Ledure13: 1/0

Interrupts

MS-DOS Function Calls
— Inpu,Qutput, File I/O
Video

Keyboard

/0

Getting data into your program:
— defineit in the data aea

— use immediate operands

Very limiting...

Most programs require input
from an external source
keyboard, disk, mouse, or
modem.

Most programs neeal to provide
output in auseable fashion:
screen, printer, or disk.

How?

e Usingthe INT (Interrupt)

instruction:

—INT 21h-> DOSfunctioncalls

—INT 10h-> BIOS level video
control

—INT 16h-> BIOS level keyboard
input

(BIOS? Basic Input Output System
— special programs built into the
computer that handle basic 1/0)

| nterrupts

What’s an interrupt?
— processng of one programis
interrupted to respond to an event
or take some action

» Two typeswe'll talk abou:

— Hardware
— Software




Hardware Interrupts

A hardware interrupt is a signal
generated by part of the system
hardware that needs immediate
attention from the CPU.

An example of thisis hitting akey
onthe keyboard. The CPU will
suspend the aurrent program and
exeaute aBIOS level routine.

Thisis needed becauseif the
keyboard character is not saved by
the CPU then it will belost.
Sometimes programs have to disable
interrupts. Thisisdone using the
CLI (clea interrupt flag) and STI
(set interrupt flag) instructions.

Software Interrupts

Not redly interrupts but have
some simil arities.

INT instruction requests
services from the operating
system (in ather words: INT
cdlsan OS subroutine)

Thevaluein AH tells which
subroutine to cdl.

Also, other registers may need
to hdd data needed by the
subroutine.

How does it work?

The CPU processes an interrupt
instruction wsing the interrupt
vector table: atable of addressesin
the lowest 1,024 bytes of memory.

Eadh entry in the table points to an
operating system subroutine.

Steps taken:

1. Usethenumber after the INT (such
as21hor 10h) to find the entry in the
interrupt vector table.

2. Jump to the aldress dored at that
location in theinterrupt vector table.

3. Executethe DOS subroutine at that
location.

4. Return to the calli ng program (using
the IRET instruction)

Common Software
I nterrupts

INT 10h—video services

INT 16h—keyboard services
INT 17h— printer services
INT 1Ah —time of day

INT 1Ch — user timer interrupt
INT 21h— DOS services




MS-DOS Function Call s

* INT 21h
* 90 a so dfferent functions!
 We'll look at:

— Output

— Inpu

—Filel/O

But first...

* Remember ASCII?

* Whenyou dol/O using INT 21hyou
are working with ASCII charaders.

e For example, ‘A’ =41h

e ThisALSO haddstrueif youare
reading in or displaying numbers!

* |f youwant to display 123, you have
totell DOSto dsplay 31 (the ASCII
codefor ‘1), then 32, then 33

* If youarerealing in anumber, you
will need to convert it from a string
of ASCII charaders (such as“123")
into a number (stored internally as
binary).

Output

» We've seen 09h(String Output)
—example, p. 148

e 02h Charader Output

— sends a character to standard
output (your screen) and advances
the cursor.

—Inpu: AH =2, DL =the charader
youwant to print

— Output: AL ismodified

Charader Output
Example

» From write procedurein
Homework 3:

;Display the buffer, using CX as a munter.
A2: mov ah,2 ;function: display

:charader
movdl, [di] ;get digit from buffer
int 21h :cdl DOS
inc di ;point to next digit

loopA2




Inpu

* A bewildering array of DOS
input functions:
— 01h—filtered input with echo
— 06h—direct input without waiting
— 07h—direct input, no control-
break

— 08h—direct input with control-
bregk

— 0ah — buffered input
— Obh— get input status

— Och — clear input buffer, invoke
input function

— 3fh —read from file or device

A few terms

» Keyboard typeahead buffer —a 15
character circular buffer that stores
keystrokes as you type (lets you type
faster than DOS can respondwithout
losing data)

¢ Inpu characteristics:

— waits for keystroke — does the function

wait for you to type or assume the
charader isin the buffer?

— echos—doesit display the charader it
reads?

— cntrl-break — can you terminate it using
control break?

— filtered input — doesi it filter out control
charaders (such as enter, tab,
badspace)

Some Inpu Functions

* 01h-filtered input with echo

— waitsfor asingle dharacter to be
entered (or, if oneisintheinpu buffer
already just grabs it)

— storesitin AL

—Inpu:ah=1

— Output: a = the character read

(filtered? filters out control characters)

(echo?it displays the tharacter youasyou
typeit. If you weren't using echo you
would not be able to seewhat you
typed!)

example, p. 150

Buffered Input

* OAh reals acharader string of
upto 255charaders from
standard inpu (your DOS
window) and storesitin a
buffer.

— Badkspacekey can be used to

erase characters and badk upthe
cursor

— Enter key terminates input

— Non-ASCII keys arefiltered ou

— Inpu: ah = 0ah, DX contains
off set of record containing the
keyboard parameters.




Keyboard Parameters?

* You (the programmer) need to definethe
data aeawhere you tdl the DOS function
how many characters you want to input
(maximum), and where it should put them:

.data

maxlen db 20 ; max charstoinput

aduallen db ? ;DOSwill put the
number read here

inbuf  db 20 dup (**) ; where DOS
will put the dataread in

input buffer area(last char will be enter
- ODh)

# charsin buffer (not counting enter)

max charaders your program will all ow
(<=255) —includes enter!

Example

» exampleon p 152 Irvine

File Processng

» DOS seesno dstinction between
disk files and devices (keyboard,
display, etc.)

« A handeisa16-bit number DOS
usesto identify an open file or
device

 Standard handles that are pre-
defined (that you don’t have to
open):

0 — keyboard
1-console
4 — printer

 For all functions, if an error occurs
then the cary flag is %t and an error
codeisreturned in AX.

Basic File Functions

* table 1, p. 439in Irvine




Using Files

» 3Ch—creding afile.

— Credes anew file or truncates an
existing fileto O bytes.
— Automatically opensfilefor
reading and writing
— Input:
« AH =3Ch
» DS:DX pointsto an ASCII Z string

with the name of thefile (ASCII Z?
null terminated).

e CX contains an attribute value: 00
normal file, 01 read only, 02 hidden,
04 system.
— Output:
» FileHandereturned in AX

File Creae Example

.data
newfile db  “NEWFILE.DOC", 0
hande dw ?

movdx, off set newfile :name of fset

movah, 3ch ;createfile
mov cx, 0 :normal file
int 21h :DOS cdl

jc display_error ;jump if error
movhandl e, ax :save hande

This could be
dangerous!

» Why?it does not prevent you
from writing over an existing
file.

—Youcan che if thefile exists
(by trying to openit) or

—Youcan usefunction 5Bh (creae
new file instead)

File Error Codes

» Whenthe cary flagis =t, you have
an error.

+ AX will havethe aror code:

— 03— path not found Thefile specifier
(pointed to by DX) probably has a non-
existant directory name

— 04 —too many open files. The max
number of open filesdefaultsto 8. The
first five are used by DOS (standard file
handles), that leaves you only three
Y ou can change this by editing your
CONFIG.SY Sfileto add thefiles
command (such asfiles=32)

— 05-—acces denied. Thefile eists, and
isrea only, or the file name matches a
subdrectory name, or you're alding a
new entry into afull root diredory.




OpeningaFile

» 3dh—opensan existing filein
input (read ony), output (write
only), or inpu-output mode.

— Input:

* AH =3dh

« AL — contains the file mode
input=0
output =1
input-output = 2

« DX containsthe offset of the

filename

— Output: filehandlein AX

Example

* p.450inIrvine

» Error codesreturned in AX:
1 invalid function (trying to share file)
2 file not found
3 path not found
4 toomany files
5 accessdenied

ClosingaFile

» 3Eh-—closes afile.

— Hushesthe DOS internal file
buffer by writing any remaining
datato disk

— Makesthefile handle available to
other programs (important since
number of filesislimited!)

— Inpu:

« AH =3eh
» BX — containsthefilehande

— Output:

* Only if there’san error. Theonly

erroris6 —invalid handle (file
handle does not refer to an open file)

Example

e p. 451 Irvine




Reda from File or
Device

¢ 3Fh—rea from file or device

— reads from afile or ancother device
(such asthe keyboard if your handleis
zero!)

— If you'reusing it for keyboard inpu, it
will terminate when you type enter, the
CR,LF will be stored andincluded in
the count of characters.

— Inpu:

« AH=3F

« BX —filehandle (O for keyboard)

¢ CX —number of bytesto read

« DX —pointer to the buffer area
— Output:

¢ AX —number of bytesread

— The number of bytesrea is useful
because you can use it to chedk for end
of file!

Example

* p.452 Irvine

Writeto aFile or Device

* 40h—writeto afile or device

— writesto afile or other device (such as
theterminal if thehandleis 1)
— Inpu:
« AH=40h
« BX —filehandle (1 for terminal)
¢ CX —number of bytes to write
« DX —pointer to the buffer area
— Output:
¢ AX —number of bytes written
— If the number of bytes written (AX) is
less than the number of bytesto write
(CX) then the disk might be full!
— Possble error codes are 5 — access
denied and 6—invalid hande

Example

* p.452 Irvine




Reca

» Thesewereafew of the INT
21hfunctions.

» Wetaked abou functions for:
— output (strings and single dhars)
—input (single dhar and buff ered)

—file /O (creae, open, close, rea,
write)

* Your text describes many more!

BIOS Operations

* TheINT 21hfunctions can
hande much o your I/O

» There ae also lower-level BIOS
operations (which the
procedures cdled by INT 21h
will use) that handle more
complex operations.

» Some that are described in
Irvine:
—INT 10h—BIOS video operation
—INT 16h—Keyboard operation

Video Systems

data from program

l

i data

E;? : dleo pits | Charader Video

play Generator Controller
Area
charaders horizontal and vertical timing
attributes
Attribute V_|deo Mode
Signal
Decoder Control
Generator |(iming
addressng
Monitor

Components of aVideo
System

» Basic components:

— Monitor —what displays the data. The
screen consists of a group of closely
spaced horizontal lines -> the raster.
Ead lineis made of hundeds of pixels
(points)

— Video Display Area—thisiswhere a
program transfers data for display. It
can bein characters (for text mode —
what we' ve been using) or in pixels (for
graphics mode). Datais gored in pages
where one pageisdisplayed at atime.

— Video Controll er — generates horizontal
and vertica timing signals. It
synchronizes delivery of datawith these
signals. It aso handles size and location
of the cursor and selecting the page to
be displayed.




More componrents

e ASCII generator — converts ASCII
codes from the video display area
into dot patterns that make up the
characters.

* Attribute decoder — trandlates the
attribute byte from the video display
areainto signalsto give the
characters characteristics
(badkgroundand foregroundcolor,
intensity, blinking...)

* Mode mntrol —the video mode
determines things like text vs.
graphics, color or monochrome, etc.

Video Attributes

* If you'reusing the lor text
mode (ASCII, not graphics) you
can display text in colors with
blinking and reverse video.

* Video attribute:

— picture and example from p. 159

INT 10h (BIOS Video
Operation) Functions

* tablefrom p. 163 Irvine

Keyboard Operations

» We've dready mentioned the
keyboard bufer (when talking abou
buffered 1/0).

» When you pressakey, the keyboards
procesor generates the scan code
for the key and requests BIOS INT
O9H.

— scan code? yet another characer
encoding. ThisisNOT the same as
ASCII!

» INT 09hgets the scan code, converts
it to ASCII, and cEliversit to the
keyboard bufer ara.

10



INT 16h (Keyboard
Operation) Functions

* tablefrom p. 156 Irvine.
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