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MOV AH,0

INT 16h

MOV scan_temp,AH
MOV inp_char,AL
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/* dem_keyl.c - demostrate use of int 16h, AH = 0 */

#include <stdio.h>

void main(void)
{

unsigned int scan code;

char scan_temp, inp_char;

printf("\nPress ESC to exit program\n"});

do {

printf("Press any key (almost)\n:");

asm |
MOV AH, O
INT 1léh

MOV scan_ temp, AH

MOV inp_ char,AL

}

wy wE Wa s

/*
7%
/*
/*

BIOS read char from buffer option */

BIQOS read char from buffer
Transfer scan code to program
Transfer char to program

scan code = (unsgigned int) scan temp;

if {(scan_code == 1)

printf ("You pressed ESC,

printf("You pressed

" gcan code

} while(! (scan_code ==

} /* main */

\n");

key assigned”

= %d, char_wvalue= ’‘%c’\n",

1));

scan code,

inp char);

*/
*/
*/

E:\>dem_keyl

Press ESC to exit program
Press any key {(almost)
:You pressed key assigned
Press any key {almost)
:You pressed key assigned
Press any key {almost)
:You pressed key assigned
Press any key {almost)
:You pressed key assigned
Press any key {almost)
:You pressed key assigned
Press any key (almost)
:You pressed key assigned
Press any key (almost)
:You pressed key asgsigned
Press any key (almost})
:You pressed key assigned
Press any key (almost)

: You pressed ESC,

scan

scan

scan

scan

scan

scarn

scan

scan

code

code

code

code

code

code

code

code

You pressed key assigned scan code

E:\>

1,

10,
10,
18,
19,
59,
84,
68,

93,

char value=
char_ value=
char value=
char value=
char value=
char_value=
char_value=

char_ value=

char value= *
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/* dem_key5.c - demostrate use of int 16h, ARH = 2,
#include <stdio.h>

typedef struct status_byte

{
unsigned int right shift key : 1;
unsigned int left_shift key : 1:;
unsigned int ctrl_key : 1;
unsigned int alt _key : 1;
unsigned int scroll lock on : 1;
unsgigned int num lock on : 1;
unsigned int caps_lock on : 1;
unsigned int insert_mode_on : 1;

} STATUS BYTE:

typedef struct aux_ byte

{
unsigned int unused : 3;
unsigned int hold on : 1; /* ctrl-num lock */
unasigned int scroll_lock depressed : 1;
unsigned int num lock_depressed : 1;
unsigned int caps_lock_depressed : 1;
unsigned int insert_key depressed : 1l;

} AUX BYTE;

void main{void)
{

STATUS_BYTE sbyte, sbytel;
char *p, *pl:
AUX BYTE abyte;

asm {
MOV AH, 2
INT léh

LTI T}

including aux byte.

/* BIOS read keyboard status option */
/* BIOS read keyboard status */

MOV BYTE PTR sbyte,AL ; /* Transfer char to program */

PUSH ES
MOV AX,0
MOV ES,AX /* ES = 0 */

*/

MOV AL,ES:[418h] /* read phisical locations 417h, 418h */

MOV BYTE PTR abyte,AL
MOV AL,ES:[417h]

MOV BYTE PTR sbytel,AL
POP ES

}

p = (char *)} &sbyte;
Pl = (char *} &sbytel;

printf("\n sbyte = %d, sbytel = %d\n", (int) *p, (int) *pl);



printf {"\nKeyboard status:\n\n"};
printf{"Right shift: %d,\nLeft shift: %4, \nCtrl key: %d, \nAlt key: %d,\n",
{unsigned int) sbyte.right_shift_ key,
{unsigned int) sbyte.left_ shift key.
{unsigned int) sbyte.ctrl key,
(unsigned int) sbhyte.alt_key):

printf("Scroll lock on: %d,\nNum lock on: %d,"
"\nCaps Lock on: %d,\nInsert mode: %d4",
(unsigned int) sbyte.scroll_ lock_on,
(unsigned int) sbyte.num lock_on,
{unsigned int) shbyte.caps_ lock_on,
{unsigned int) sbyte.insert_mode_on);
putchar{’\n’);

printf ("\nAuxilary byte:\n\n"};
printf ("Hold on: %d, \nScroll lock dep: %d,\nNum lock dep: %4,"
"\nCaps Lock dep: %d,\nInsert key dep: %d",
(unsigned int) abyte.hold_cn,
{unsigned int) abyte.scroll_lock_depressed,
{ungigned int) abyte.num_ lock depressed,
(unsigned int) abyte.caps_lock depressed,
{unsigned int) abyte.insert_key depressed);
putchar(‘\n’);

} /* main */

E:\>DEM_KEY5
sbyte = 97, sbytel = 97
Reyboard status:

Right shift: 1,
Left shift: 0,
Ctrl key: 0,

Alt key: 0,

Screll lock on: 0O,
Num lock on: 1,
Caps Lock on: 1,
Insert mode: 0

Auxilary byte:

Hold on: 0,

Scroll lock dep: 1,
Num lock dep: 1,
Caps Lock dep: 0,
Insert key dep: 0

E:\>
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Timer PROC FAR

; PUSHF
CALL DWORD PTR Timer Offs
iNC Counter
;RET

Timer ENDP

.Timer Offs »anx 7°» x¥n3 Timer_Seg-w n727y7 NR Y¥am 73X (KD
7997 5y %5 ,NIpUDD WIncma M3 RIT YIUH 1I00KY TIpT wINAL3 wIntwn
.7 0% awor 1omn CS Yo

70%39 Y5 n2vnon xon 35 7y (4*8 = ) 32 novabioar nawnow b ww
niTpen LIV-2 8 9pon

MOV AX,ES:[32]
MOV Timer Offs
MOV AX,ES:[34]
MOV Timer Seg,AX

NYTIPON IPIRY NTIIPHR 0397 v qwmwn niTIps on
CLI
MOV WORD PTR ES:[32],0FFSET Timer
MOV ES:[34],CS

STI
nROP¥ID vAX XD .TpvoBa Pabcun nacwatd Timer 72O nytap on

937 ,VIPAD YIKN NI DUR¥MI mysleep-t Timer-w ¥y1v° vaxw 173990
.0°T9D3 BY¥3Pa %7 BA DR 1153 A7973 1%0 RAW



/* testslpl.c - test mysleep */
ffinclude <stdio.h>
extern void mysleep({ int secs };
void main()
{
int n=20;
printf("Before mysleep (%d):\n", n);
mysleep(n);
printf("After mysleep{%d):\n", n);

} /* main */

C:\tenmp>tce -ml -r- testslpl.c mysleepl.asm

Turbo C++ Version 3.00 Copyright (¢) 1992 Borland Internatiocnal
testslpl.c:

mysleepl.asm:

Turbo Assembler Version 3.1 Copyright (c) 1988, 1992 Borland
International

Assenmbling file: mysleepl.ASM

Error messages: None
Warning messgages: None
Pasces: 1

Remaining memory: 390k

Turbo Link Version 5.0 Copyright (¢) 1992 Borland International
Available memory 4107872

C:\temp>testslpl

Before mysleep(20):

After mysleep(20):

C:\temp>

; mysleepl.asm - demonstrate Interrupt service routine
.MODEL LARGE
.STACK 100h

- DATA
clsz DD 182065
Cl00 DD 10000
i
.CODE
.386

Timer Offs DW 0
Timer Seg DW 0
Counter Dw 0

My Ctrl-Break ISR

[ = LTI TR

imer PROC FAR

-

PUSHP
CALL DWORD PTR Timer Qffs
INC Counter

Return:
IRET

~

r

Timer ENDP



- we

_mysleap PROC FAR
PUBLIC _mysleep
PUSH BP
MOV BP,SP
PUSH ES

e

MOV AX,0
MOV ES,AX

e Wa

e

MOV AX,ES:[32] ; Praserve original ISR pointers
MOV Timer Offs,AX

MOV AX,ES:[34]

MOV Timer_ Seg,AX

r

¢ Change Timer pointers

CLI

MOV WORD PTR ES:[32],0FFSET Timer
MOV ES:[34],CS

STI

MOV AX,DS

MOV ES,AX

-

W Wi

XOR EAX,EAX
MOV AX, [BP+6]
; Compute AX

Retrieve secs parameter
secs * 18B.2065 to convert to ticks

I~

MUL Cl182 :

DIV Cl1l00

MOV Counter,0 ; Init counter
Delayl:

CMP AX,Counter ; wait n secs
JA Delayl
H
; Return to caller
Raestore old Timer

s WA

L1

MOV AX,0

MOV ES,AX

MOV AX,Timer Offs F
CLI

MOV ES:[32],AX

MOV AX,Timer Seg b3
MOV ES:[34],AX

STI

L1}

POP ES

POP BP

RET ; raturn to caller
ENDP _mysleep

END
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PROGRAMMER'S GUIDE TO THE IBM PC AND PS/2

Although the ROM BIOS services for the keyboard are not as numerous or as
complicated as those for the display screen {Chapter 9) and for diskette
drives {Chapter 10}, the ROM BI0S keyboard services are important enough
to warrant their own chapter. All other ROM BIOS services are gathered
together in Chapter 12. :

&

H
P
i
1

P o e Lk e
T ——

Accessing the Keyboard Services

The keyboard services are invoked with interrupt 16H (decimal 22). As with
all other ROM BIOS services, the keyboard services are selected according to
the value in register AH. Figure (11 lists the ROM BIOS keyboard services.

T

T T

Service Description

: ‘ 00H Read Next Kcyﬁonrd Character.

: : 01 Report Whether Character Ready.
! : 02H Get Shift Status.

‘ U5H - Set Typematic Rate and Delay,

! 05H Keyboard Write.

] 10H Extended Keyboard Read.

; l1H Ger Extended Keysiroke Status.

I2H Get Extended Shift Sta:q.s.

'Figure 11-1. The ROM BIOS keyboard services.

Service 00H (decimal 6): Read Next Keyboard Character

Service 00H (decimal 0) reports the next keyboard input character. If a char-
acter is ready in the ROM BIOS keyboard buffer, it is reported immediately. .
If not, the service waits until one is ready. As described on page 134, each
keyboard character is reported as a pair of bytes, which we call the main
and auxiliary bytes. The main byte, returned in AL, is either 0 for special
characters (such as the function keys) or else an ASCII code for ordinary
ASCII characters. The auxiliary byte, returned in AH, is either the character
ID for special characters or the standard PC-keyboard scan code thar iden-
tifies which key was pressed.
If no character is waiting in the keyboard buffer when service 00H is
called, the service waits — essentially freezing the program that called it—
until a character does appear. The service we’ll discuss next allows a pro-

gram w test for keyboard input without the risk of suspending program
execution.
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Contrary 10 what some versions of the /BM PC Technical Reference.
Manual suggest. services 00H and 01H apply 1o both ordinary ASCII charac-
ters and special characters. such as function keys.

Service 01H (decimal 1): Report Whether Character Ready

Service 0IH (decimal 1} reporis whether a keyboard input character is

- ready. This is a sneak-preview or look-ahead operation: Even though the
character is reported, it remains in the keyboard input buffer of the ROM
BIOS until it is removed by service 00H. The zero flag (ZF) is used as the sig-
nal: 1 indicates no input is ready; ¢ indicates a characier is réady. Take care
not to be confused by the apparent reversal of the flag values— 1 means no
and 0 means yes. in this instance. When a character is ready (ZF = 0}, it is
reported in AL and AH. just as it is with service 00H.

This service is particularly useful for two commeonly performed pro-
gram operations. One is resr-and-go. where a program checks for keyboard
action but nec{is 0 con[inue_; running if there is none. Usually, this is done 1o
allow an ongoing process 1O be interrupted.by a keystroke. The other com-
mon operation is clearing the keyboard buffer. Programs can generally
allow users to tvpe ahead, entering commands in advance; however. in
some operations (for example, at safety-check points, such as “‘OK to
end?”’) this practice can be unwise. In these circumstances, programs need
to be able to flush the keyboard buffer. clearing it of any input. The key-
board buffer is flushed by using services 00 and OIH, as this program
outline demonstrates:

g

mp{

R e s
s

N

[PESA- e e S ey it

call service OIH to test whether a charactar is available in the
keyboard buffer
WHILE (ZF = @)

BEGIN

call service O0W to remove chaeracter from keyboard buffer

call service GIH to test for anather character '

END -

Contrary to what some technical reference manuals suggest, services
00H and 01H apply to both crdinary ASCII characters and special characters.
such as function keys.

S Lt

Service 02H (decimal 2): Get Shift Status
Service 02H {decimal 2) reports the shift status in register AL. The shift
status is taken bit by bit from the first keyboard status byte, which is kept at




PROGR AMMER'S GUIDE TO THE IBM PC AND PS/2

Meaning .

....... : Insert state: | = active
...... Capsl ock: I = active
..... NumLock: [ = acrive
..... ScrollLock: 1 = active
I'= Al pressed

1 = Crrl pressed
...... X. 1 = Left Shift pressed
....... X ! = Right Shift pressed

Figure 11-2. The keyboard status bits returned o register AL using keyboard service 02H.

memory location 0040:00174. Figure 11
(See page |
0040:0018H.)

Generally, service 02H and the status bit information are not par-
ticularly useful. If you plan o do some fancy keyboard programming, how-
ever, they can come in handy. You'll frequently see them uséd in programs
that do unconventional things, such as differentiating between the left and
right Shift keys. - '

-2 describes the settings of each bit.
37 for information about the other keyboard status byte a

Service 03H (decimal 3): Set Typematic Rate and Delay

Service 03H (decimal 3) was introduced with the PCjr, but has been sup-
ported in both the PC/AT (in ROM BIOS versions dated 14/15/85 and later) and
in all Ps/2s. It lets you adjust the rate at which the keyboard’s typematic
function operates; that is, the rate at which a keystroke repeats automati-
cally while you hold down a key. This service also lets you to adjust the
fypematic delay (the amount of time you can hold down a key before the
typematic repeat function takes effect). :
To use this service, call interrupt 16H with AH = 03H, and AL
BL must contain a value between O0H and !FH {decimal 31) that
the desired typematic rate (Figure 11-3). The value in BH specifies
matic delay (Figure 11-4). The defauit typematic rate for the PC/AT is 10

characters per second; for PS/2s it I8 10.9 characters per second. The default
delay for both the PC/AT and PS/2s is 300 ms. ’

= (Q5H.
indicates
the type-
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00H = 30.0 OBH =10.9 I6H=43

01H=267 0CH =10.0 17H =4.0

02H = 24.0 0DH =9.2 18H=3.7

03H=218 OEH =386 1SH =3.3 i
04H = 20.0 OFH=8.0 1AH =30 f
05H=185 I0H=75 IBH=2.7 |
06H = 17.1 [H =67 ICH=25

07H = 16.0 1ZH=60 IDH=123 E .
08H = 15.0 13H=33 IEH=2.1 '
0SH = 13.3 14H =50 IFH =2.0
0AH=1290 . I5H=458 20H through FFH - Reserved

Figure 11-3, Viulues for regisier BL in kevboard service O03H. The rates shown are in .
characters per second. =~ . ) i e

" 00H = 250
01H = 500 N
02H = 750 '
03H =11000 )
04H through FFH - Reserved

Figure 11-3. Values for register BH in keyboard service 03H. The delay vatues shown are
in milliseconds. ' '

Service 05H (decimal 5): Keyboard Write

Service 05H (decimal 5) is handy because it lets vou store keystroke data in

the keyboard buffer as if a key were pressed. You must supply an ASCII

code in register CL and a keyboard scan code in CH. The ROM BIOS places

these codes into the keyboard buffer foliowing any keystroke data that may

already be present there. . 3
Service 05H lets a program process input as if it were typed at the . Q :

keyboard. For example, if you call service 05H with the following datz, the :

result is the same as if the keys R-U-N-Enter were pressed:

CH =~ 13H, CL = 52H, call service 05H {the R key)
€H = 16H, €L ~ 55H, call service O5H (the U key)
CH = 31H, CL = 4EH, call service O5H (the N key)
CH = 1CH, CL =~ 0OH, call service OSH (the Enter key)
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00H = 30.0 OBH = 10.9 16H=43 -

01H =267 OCH=10.0 17TH =40

02H =240 0DH =92 18H =3.7

03H=218 OEH =86 19H =3.3 _ 1
04H =20.0 OFH =8.0 IAH =30 E
05H = 18.5 0H=75 IBH =27 |
06H = 17.1 LIH=67 ICH=25

0TH =160 12H=60 IDH =23 i
08H = 15.0 13H=55 IEH =2.1 i
0SH =133 14H =50 IFH =2.0
0AH=120 . [5H=46 20H through FFH - Reserved :

Figure 11-3, Vilues for repizrer BL in kevboard service 03H. The rates shown are in
characiers per second.

e dae s b

' 00H =250
O1H = 500
02H = 750
03H =11000 o A : o
04H through FFH - Reserved

Figure 11-2. Values for register BH in keyboard service 03H. The delay values shown are
in mifliseconds. ; ‘

Service 05H (decimal 5): Keyboard Write

Service 05H (decimal 5) is handy because it lets you store keystroke data in

the keyboard buffer as if a key were pressed. You must supply an ASCII

code in register CL and a keyboard scan code in CH. The ROM BIOS places

these codes into the keyboard buffer following any keystroke darta that may

already be present there. _ .

Service OSH lets a program process input as if it were typed at the ‘

keyboard. For example, if you call service 05K with the following data, the

result is the same as if the keys R-U-N-Enter were pressed:

CH ~ 13H, €L = 52H, cai? service QSH {the R key)
CH = 16H, CL = 55K, call service USH (the Y key)
CH = 31H, CL = 4EH, call service OSH {the N key)
CH = ICH. CL = 004, call service OSH (the Enter key}
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If your program did this when-it detected thar the F2 function key was
pressed, the result would be the same as if the word RUN followed by the
Enter key had been typed. {If you use BASIC. this should sound familiar.)

Beware; The keyboard buffer can hold only 15 character codes, so you
can call service 05H a maximum of 13 consecutive times before the buffer
overflows and the function fajls. '

Service 10H (decimal 16): Extended Keyboard Read
Service 10H (decimal 16) performs the same function as service 00H, but lets
you take full advantage of the [01/102-key keyboard: It returns ascy]
character codes and keyboard scan codes for keys that don’t exist on the
older 84-key keyboard. For example. the extra Fi! and F12 keys found on

the 101/102-key kevboard are ignored by service 00H bur can be read using

service 10H. . i

Another example: On the 101/102-key keyboard, an extra Enter key
appears to the right of the numeric keypad. When this-key is pressed,
service O0H returns the same character code (0DH) and scan code (ICH) as it
does for the standard Enter key. Service 10H lets you differentiate between
the two Enter keys because it returns a different scan code {EOH) for the

keypad Enter key.

~ Service 11H (decimal 17): Get Extended Keystroke Status

Service 11H (decimal 17} is tnalogous to service 01lH, but i, .i:oo, lets you use _

the 101/102-key keyboard to full advantage. The scan codes retiurned in
register AH by this service distinguish between different keys on the
101/102-key keyboard.

Service 12H (decimal 18): Get Extended Shift Status
Like services 10H and 11H. service {2H (decimal 18) provides additional
support for the 101/102-key kevboard. Service 12H expands the function of
service 02H to provide information on the exira shift keys provided on the
101/102-key keyboard. This service returns the same value in register AL as
service 02H (Figure 11-2), but it also returns an additional byte of flags in
register AH (Figure 11-5).

This extra byte indicates the status of each individual Ctrl and Al
key. It also indicates whether the Sys Reg, Caps Lock, Num Lock, or Scroil
Lock keys are currently pressed. This information lets you detect when a
User presses any combination of these keys at the same time.

i
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ROM BICS Keyboard Services

Meaning

X, ... ... Svs Req pressed
XL oo Caps Lock pressed
XL - Num Lock pressed
XL Scroil Lack pressed
. Right Alt pressed
..... X. . Right Crrl pressed

. X Left All pressed

X " LeftCrl pressed

Figure 11-3. E xtended key. board starus bits returned in register AH by kevboard service
128

Comments and Example

If you are in a position to choose between the keyboard services of your
programmi'_ng' language or the ROM BIOS keyboard services, you could
safely and wisely use either one. Although in some’ cases there are
arguments against using the ROM BIOS services directly, as with the diskatte
services, those arguments do not apply as strongly to the keyboard services.
However, as always, "you should fully examine the potential of the DOS
services before resorting to the ROM BIOS services; you may find all you
need there, and the DOS services are more long-lived in the ever-changing
environments of personal computers.

Most programming languages depend on the DOS services for their
keyboard operations, a factor that has some distinct advanrages. One
advantage is that the DOS services ailow the use of the standard DOS editing
operations on string input (input that is not acted on until the Enter key is
pressed). Provided that you do not need input control of your own, it can
save you a great deal of programming effort (and user education) o let DOS
handle the siring input, either directly through the DOS services or
indirectly through your language’s services. But if you need full control of
keyboard input. you'll probably end up using the ROM BIOS routines in the
long run. Either way, the choice is yours.

Another advantage to using the DOS keyboard services is that the DOS
services can redirect keyboard input so that characters are read from a file
instead of the keyboard. If you rely on the ROM BIOS keyboard services, you
can't redirect keyboard input. (Chapters 16 and 17 contain information on
input/output redirection.}




f PROGRAMMER’S GUIDE TO THE [BM FC AND PS/2

For our assembly-language example of the use of keyboard services,
g we’'ll get a little fancier than we have in previous examples and show you a
8 complete buffer flusher. This routine will perform the action outlined under
keyboard service 01H. the report-whether-character-ready service.

; _TEXT SEGMENT byte pubTic ‘CODE’
: ASSUME  cs:_TEXT

! PUBLIC _kbclear
_kbclear PROC near

push bp
moy op.sp
8 _ ,
bl LOi: moy " ah,1 ; tast whether butffer is empty
th ’ int 158

iz Loz ; if 5o, exit

b LR pRE Ly

v S maane

7_ mov ah.d .
int I6h : otherwise, discard data

imp La1 : .. asd Yaop

t02: . pop bp
ret

_khclear " ENDP

L e

»
sy

_TEXT ENDS

o s

: The routine works by using interrupt 16H, service O1H to check
Bl whether the keyboard buffer is empty. If no characters exist in the buffer,
Ir : service O1H sets the zero flag, and executing the instruction JZ L02 causes
the routine to exit by branching to the instruction labeled L02. If the buffer
3i still contains characters, however, service 01H clears the zero flag, and the
k ' - JZ L02 instruction doesn’t jump. In this case the routine continues to the
‘ 1 instructions that call service 00H to read a character from the buffer. Then
A the process repeats because the instruction IMP L01 transfers control back to
k! label L01. Sooner or later, of course, the repeated calls to service 00H empty-
- the buffer, service OiH sets the zero flag, and the routine terminates.
‘ Among the new things this buffer-flusher routine illustrates is the use
E: of labels and branching. When we discussed the generalities of assembly-
P language interface routines in Chapter 8, we mentioned that an ASSUME CS
X statement is necessary in some circumslances, and you see one in action

here.
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The ASSUME directive in this Vexample‘teﬂs the assembler that the
labels in the code segment (that is. labels that would normally be addressed
using the CS register) do indeed lie in the segment whose name is _TEXT,
This may seem obvious, since no other segments appear in this rogtine.

Nevertheless, it is possible to write assembly-language routines in
which labels in one segment are addressed relative to some other segmen::
in such a case, the ASSUME directive would not necessarily reference the
segment within which the labels appear. In later chapters you'll see
examples of this technigue, but here the only segment to worry about is the
~TEXT segment, and the ASSUME directive makes this fact explicit.




