAtt, CursorShape : Word;
begin
ChAtt := Mem[$B800:(row * 160 + col * 2)];
CursorShape := CharAtt AND $FF00 ; {FFOOH is the S.M. }
CursorShape := CursorShape XOR $0018H; { 0018H is the C.M. and 18H is ASCII code of “T*}
Mem[$B800:(row * 160 + col * 2)] := CursorShape; { mouse cursor = ‘T°: yellow over black }
end;

Procedure ShowCursor4(row, col : Byte);

var
ChAtt, CursorShape : Word;

begin
ChAtt := Mem[$B800:(row * 160 + col * 2)]; { ‘A’: yellow over black }
CursorShape := CharAtt AND $FFFF ; {FFFFH is the S.M. }

mouse driver

TSR
mouse cursor
inverse mode

~ -t € -



Y-9 osle (pugidolyy A i
CursorShape := CursorShape XOR $FFO0H; { FFOOH: to inverse the attribute }
Mem[$B800:(row * 160 + col * 2)] := CursorShape; { mouse cursor = ‘A’: white over blue }

end;

ovgle CBd (g pS05Il aaly -4

o Yoo B3 s Loand clogle sl gyl o 53 badlai ol gonimd igles 5 s se o3kl Lugle B3 (5,Sojlul (gl ) Sm 25l

Function

] dantly wolo jaulyd g5 o o) andl wiS o Sl 1y (See ¥er CBd b i (slowogle Lol wingy (S b gl 5o

o9l saddy plyi ¥4
| 25 L;Lol @‘y Lgl)h 33H Lgé.éé's

Task

00H:
O1H:
02H:
03H:
07H & 08H:

10H:

1DH:
OFH:
0AH:

03H:

Function 0CH:

Reset mouse drivers

Display mouse cursor

Remove(hide) mouse cursor

Move mouse cursor

Set range of movement (axiw > Gogle €S> (god9a50)
Exclusion area (wssle (sles 5o Lisles pae (god9400)
Set display page

Set cursor speed

Set cursor shape: passing S.M. & C.M. and selecting the method for updating the
mouse cursor: - Software Specific or Hardware Specific

- Polling or Interrupt
Get cursor position/button status

Set event handler

D05 Jloy) ysi3 4 900 )13 VISR (S 53 lgise |y 395 plonl (6)5 s dndeSs (135 5 ywsle (31 €8 > 4 dngs by 4y

Function 18H:

Install alternate event handler

S ISR 5 ggiasliys b g b ol b olgiies |y mogle (I8 sloadS 5l (B0 L (08> (95 b (2,5 8 o i) aglo sloolis) S 5

oy 5 395 o0 S5 yie 093] (S 53 Lsle sloiylSe 3 CS 5 Cind WIS 55,5 L Mo 3gad 315 emsle ysaly &

COM2 |, COMI ks ¢ Jl s (slol8 > 51 (S 42 ogle 2 55 1) ) el Sl 055 3yl 51 sl 2wl oailiamme (sunns gidali

1 s <l s Mickey Mouse 05508 ) ow <Mickey )
Interrupt Service Routine



Celw omgidolipw g ow pwd 1)) Jad
(Accessing and Programming the Real-time Clock)

08H (sad8g U yboj (g mSo5l01 Y-V

2L 18.2 Loy b o JUSiw SOOYS 1 oy S o il > JUSw «* 3l5)) Wgo 51 5L 1,193,180 asls y» > (Intel 8254) b sasl s

sy ol 90 al cailly ol sy Jloy 5 45 oo Jiie CPU oy 1y ailly o) Sty J S 05 o Jld |y O8H (g l58lccin caidy adly ol gl
il 3 g ol g YV it SO Sl cpl amd o Siol38l ) casl BIOS (clapiie 935 &5 1) (time counter) ploj sly (5 jles o caddy

295 m3ylaie (RTC) K3 o sl (galiwgs b wsd joboas aSOT Ko ol oo (cadgl Jlada (glyl> s 05 (pdg,
23,8 duls |y sl g 42ds doasl jl g daasl flo so cloj Kb jloss oyl
seconds = time_counter /18.2

2 9 360 00 ploul 0aS,F g bt o e o3l Ly HIS cpl A4S el Saawd (g0u5I3 S Hgige 3,5 Lbgels O8H (cassy s S
JICH Saiy g Jlgy coole clls o uiS o Sl 8, 1CH (g4ddy O8H iy Sl plsl 5l 29 e plol HI oyl JA3H sy L bl
w3 plol (6,503 oy B 3ga5 ynged | 4By ] (giise s el Tt Joallygirs o Jabis Lu

1AH a8y L by padaid Y-))

Function Task

00H Get clock (32-bit time counter)
01H Set clock

02H Get current time (HH:MM:SS.PP)
03H Set current time (HH:MM:SS.PP)
04H Get current date (CCYY/MM/DD)
05H Set current date (CCYY/MM/DD)
06H Set alarm time*

07H Reset alarm time

Iy ool plin iy ol Gugyw Jlo) s b olgie g 2980 Jud 4AH caiy oloj o 3 & ()l 55 ) cawl Sl @larm time *
gl d)}j-“-}. ) e o555 (05 L L g ob il aio g9y 0

S yd sl Yo

S el oyl g 03 TESEE (gnals s hgels b g a8 o, (6 5b b g 3yl 3939 s 4 AT sl sgnals’ ;5 (RTC) S oo sl
15,k oS s RTC (clels g 55 ctlsblo gl sl s yioos 6 TFH b TOH 615, 3 31 5 )0 bl ol 64 48 3, RAM 55 51 eladls

31

Register Meaning

00H Current second
01H Alarm second
02H Current minute

quartz crystal )
interrupt controller



03H Alarm minute

04H Current hour

05H Alarm hour

06H Day of week (1=Sunday, ...)
07H Number of day

08H Month

09H Year

0AH Clock status register A
0BH Clock status register B
0CH Clock status register C
0DH Clock status register D
32H Century (19 or 20)

g o adgl o e RTC loj polie 51 ookl b cylo; ;5 jlosd jlaie ol (b yidg (sliil 5

] aladls 4y oyt Ailed dosls () Ay (ow s (b,

il gl sl
mov al, mem_loc ; jasuie o)les b ols G ulss
out 70h, al ; msg o5y
in al, 71h ; ;ulg o5,
ol p3 by gl

mov al, mem loc
out 70h, al
mov al, new_content

out 71h, al



abdls W S VY Juad
(Memory Expansion)

doddo V-VY

sl 256KB yslas L 128KB L 64KB &y (bPC 5 55 5bj b clisls 640KB 15 ae PC st 45 1A Lo 5>
251 iy Singge sllibls il pils b )3 o8 1S o Sl |, aliils 640KB 11 4 59 005 shb olbjls iz sl on DOS azzils
ol o o3l ()l PC galadls (oo S (V1Y) S5 53 el o)l

LIM 3,k gllas dlibls Ly 9 PC abails g S V)Y S5

Segment
Address Main Memory EMS Memory
FFFF
£000 BIOS
DSOO DCOO CNAC A\AL ~A
D400 DOOO IVIO ' VVITIUVUVY
ROM Extentions
C000
B0 Video RAM
EGANVGA Video RAM 16K Pages
A000
Working
RAM
or
Conventional
Memory
0000

ooy eyl 48 PC M5y Lol 5,8 )5 laalsyy (soolitl 290 g5 oo ool (salils lyicsy aliils ;| 640KB L JS ) gilas
Jole piaw ot ol 23,5 o walyd 1) dadls IMB I o 45 (awjiwd 5l 3L L 80286 (claosslsyy (s (odm (pass sl sgusls 09 8086
b S5l 48 o il 5o ak5jlay 5 45 oo ) botigoy cpl Y oedly <l )3 DOS 48 cnl iyl yal gl o s s bt bl elsdls isle DOS

real mode )



ot 5 395 0 walyd ordclitbee cdls 3 IMB I i a3 lis ol S ool IMB I i Slgses coul 8086 s ilis s,
S o oo oijlay clls ol p3 35l 1 dlasls TMB 5l i 40wy (Ulgs o Unix L Windows ylas el

545,k wge S ol 99 45 53,5 &) il sgea8” [Sito S (sl Liilieo clado ol DOS ol pianpus v

Vsl 5y salals ()
Vsl oy (galasls (¥
Ol 5 i pilinne dpaladls o5 pldy awyiwd g LB oo i3l CollKe din U1y badolyy (saluwgy odlatwl B galadls lie Lgy ol
3l Conl jls 4o jsbody gy 90 oyl Sglds .l adoliyy > oY
S g 0313 b yed TMB I i ) 9 oo aly ey 3y90 Menio 45 iS5 b dlasls 30 gy o) b calibls 640K B
Jos pilime &5 SuSS b abisls ylie g cowl Yo 4 80286 (slaosijlyy (ol (sloygmels o (3lsl calasls a8l oy galidls @
b o by IMB 5l i a0 sl a5l (gosibedisle clls )3 23503

Gl 5 g galidls Y-V

ledoly o) 4y plaE] il ydgie St 5 Asle (sl ey 391 390 640KB 4y PC/XT (el gigueols )5 T lute (galails
crl 9 Bgyme &8 1 dw Anles odlazwl ] 5 wlgn XT 5 PC ela yiguols )5 ladslip b 253905 DOS Jole g v oslitul b8 caladls 3938 ¢l
Sl ol 53503 (Byme ol gl (clools Conss g 5l a8 3 a8 LIM pb L 1) 63,155kl a5 Microsoft o Intel Lotus ;| w54 o )le aine;
DS oS sl geladle oSl b legrle 39 Ll PC galabls 4 O 528 )8 o S, j) s pSone b aliils SMB b & 1n3_o ojls]
15 IMB j; PC o lis (clss 5 lol ealiils o) 5 64KB L (il Jlon s oloj yo 55 5 4128l 41,5 S ol sy izl cudyls 16KB
abblowy gdadls | abbls gg oyl D9 g0 aiS ? aomino B S, o 4 g cwl obiwd JBDOS Jole piuw cos 9 EOOOH 5 DOOOH o395
wis YEMS sl assl, O yS cabbls (chly &5 atw 4 Canl Siglise o3 3939 IMB e glis gbas 5l 5V 9 YU 4 AT (o gguels 5 o
Dgd s

dbls g0y o 5l gy ol 3 S e oalisul BLSI saladls &y (s yiwd (glp ASTL ugas sl 4 ielas iS5 Sy I LIM 3 kil
sobods 5l 39 o odlitl aly byS il 16MB (Sl 4wy oy EMS Window sba; EO00H & DOOH (cosgas 5
PIS b b s oS (18l 4l o ytnd o SO b domheo By loj st 3 b i e &S o alible (godgamma S 50 |y oyt g 43S o 1S bl b S5lS5
13 gy M5 o s (V-VY) S5 > « DCOOH 5 DSOOH DA00H DOOOH (slolis > aoxio ¥ gyue 55 5 <ol 16MB
el loj )3 (g ytund BByt 4Bl 58 galails ilo g o3 laasliy

Video BIOS e (galabls 3935 péy Je IMB asjlis clas 3 64KB Jilis DOS cou taladls ooy S 40,5 35U
SL 3 ooy ol Logos ld,8 eoliu] &dl by (calibls &y o yiwd gly 03550 () ) EMS lalb sile o o3kl g0 o )lge o L RAM
o 3l 13 IMB s slis clad )3 oy ol g 3L w2 (6,500 by 0 &5 smd o ojlel EMS jlilesun bl 0,8 0 1,5 DOOOH  casbs
ol (895 | (S0l ) g > BB gy selabls wSlen awl 0bj o3l sledollygind (saluss:

axho oz 4 oloj 8 )3 &5 Am3 o o]l Gugiasliyy 4 5 Sl 04 s I6KB (gamiio ¥ oy amivo U5 2a0xbio OB (gl
o ool &8 les Glssl ) o133 3590 cilxis a8 simd o o5l uwgideliys 4 EMIS (closls by asly (oo ytasd adly b yind (gabasls )3 ciglize
ol g Mg o 155 8088 23U (glad > Slio ol bl ol g sl (awyiwd B a3 y50 Slxius b K9 0 wabas EMS i boles
Lol Sl G298 S plon

protected mode )
expanded memory
extended memory
conventional memory
expansion card
page frame
Expanded Memory System
bank switching 4
map



ool Cilie oS 1o el EBMS (cls)l5 ay o piod gl 63,1kl Lawly 5 1355 (EMM) Vsl 328 cabasls o i bawly o] & &8 wns e
.A;s@
Slod g bg) et b |y allany (galibls & o yiod cha 4 380 (glaiguelS’ (55, » QEMM3B6 Ll EMM (cla)liéle 5 5l (52
Hlodges palyp EMS ounilSe b g ably 5 2l caladls
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00H:  No error

01H: RAM parity error

02H:  GDT defective at function call

03H:  Protected mode could not be properly initialized
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Physical Address (20 bits) = Segment Address * 16 + Offset Address
example: 0040H:0020H = 0040H * 10H + 0020H = 00420H
and 0000H:0420H = 0000H * 10H + 0420H = 00420H
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ol asls Sl g
FOOOOH * 10H + FFFFH = FFFFFH
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HMA Sy IS gogou Y-VY IS

Extended
' FFFF:FFFF Memory
HMA FFFF:0010
FFFF:000F
or ROM-BIOS

FO0O:FFFF
Addressable
in real-mode

Conventional and under
Memory DOS
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address overflow
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(1024K-1088K) HMA 4 wyw> ®

g o g9y 1088K Iy o5 (Extended Memory Block) EMB k> e

g oo ol XM & oy (56l 1024K 15 640K -y las s EMS wlie (Upper Memory Block) UMB e
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AX =4300H
INT 2FH
ol 015 sl 5,5 g sl 0 i 0aiih 5 sl AL = 80H 31 o551
XMS xilgs
Function Task
00H Determine XMS driver version
01H Allocate High Memory Area (HMA)
02H Free High Memory Area (HMA)
03H Globally enable address line A20
04H Globally disable address line A20
05H Locally enable address line A20
06H Locally disable address line A20
07H Query status of address line A20
08H Query free extended memory
09H Allocate Extended Memory Block (EMB)
0AH Free allocated Extended Memory Block (EMB)
0BH Move Extended Memory Block (EMB)
0CH Lock Extended Memory Block (EMB)
O0DH Unlock Extended Memory Block (EMB)
OEH Get EMB handle information
OFH Resize Extended Memory Block (EMB)
10H Allocate Upper Memory Block (UMB)
11H Free allocated Upper Memory Block (UMB)
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(Internal Structure of DOS)
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CON: Keyboard and display
PRN: Printer
AUX: Serial interface

CLOCK:  Clock
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attribute
device drivers
DOS kernel
command processor
DOS prompt
initialization part
resident part
critical error handler
checksu;
transient part :
internal commands
VY
external commands
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(COM and EXE Programs)
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Code
Code, DS:0000—>
Data, and
Stack < 64K
SS:SP Data
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SS:FFFF
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ES:FFFF
CS:FFFF Stack
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3y90 5 39800 0355 1 ) sleoul b LLelS Lawgs age Ml &S 53 3g3g ¥ gks] ys EXE L clazl ;3 W3 ol & 5905 eeas |, EXE L5
ol dny gamio Joso lae EXE L sol s B 5,5 0 )3 (ABH (g0 )leis LEXEC ol jlos 48) by (go0is8 )b (sodlinl

Address | Contents Type
00H EXE program identifier (SA4DH or “MZ”) 1 word
02H File length MOD 512 1 word
04H File length DIV 512 1 word
06H Number of segment addresses for passing 1 word
08H Header size in paragraph 1 word
0AH Minimum number of paragraphs needed 1 word
0CH Maximum number of paragraphs needed 1 word
0EH Stack segment displacement 1 word
10H SP register contents when program starts 1 word
12H Checksum based on EXE file header 1 word
14H IP register contents when program starts 1 word
16H Start of code segment in EXE file 1 word
18H Relocation table address in EXE file 1 word
1AH Overlay number 1 word
1CH Buffer memory 7?

?77H Address of passing segment addresses (relocation table) 77

?77H Program code, data and stack segment 7?7

EXE J:lﬁ ,\..{l).w )'l |) AAU){ )L.: d)90 L;A.Béb Ol}fr" ay’sgo oo L'j dO)l.g P L dl.@(l.aé » « EXEC ég[? OLuz: lﬂ ‘u»b do,\;:f)l.g
) g pusas b EXE by a5 (clashad (cloilis o8 conl Joso “Telocation table” .cul (cob VS)BISLL wloly oo opl 259l o0 cnsts
..—\;5‘—;0 ’W. H

memory image )
relative addresses
header
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SleMbl gols g 3,5 o0 51,5 dlabls > asliyp 05 5l L a5 Conl (b YOF kbl S g cal ol 13 CP/M ole gt slo)B3L 5| PSP

6 olmasl s 13 U toll cpl 358 o )8 lumgidalyy (go0liol 350 &S el el (sl oyl sus ¢ SleMbl Lol puiomads cnl ol bausgs dsbiyy e

PSP jl jagiachys by sily as] sloaolys 5o Lol g o 000 5118 (g pml oo (sl yiito 3 g 00 ouilss JLLals bawsgs cisd oo atdys Y s sledls b

bi 4 bgpe cleMbl oS dian 31 ald 65 daald o iege 9 Siud olizwlD o (claakd el &S wad o L |, PSP jsle 5 Jodo 59 oles
s B ptally loa b 4ol le 3

Address | Contents Type
00H Interrupt 20H call 2 bytes
02H Segment address of memory allocated for program 1 word
04H Reserved 1 byte
05H Interrupt 21H call 5 bytes
0AH Copy of interrupt vector 23H 2 words
0EH Copy of interrupt vector 23H 2 words
12H Copy of interrupt vector 23H 2 words
16H Reserved 22 bytes
2CH Segment address of environment block 1 word
2EH Reserved 46 bytes
SCH FCB 1 16 bytes
6CH FCB 2 16 bytes
80H Number of characters in command line 1 byte
81H Command line (CR-LF) 127 bytes
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(Character Input and Output from DOS)

doddo Y-IA

Wigd e
CPIM b s sl 5 1
Unix sl i alie gly (¥
S o o3li] dly (shaseie lgis 4 a3 gojlod Ky oS Vs K nSiny &ls

oS oo Cuduo milgi 09)5 90y 3y50 )0 sl

Y &wd @lgﬁ' YA

5 3kl pils) 5l S diod pb 51 S o e 1) dliusy eod pU L g i oslid LB T oS ilog b ob 5 LB L oo gy
KB S Cgate Ml o 03l blo o & Lgryo ceisd b gl 5 )3 5 9on pbl oy ol (535 (2aSms3909 Bl 25 soas 4Bl
A8l oad 5l g ol (o5
CON: Keyboard and display
PRN: Printer

AUX: Serial interface
NUL: Imaginary device (nothing happens on access)

s 00 AL g )10 0gg JuB I F U - sbaoyles b 598 0 lae (gl dtiod B g oo £g b doliy S (B

Handle Purpose
0 Standard input (CON/ keyboard)

1 Standard output (CON/ display)

2 Standard output for error messages (CON)
3 Standard serial interface (AUX)

4 Standard printer (PRN)

handle )
handle functions
character devices
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Wralsg 4y (o pawd Bilg8
1. Function 40H of INT 21H: (Send/write data) alwwg 4 831> Jlw,!

AH = 40H

BH = handle

CX = number of characters

DS:DX = offset and segment of data

2. Function 3FH of INT 21H: (Receive/read data) alwws 3l 231> <db >

AH = 3FH

BH = handle

CX = number of characters

DS:DX = offset and segment of data

3. Function 3DH of INT 21H: (Open) alwg 43,5 3L

AH =3DH
AL =0:read 1: write 2: read/write
DS:DX = address of device name (nul-terminated) string

4. Function 3EH of INT 21H: (Close) aluwg ‘s

AH =3EH
BX = handle

CPIM glgs Y-VA
&g Juypw buly g oKl S amio «ilosamin cly g 1515 atwd 4 il g s CP/M ole i alio 5 039 (b i ol
W) 39 (oliore
DB coyue g ylamsl e llanl b calises (gl yqods Al dmans 51 ST uiles (ol 08H 9 07H 0O6H O1H &y EKWLIPT PR
0AH &b b5 850 JB 1, 38 amio 3l OCH gl 15,5 oy |, 348 aomio 13l 55 layS1IS slas OBH g sizs osliz
lgs (6399 51y ALy S g0
it o3bizl B 35l mgss 5 4ty inles sl OOH b g 1S inles el O2H g 2 pialod diivr @

sl o3bizal LB glge Loy plos b oSils 5 551 K o ol OSH b 2,50l o

s oMl B by bawly 4 03l Jloy) (slys O4H ml 5 o0l il )s (61 O3H b :JU yw il @
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(File Management in DOS)

aoslo V-4

oyl 3l g WS o wald b oo sln 1y (ol @ly U VL g (il ool (Bl Il Bl copie sl (g5 SIS o>
etls walgd 5 s g b GBS s giese doliny il 03 b & Sl el igde i (b lsh 5| hgiasby

2IH saidy gl 952 ool Jolo g o5 295 oalid L6 13 (2555 9 il i (2,5 L Bl bl gl (onlgs 1k B oo sl
&ls) Unix L 55k 5 (FCB #lg) CP/M L J55ls il 4 55 o bl coppto sl 8108 (2g,8(539y9 ko sl 03505 wnl)3 1) il ol

w25y s0 gl 4 dald) ) a8 313 dgmg > (\wa

FCB &l ¥-14

e 3 5T il obej 55 i 3y9e 53 i 3y50 Sledbl ks YFCB [lisls 4y ites 5 dieds CP/M ol i b 55k algs o)

L ¢l (Sl pedlidis Jlislo 5 FCB aisl 4l asliy > 1) FCB (gosls laisbo 1l uwgiasly 9 18 o oolimul Ll ;1 uls « x5l 1,8 FCB

1 B oMbl &y g g ] o yiaod el sl )3 FOB 3gag ol 23505 by syiand (6l Cumygd (slghlh & (gise Lo gy ol U 1) g g
il 5 SleMbl 2Bl ggls 9 039 ol YV FCB oals (jlasl 3950 08 5 0505 5 ¢)loj gu,6

Address Contents Size
+00H Device name(0: A, 1:B ...) 1 byte
+01H File name 8 bytes
+09H File mode (extention) 3 bytes
+0CH Current block number 1 word
+0EH Data record size 1 word
+10H File size 2 words
+14H Modification date 1 word

+16H Modification time 1 word
+18H Reserved 1 word
+20H Current data record number 1 byte
+21H Data record no. for random access 2 words

o3> 41,3 DS:ST j5 1 o6 aS” L1 G 4 1, FCB b g o Jloyl 009 0,83 aaldl j3 a5 29H ol & ES:DI s zo; ,» FCB i

S (oo basye 9 00
551 45,)ke FCB g Lol

Function Purpose

OFH: Open file

10H: Close file

13H: Delete file

14H: Sequential read

15H: Sequential write

16H: Create file

17H: Rename file

1AH: Set DTA* address

21H: Random read (of record)
22H: Random write (of record)
23H: Determine file size

24H: Set record number for random access

handle function )
File Control Block
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Y-34
27H: Random read
28H: Random write
29H: Enter file name into FCB

odlazul (o3 i DTA (gls 4 b 0gd asuie ‘DTA lye 555, el 3L G wb ol 128 51 58,5 5,65, by clebls (ol *

g

dwd palys Y14

PS5k dBse > R o i) 4 )b s op UNIX Jole s )3 & Gl ogpie (lod 9 05 (Byme pogie ol ciny 4 2.0 (585 b o
bl 4 g e gn ) |, FCB plg JSite 9 355 o0 51,8 ookl 3y90 (san clels,l (gl 45 345 0 08515,5 5 (o328 (g0l SO)atwd S )
Dybise Sty 5 Wbl (ol pedlude U Lo g 3905 Ly (o ytund Lo 0 53 29290

GBI slo Bl > o 285k 5 ey B g il ]y SleMbl ol s s 40l 53 FCB (go3ls ol (5)10855 siajls b9, o]
oS w903 asuio FILES y20 L CONFIG.SYS (5 oy o 1y 5b (slobld sl )l 3939 codgiaome bbls 53,550 53 s opl 4 a8 o (605 295

115b YOO Wl o S las

S oo ) bl b o g 3yl (2936399 plg) L o b (Bpme LB i 3 & sl gl

FILES=n

Function Purpose

3CH: Create file

3DH: Open file

3EH: Close file

42H: Move file pointer/determine file size

43H: Read/write file attribute

56H: Rename file

57H/00H: Read write modification and date/time of file
57H/01H: Read write modification and date/time of file
SAH: Create temporary file

5BH: Create new file

5CH/00H: Release protected file range

SCH: Extended open function

Disk Transfer Area )
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(Accessing DOS Directory)

doddo V-V

o 4 g0 byme DOS 2.0 5 a5 bl olpeabodis )il s YLl comminn 5 Cunygd b 00,58 sl o &g jl golas
3,5 3l 1) Ve 08 €850 Lo 5 3903 puds (late 508 (oo 8 & ) Spd (lsigo alios

root directory

COMMAND.COM AUTOEXEC.BAT COMPILERS

BorlandC BPascal

a0 0590 5 @ali 1S o gt Loy CJ)WA{\GLQ;.M))@)?J A ey B> 4D

21H (aisy 39H &b ol loyd Laee ;5 MDD oy Joleo & 63959 33,8 abLa] ()
21H (caadg 3AH ab 1 by jloys bame ;5 RD loys Jsles ¢(63959 (13,8 il (¥
21H (saiy 3BH gl 1ols loyp bame 3 CD o Jolee syl G s (¥
21H (gaisy OEH mb : ol ooy bae 3 Ci b A Joleo <058 i 92lyd Saagd pois (¥

GRS Cawypd (639)9 VO ledbl ( iy b )3 g dgu 00 03D Lamast ddyy Cunpd 4 ¥V U cluidy «Siwd 2 (0,5 Cuoyd age 5o
a5 3)90 ) Jl p2 )3 g Canl dliie (Jyg0 4 b St S 3j90 53 905 (IS BB Ve S plgi e dda) Canpid S9) 2 o ol @ 29d e
Wyt (63959 yi 5D (3905 odliul lgiwyad SleMbl 3 cly g o Norton DIisKEdit (gasly ) 5)b 3909 Cudgiome din, Covyd p bl

2,03 3929 lehld 3,90 53 2 3)lge jelas Sl
Name(8 char) Ext(3 char) Attribute(1 byte) Date Time ... First Cluster of File in FAT
oo 28125 2590 3 g 9o Cale) 5 o1 2 WL (sl 398 18l lod g 90 ()RS S (59 12 BB Sy s o il

a5 150 Ll laws 3y90 53 dgae

295 pascio DL @5 53 b Jis90 gly3 )5 o 1y )l Cenytd” JolS poano 5 cenl () 6355 b5 53k 61 4TH s

DL=0 : Current directory
DL=1 : A:
DL=2 : B:
DL=3 : C:

kil (goime Y-Ve

213 2929 LB (sormivne (gl b diod 9

directory )
file search
directory tree
subdirectory .
entry
full path
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(FindNext) gun il ¢l 12H b o (FindFirst) b cpeass ol ¢l 1TH o6 : FCB glgs (A

daseia lyieds Sali Sy wunpd ($2939 2 B sil @ dpe plodl (K TXT) T8 o 3 5 o] Naasio bl b (sl g2
sl ) O)ygods bl sdasuin glgl 505 o )8 duslio D)0 goxiwe )3 45 D) g9

Bit Attribute Meaning if set

0 Read-Only File is Read-Only

1 Hidden File is hidden (invisible to DIR command)
2 System File is part of operating system

3 Volume label ~ Entry is volume label and not a file

4 Subdirectory Entry is subdirectory and not a file

5 Archive Entry is archive

6 Reserved Reserved for later implementation

7 Reserved Reserved for later implementation

S5 Syl uaw o FINAFIIst gl Slosl 3 casis )3 juo (ol DIR jgums 593 03l ylai 3560 (clebils (cauaseiio 1L b (s 5
g o 03l olis Non-Hidden (glozujod g bbolé (g /H Jio) L) clagiow y9 DIR gz )3 sl (CF=1) a3 & 300, 5 FindNext

245 iy ol 4 el Lot 08 5 bl daseiie ol (o 3 ealial wond odlizul Tlebls SYsb pb gilussly sl WIN9S5 j3 o8 L, *
BB sl S e ly cwl g5y ghasie L K> gledgys 0 pb gasbl 5 ool gaasie b pb Gl LiSu (9dgys  (pmiwsd
gy dalss 5 s b5 sl PCSystemProgramming. TXT

1st entry with normal attribute: PCSyst 1.TXT
2nd entry with reserved attribute: emProgra.---
3rd entry with reserved attribute: mming.---

attribute )
wildcard
long file name
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(RAM Management)

oD il Co pae V-YY

‘\41#0 broaslh 3 ilon wisl aslh H,8 albdls )d asliy cpiin Cuwl (Sas Gloj 2 50 sl dadls o pie ¢ Jole pume @by I (S

ol abisls o pie cou S sl atily J35 ,Sosen (sodlitul 3)g0 (alabls )3 L5 Jg S o )5 0b b a5 (e,,l8 cladelys g TSR slaaals

5 3 50 0313 [anass Ay S 4 dadls 5l ol S ond astie B 5l g0l b dladls S'el S (anass gy b @b Sl eslatel p cunl e
Dgr aalg5s 1503 cladalip b by lod buwgs Lanass BB wgis sl 6,500 ol buwg 45 Sl b

3l A5)ke bbbl o pie milgs

Function Purpose

48H Allocate memory

49H Free memory

4AH Change size of a memory block

58H Read/set memory management model

2l Qb 5l g g w0300 papass dlable aolyy (sl 48H b Jlss1s L clals ) oasliyy 9,5k sl EXCC gl (sabiwsy o b 255

5 395 9y5y dbsls IS .COM (cladalip (cly )l (Siww asbiy g5 4 odd 0305 janass (gdadls Hlade .48 o 351 15T 49H &b Slssl s b aoliy

oS galadls )50 EXE cloaclyy oy dol .ilo salsso oIl clalasls 45,8 ayles o151 ) abadls ailo iyl ayly aadly azsls 5l alasls JS 4y asliyy assls

2Ty )3 0ad Lasube gojlul 4 wlgs EXec 31 .cul oni jasuin EXE bl anlyw 13 45 conl (o)hiie plod g oo 03> jarass EXEC b buwg

ogMe 1S o3 |21 1y 4ol 9 o3> "Program too big to fit in memory" |, "Insufficent memory” pliy wad jauass dasls EXE |6
ipd Ganass dbbls b jebds AGIg 0w ladol p 345 wbd o yarass bdaly ¢l EXEC a5 gldadls

ol s ony s eladls s elyy S oS o o0litl pmrgiasliyy (sl YU s b e 31 51 48H @il U alibls awass

099y b asbip 33 g 03> janass dbbls g e asuie EXE Ll auliw 15 a8 Gl 3590 olime 4 1l )3 5 a0 odlizwl heap jlisbe G 51 YU daw

5 ol i o odlizwl heap (caladls cpl 5l gy (caladls ynmass 4 b cljgind 5 didd o (anass aalp 4 [l (ol wlgy ) s (sabibls oo

BX ol 5 alibls Soly sl 1 ol ol Sssh sl ms plosl 48H b 51 eslital L 1, alidle. apass upgiasyy b eslia] b5 slodaliy

AX ol wuSib o il (64KB gaabed ) TTTIH Sl g (cob V) TH Johs 015 o 5 ol (ol VE)BLSIL Loluly 45 04 asuie

5 AX:0000 (go3g05e 5 0k 03l anass Ssh dgd Culys > dabls BILILL Ky )51 Mo sl 0 0313 apass galasls Syl s SLis gols
2gr aalgs AX:000F

BX ;> (16*64KB) OFFFFH e 3505 odlitul 48H &b slan 5l olgi e yskaie ol (slp 2ot pianrd B galidla yl5m0 comntd
15,35 oy 1y 15T (clodl315L olaws BX )5 camd anass abals Jlade opl 85 od ol (9o gl 50 9 Sloly3 A8H L 5 00 03l 1,3

sy bl Aju‘w Ol Siie «S'oly (g0l 0508 (gl dad o o 1) 0dd 0db Lamass L85l Sely S (gojlnil Bb ) 4AH CJU
Sygo oyl 3 il sl dgvg Lilil el Conl Sen bl osd 0313 jamass sl y plo lawgs wlils caobl cal (Koo aSST > 4 o] Liol8l
D o 01,8 5 iuliel LB ol BX els » 5 Cuol Lo go8g SLiS a5 00 CF=1

5 15,k sl gl 3905 mebass @b ol b lgioss |y 2eladle yapass cilisks (sla g5l 52l 58H ails
First Fit: Use first memory block large enough
Best Fit: Use smallest memory block large enough
Last Fit: Use high part of last usable memory block

. . \
device drivers
allocation strategy
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o 4 DOS 5.0 Ll g Bjleie (galabls 640K & dga00 by o (amass aasky 4 48H b 5 kil s DOS 5.0 5,5 6

390 48wl (glodgizme lod cpl 3905 walyd (Upper Memory Block) UMB e couv |, IMB 4 640KB (yy (galisls anass Sl

51 oolizl 56l b bl 005 cuns EMM386.EXE Jio (clasliy b jolaio ol sl o EMS page frame o 0,50 )8 EMS coslizul

Lolo 3 opl g ©yguo p> 23k 43,5 51,5 DOS=HIGH, UMB g0 CONFIG.SYS ;5 5L jslate opl (sl woles palyd 039050 oyl p3 1, XM

3 oolil b aebiys 3gr cuds gy 0 S b ol o cuns HIMEMLSYS x XMS (couih 5 &5 a8 0 Ko ols CONFIG.SYS s

i 4 aoclis g cudls salys  Siwn UMBS 30 sl 4y oyl andl 5905l UMB 5 1) sl )55 o LOADHIGH L DEVICEHIGH 3
A5 anlgs b B)laie (calabls )3 aolip cils o1 dlasls UMBS ;5 5L5 3440

UMB ;! sslew! Y-YY

sl 5San 48H nbi Jlgsls L LCONFIG.SYS s UMB i Jld @0 5 5 (Jgese galabls o pio )3 UMBS 1 ealizal ¢l
ylio by Cosl UMB o 05,5 5 Sl aSil Laseis lp il Blaie sabadls g3 aSST L 4 08513)5 5 cosl UMBS 455 oS dladls Soly
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Subfunction Description

00H Read memory model
01H Set memory model
02H Query UMB status

03H Set UMB status
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(The Exec Function)
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g Jinlgs o3 COMMAND.COM & s Ll & oS

| COMMAND.COM | Parentl
wuf)b BP dl)?l :

BP
e | | Child1 = Parent2
Sl DOS Shell

| COMMAND.COM |

Chlde = Parent3
cuiSil NC 4l
| NC

| Chit13

8 9 ol gl bl Y-TY
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2l [ ADH gl o (98 S el o ol (gasby al wdly 3y (8 5 ol (g4l o I ) el sz 3 )8 Ll g Wb S oy

ool s gonmalis AH=T Jlaie 5 conl S oale o35 ol AHZO0 Logas ool o5 sauliyy o5 Condy sonmnlis AH jluie & ayles Slg3]
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loader

parent program
child program

file pointer

normal termination
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COM (cloasliys Ll oS Tal ) o3 cloaaliys wlgi o sl S1jT 3 g0l &y aladls 4S50 o asl EXE g5 51 Lo casliyy 51
isles 31 1y gy cclmalails 49H lss 1 b M 4T 10 i 1al 1y (6% sl g ailgi sos S o Jiil 1y aladls JS oo

ol Jw,l sleigy Y-TY

D) 392 o8 4 ol (gasby ) el Jlo)l sl (b9 4

Sl @
Tae Soly @
PSP o

295 Jlo)l o 4 p5Y sla ol b uL ABH L Exec o Slgsl) 51 s
AH =4BH
AL=0or3 (0: File is executable, 3: File is overlay)
DS:DX = Address of .EXE or .COM program name(null-terminalted string)
ES:BX = Address of parameter block

3905 312 “/C7 el ly b, COMMAND.COM b g 3905 Slsl% b9y ool b olpiees |, BAT e
Exec(“COMMAND.COM?”, “/C PROG.BAT”)
Jlo)l Exec g & ESIBX )5 sil)ly Sob ol 3905 Jlol 058 saabiy @ jiallb Sob ol ol |y byioll el Soly
il pj Gygodr yielly Sob lisle 258

Field Addr. Contents

0-1 Segment address of Environment Block
2-3 Offset address of command parameter
4-5 Segment address of command parameter

6-7 Offset address of first FCB

8-9 Segment address of first FCB
10-11  Offset address of second FCB
12-14  Segment address of second FCB

Al

ol yho Tawe 1 93905 o0 £y Vi LSl ddien (g3 )l (WS Sl 4 il ) als ¥

y9ed b g sl 5 950 gyl g ol 4ty gy 58S gl o sy Lausme Soly 11y SleMbl dadoliy il g oyloyd Kibjla s tlausre Saly
0l 32K w1y o yiSTus g 390 wabsis 151 )5 0 DOSSET

Name = parameter
3555 oo 3,3 40l PSP 80H Tue 55 45 S o yasitio |y loyd yial)ly LS ¥ 5 ¥ (glaald *

D Mb)g d‘*‘” FCB d:b]aé 9 L\a.a Lghz‘;ibfzj P NETLE sale *

EXEC iy F-YY

5 ST 15 el b LLelS &S 3950 plol oMbl 4 g b 45 ol EXE (sloasliyy ¥ il sl ilis o EXEC an S
e s TP moliie b IS ol 5 o35 o sl Iy asliy bS5l ] SP 5 SS AP (CS as e 50 45 ol o0l 5,5 O lols g caand o EXE
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Borland Pascal: DOS Unit

procedure Exec(Path, CmdLine : String);

Borland C: <process.h>

exec... functions:
Enable your program to load and run other files (child processes)

Declaration:
int execl (char *path, char *arg0, ..., NULL);
int execle (char *path, char *arg0, ..., NULL, char **env);
int execlp (char *path, char *arg0, ...);
int execlpe(char *path, char *arg0, ..., NULL, char **env);

spawn... functions:

Enable your programs to run other files (child processes). spawn...
functions return control to your program when the child processes finish.

Declaration:
int spawnl (int mode, char *path, char *arg0, ..., NULL);
int spawnle (int mode, char *path, char *arg0, ..., NULL, char *envp[]);
int spawnlp (int mode, char *path, char *arg0, ..., NULL);
int spawnlpe(int mode, char *path, char *arg0, ..., NULL, char *envp[]);

system:
Issues a DOS command
Declaration:

int system(const char *command);

entry address )
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sl ol Lawgs aliwy cuai (sl 5 SleMbl Jolis ¢ 3)5 3909 DD o clal > :Device header o

Address Contents Type

00H Offset address of next driver 1 word
02H Segment address of next driver 1 word
04H Device attribute 1 word
06H Offset address of strategy routine 1 word
08H Offset address of interrupt routine 1 word
0AH Driver name(for CDD) or Number of device(for BDD) 8 bytes

Slgdls w@idy Jlgy ! 5l B g oash S plg Slgslyd plin 5 b buwg DD cadgl o jlaie Iy :Strategy routine e
Dgud 0
iyl Jlgy 5 o g 990 plonil ] lawgs 0aii 3 wly s )3 g ol @olie aidy Jgene sledly, L :INtErrupt routine e

S9di Sl
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5l 4zl 3gng o )ki] sbas Wlgie i (650 @l (el s sl IS5 v Ll S e lie |, DONE flag £, 5 wsl JB gain )b
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Function O0H: Driver initialization
Jdlecus sadsl (ad)lds(V) er oyl jslaie (pl (gl 5 MS o adsl 23,lada |, DD 5 0dd (Sledld by bwgs 0l 5 cuns pKn
A3 o plogl |y aaidy Laei(Y) DD I8l (sls pize (sasl (o3 ,laie(Y)
29583959 &) b ICH 5 01H g s 015 oo (25 ylsie Jlgy el osals YU JolS jsbots oy DD s yloj 3 a5 bl )
Sl L DD iig oSl pas Lol s ol g S Jlssla 1, (Get/Set Int. Vect) 35H 3 25H gl 5 ooy (5,55 ) 30H &5 o 51,
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Function 01H: Media check
S oo oy |y ey (agx FD 590 55 diges (glps g 313 3,0, BDD | i
Function 02H: Build BIOSParameter Block (BPB)

Jolis SleMbl ol 505 o 51,3 o 33 g 4 o yid gl BIOS 5lis g0 cleMbl a8 18 o dloul Jgdo 5 g 315 3,08 BDD L Las
ol FAT Jolis )3, Jlis g Media Descriptor Byte

Function 03H: 1/O control read

attribute 3 VF cu S o yume |y (3,8 (gaaly 4 alog 5 SleMbl Jl g 03905 pis Kl ) w3p)5 g DD 0 puiiins bl
29 wyiwd JB (IOCTL) 21H (casdy 44H ol 5 )b 5l s alowg b w4 180 1 4 1L word

Function 04H: Read
A3 o )y g g 03l o Ui 48 3L Ky 53 g ol aluwg 11, Laodl g 3,5 5,18 BDD | lais
Function 05H: Non-destructive read
ol 0l BB OAH b b ab ol sdome Slsh3 b g 3,15 ey oy 13 51 15T Jg colgs g 511, 0315 43,05 3,5, CDD L Lasd
Function 06H: Input status
g5 54 CDD S (63959 3L )3 03l 392 o3lel a5 (51
Function 07H: Flush input buffers
(Wi Bl claalS” Jie)o32) 0 990 5l 13 39290 slaosls g S oo JB 1, CDD S (039, sl 3L

Function 08H: Write
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Function 09H: Write with verify
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Function 0AH: Output status
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Function 0BH: Flush output buffers
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Function 0CH: 1/O control write
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Function ODH: Open
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Function OEH: Device close
g 4 (295 oyl )3 39250 claodly (K58 JUil g galiwy S i
Function OFH: Removable media
(FD plai)uis oo J S 151 (09 (g5 b5 g 30 )8 BDD 5,50 55
Function 10H: Output until busy
S (oo Jiie alewg 4 3L jloais Jordie g oS Sloj B, el
Function 11H: Get logical device
L cuol double-density ] cuys o5 55 o oy FD 5y50 53 Mo and o cawy |y aliwog 3590 53 ibate leMb 5 39y 0 S BDD L
high-density
Function 12H: Set logical device
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Address Contents Type

+00H Number of days since Jan. 1, 1980 1 word
+02H Minutes 1 byte
+03H Hours 1 byte
+04H Hundredth of seconds 1 byte
+05H Seconds 1 byte
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DEVICE=HITACHI.SYS /D:CDR1
5 45555lan Ll 393 e o5lolid giusw & CDR1 pb L CDD ] 5 450 cami |, HITACHI cils CD-ROM g,y o5 o5
i35 1211, 'MSCDEX (sasliys sl yglaia nl (sl pail 42805 s o] & HD poly S o 5 (ol oo 51 o8 a3 on o 3 e 485
MSCDEX.EXE /D:CDRI1 /V /M:8 /L:E
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Microsoft CD Extension )
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(DOS File System)

pols B 4 5 03905 Iy g sid poly clsie o Vogsl (g3l pily 4 Ll S oS3 Sl el Yooy Sl e el b6 ot
ol (ehls conslys o pgly 2 DOS 3.3 51 Ls el Di g Cr wsen cbhSiuns 9 B g Al dgiiand (gl o5 S o guuio > By K 1o
B s 32MB Lilais pgly 03l 4y VL cad o b oo (sloSand eyl j.03L 32MB Sl Jolee

Sglis b3 le b pde (slmodlsojlul baid g 3,15 Siws o cud )b lime 5 (99 Sawd b cSud 4 45 w0dgy (ol ilaio 3 le clyls polg ya

ol o 531305 Va5 ) Cayid S sl s oy 52 23905 gt Tpgly oz 60 S0 plyicen poly o 0 oty aalys

Cppons o ool (ilate i (soled Sy 5 5l ol VY iy e b iady ik sy K2 |y ply o b Dlguiy

29 g0 posl HDDD by (58 40 (ilaie loeiso Jods JI g 395 o0 P\?dl;&ﬁw S donwg (sloosisly S bawgs JI5 opl 9 )85 sy (S5

Jote sl 5l ygaie cpl gl g 1S oo Gilate (SlautBe 4 oyt & L5 |y BB 4 i debl Cope (lp o oly (FAT

S n o Mmoo g0, 5 aold] 53 &S 39 o ool FAT L Yibls arass
il 25 Oty 05l (glwe s pilg) el il 10l (6o s D 05lg) HUS L

Sector 0: Manufacturer’s name, device drivers, boot routine
First FAT

One or more copies of FAT

Root directory with volume label names

Data for files directories

29 o0 dbul Format leyd bawg 568 )l b

woxS g clllyy ools it ol 45T Syee pd g Canl o Lisu S )l pody g ol xS g isu Ghe Lisw :BOOL Sector

ol yj SIS
Address Contents Type

00H Jump to boot routine (E9xx or EBxx90) 3 bytes
03H Manufacturer’s name and version no. 8 bytes
0BH Bytes per sector 1 word

\

volume v

mass storage devices v

partitioning ¢

volume label name o

sectors

HD device drivers v

File Allocation Table A

bootable



0DH Sector per cluster 1 byte
OEH Number of reserved sectors 1 word
10H Number of FATs 1 byte
11H Number of enteries in root directory 1 word
13H Number of sectors in volume 1 byte
I5H Media descriptor 1 byte
16H Number of sectors per FAT 1 word
18H Sectors per track 1 word
1AH Number of read/writes heads 1 word
ICH Number of hidden sectors 1 word
1EH-1FFH Boot routine 483 bytes

b 9 Jol & ol (normal jump) EBxx90 |, (short jump) EBXX )] 58 a8 casl by Joallygiuss 5 0340 ol ald sl
weoy gaaly (go83jlo pU cpgd b 13 5,5 o 48 pow col P NOP b K Jodlygiws 8 EBXX jl g Jol <l )3 g sl (bdws (o090 § ol
2535 o )3 opé g PCTools L MS L

FAT y-vs

b jblie wusl Word &G b cwls 8 FAT \dﬁs)ﬁ 2 B (61855 ol bl G latsu 4 bape cleMbl oS cul (¢ le

0l 5 88 e e |y oM 3 Loy i o it 5 ODH Slis sl ob yo ity s olaws Jobs & ol ¥ s asly by ¥ j2adls
asb 8L4 2] Ly s

Device Sectors per cluster
Single sided FD 1
Double sided FD 2
AT HD 4
XT HD 8

D9 48y 3l 55 6y yolie b 3ZMB | 55550 claegly 0590 )3 9 Mt g0 598 olie &y Canyd sloaoliyy 358 Jsi wf)de Js

395 potde 4 DOS 4.0 )5 L cpl 4 905 pasuie 0V FAT L1y S5 clangdy lgs s o b g 0392 3950 65536 4 b yroMS” sl 15

b 32MB (sleegly sl &5 gad paseto |y gyt et a5 Gl S 52 ) i cnl 4 g @9 (os8 S (slate 4SO gy s 00l 3
el ) Oy90a 2GB

Volume cluster sizes of DOS 4.0

Volume size: 128M  256M 520M 1GB 2G
Cluster size: 2K 4K 8K 16K 32K
Sectors per cluster: 4 8 16 32 64

Skl sl & Syg0 ) el (ul 5 358 A (3L GAaSl @ ( Soo Skl sl o 95 o0 el S a3 eSSl (b 8L
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000H 0000H Cluster is available
FFOH-FF6H FFFOH-FFF6H Reserved cluster
FF7H FFF7H Cluster damaged, not used
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00H File name 8 bytes
08H File extention 3 bytes
0BH File attribute 1 byte
0CH Reserved 10 bytes
16H Time of loast update 1 word
18H Date of loast update 1 word
1AH First cluster of file 1 word
1CH File size 2 words
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Code  Meaning
00H Last directory entry
05H First character of file name has ASCII code ESH
2EH File applies to current directory (?!)
ESH File is deleted
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Bit Meaning
0 1=Write-Protected (or Read-Only)
1 1=Hidden
2 1=System file
3 1=Volume name
4 1=Subdirectory
5 1=Archive
6 Reserved
7 Reserved
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Keyboard
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* . return to main program
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0
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A
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procedure NewISRn(...); Interrupt;
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var OIdISRn : procedure;
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OIdISRn := GetIntVec (n);
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SetIntVec(NewISRn, n);
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Keep(0);
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void interrupt NewISRn();
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void interrupt (¥*OldISRn)();
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OIdISRn = getvect(n);
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setvect(NewISRn, n);
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keep(0, ProgSize);
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/ INT 02H
/ 1. Mux-handler
AH=xx
function? yes > execute function
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I Z. Mux-handler
AH=yy
function? yes > execute function
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Original Mux-handler
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DOS Program Mux Code
Print 01H
Assign 06H
Share 10H
ANSI.SYS 1AH
GRAFTABL BOH
HIMEM.SYS 43H
DOSKEY 48H
DBLSPACE.BIN 4AH
KeyB ADH
Append B7H
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