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Editor’s Page

The Challenge of the Future

The computer industry is continuing its
fast paced change with more powerful
software and hardware announced daily.
No one can accurately predict what will be
available next year, and there is a lot of
discussion about whether companies
should buy now or if they should wait till
the more powerful systems are available.
While a lot of attention is given to the fu-
ture of computer systems, very little is said
about the future of the people.

It is time to think about where people
will fit in with the future computer sys-
tems. Will there be enough jobs for pro-
grammers and hardware designers? And if
so, will they be in what we normally con-
sider the general computer industry, or
will they be in industrial applications? If
someone entering college asked for your
advice on selecting a curriculum to pre-

" pare them for the job market five years

from now, would you recommend courses
on hardware, software, or business appli-
cations of computers?

I feel that there will be a decreasing
demand for programmers and hardware
designers in the high volume general com-
puter field starting by 1995. I base this on

" the following assumptions.

The new systems are too large and
complicated for an individual to be effec-
tive in programming or hardware design.
It takes a large company to provide suffi-
cient resources.

The business users aren’t interested in
computers, they are only interested in
what it can do for their business. The buy-
ers demand well polished software with
high quality manuals plus on-site support
and training classes. They also want mul-
tiple sources so that they can use competi-
tive bidding to force the prices down. They
are only comfortable in working with other
large companies who “know how to play

the game.”

Most of the products will come from
large organizations, and any large organi-
zation tries to manage for the maximum
short term profit. This means that they will
adopt CAE (Computer Aided Engineer-
ing), Application Generators, and any
other tools in order to eliminate the ex-
pense of hiring people. It does not matter
that the resulting designs are less efficient
than what could be done by knowledge-
able engineers, after all, hardware is
cheap, and they’ll just use larger faster sys-
tems.

Anything which can not be automated
will be moved out of the United States.
Most of the hardware manufacturing has
already been either automated or moved.
Software programming is currently being
sent off-shore (a lot of it to India), and
more will be sent in the near future. There
is some hardware design being done off-
shore and this trend will accelerate.

We will be left with upper management
groups who will decide what hardware or
software is needed, and then send it out
for either automatic generation and de-
sign, or overseas for design and produc-
tion--of course the people overseas also
recognize the potentials of automation, so
a lot will be sent overseas for automatic
generation and design.

As other countries become more profi-
cient they will also become effective in
over all market design strategies. Then
they will ship us their own finished prod-
ucts which they designed, and we’ll be left
out of the picture except to send them our
dollars. You say that it couldn’t happen?
Talk to someone in the auto or steel in-
dustry. Or figure out how many TVs or
VCRs are designed and made here. When
was the last quality camera designed or
made in the US?

The computer industry is now at the

point of change, and I believe that we are
entering the final phases of the individual
computer related entrepreneur. Most
hardware and software design will be auto-
mated or sent overseas, so there will be
very few customers for the type of prod-
ucts which could be profitably marketed
by an individual. There will be some niche
exceptions such as database programming,
but even these are being automated (Para-
dox 3.0 and FoxPRO) so that the user can
develop their own applications without ac-
tually programming. There will be many
openings for people who understand busi-
ness computer applications, but few open-
ings for programmers.

I would recommend that the student
study business, Lotus 1-2-3, and Novell
NetWare, rather than computer design or
programming in C or dBASE.

Where does this leave those of us who
enjoy programming or hardware develop-
ment? There are two viable possibilities. 1)
Earn your income in some other field, and
use computers as a hobby where you can
do what you enjoy. 2) Train yourself for
the few computer related employment op-
portunities which still exist, especially if
these are in an area which you enjoy.

One area which I find fascinating and
which still provides significant opportunity
is the design of embedded process control-
ler applications. Each application is so spe-
cific and so demanding that it still takes a
sharp human brain to devise a solution.
This is the one field which I would recom-
mend to someone who insisted that they
wanted to earn a living working on com-
puters (as contrasted with office functions
which work with computers).

I am expanding the electronics bench,
and will switch most of my work towards
hardware design and programming of con-
trollers, some of which will be merely for
fun. One of the fun projects, which still
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provides a good opportunity for learning,
is a model train layout with smart control-
lers on the train(s) and infrared communi-
cations between the train(s) and the base
station. I will have no loyalty as to what
type of computer I work with--they are
only an appliance. If I need PageMaker or
Schema II I'll use the 286 because that’s
- what they run on. I'll use what ever a cross
assembler runs on, but it might not be the
same system I use for writing the assem-
bler source code. It will be very rare that
my target system will be a traditional com-
puter system, although I may use an S-100
system as a master with dedicated proces-
' sors on the boards.

While I feel that there is only a very
limited future in working on (remember
working on is very different than working
with) traditional systems, you are entitled
to disagree. 1 welcome your comments,
rebuttals, and poison pen letters.

The Computer Publishing Market

The computer book publishing industry
is in trouble (see editorial in #40). They
published too many titles for the wrong
market, too many poorly written books,
and tried to distribute technical titles
through the mass markets. Now, they are
retrenching and making drastic reductions
in their list.

We have received a notice from How-
ard W. Sams which states in part,
“..shares your concerns about possible
overpublishing in the computer books seg-
ment of the industry. We strive to meet
retailers’ needs by maintaining a short,
high-performance list.” The enclosed Out
of Print Notice lists 192 titles which are
being dropped! The good news is that
Lancaster’s TT1 and CMOS Cookbooks
are still in print.

We are headed into a dearth of techni-
cal titles, because these titles are not suit-
able for distribution through the high vol-
ume mass market channels. It is very im-
portant that we encourage and support
the companies which still serve our needs.
We will have to utilize mail order re-
sources to obtain our books because they
will not be stocked at Dalton’s or Walden-
books. The time is ripe for someone to
start a well publicized mail order outlet for
technical books from various publishers. It
should be located in a rural low-overhead
area, and be strictly mailorder to avoid the
expenses associated with a retail store-
front. They could get started by buying a
few select remainders from Sams’ out of
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print list (remainders are purchased at a
small fraction of the original price).

I know of three companies currently
publishing useful technical titles. One is
Tab Books (Blue Ridge Summit, PA
17294-0850, (717) 794-2191). I have just
received their book “The Programmable
Logic Device Handbook” by Burton,
which covers a vital new topic. I also want
to see “Programmable Controllers: Hard-
ware, Software, and Applications” by Bat-
ten, and “Brushless DC Motors: Elec-
tronic Commutation and Controls” by
Sokira and Jaffe. They have dozens of
good titles, don’t fail to write for their
catalog.

A second company is M&T Books (501
Galveston Drive, Redwood City, CA
94063 1-800-533-4372 (in CA 1-800-356-
2002)). M&T also publishes Dr. Dobbs
Journal. One of their titles is “Graphics
Programming in C” by Stevens (see Pep-
per’s article in this issue). Another recent
title is “Building Local Area Networks
with Novel’s NetWare” by Corrigan and
Guy. Most of their books are available
with disk. Write for their catalog.

The third company is Addison-Wesley
(Route 128, Reading MA 01867, (617)
944-3700). They publish four books on

(Continued on’page 38)
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Standardize Your Floppy Disk Drives

by Eugene L. Langberg

Last fall I put together an IBM PC/XT Clone from case, power
supply, boards and floppy disk drives purchased at a Computer
Show and Flea Market and through mail order. The machine went

. together easily and worked on the first try with no apparent prob-

lems.

The machine proved able to run all sorts of IBM software with-
out exception both public domain and copyright material. The ex-
tensive testing with IBM software convinced me that the machine
is an excellent clone, truly compatible.

The time had come to get down to some serious work. I bought
a copy of Flight Simulator and tried it. The A drive made its usual
noise, its LED went on and off a few times then all was quiet. The
monitor’s screen was blank, there was no response to keyboard
input, the machine had blocked-up.

What could be wrong? It just had to be the software. A quick
call for help to a friend who has an IBM PC/XT allowed me to try
my Flight Simulator program on the real machine. It loaded and
ran. There was nothing wrong with the software. The problem was
in my clone, but where?

After going over connections etc. with great care, and again
trying lots of IBM software, including IBM’s diagnostics, none of
which failed, I became convinced that the problem was in my
floppy disk drives. They appeared to be unable to read the data
from the Flight Simulator diskette. I substituted a disk drive taken
out of a CP/M machine for the clone’s drive A. My assumption
proved to be correct. The substitute drive was able to read all of
the software the troublesome drives could read and Flight Simula-
tor as well. My clone was compatible, my floppy disk drives were
not.

What could be wrong with a pair of apparently new drives that
could read lots of different software diskettes, without error, but
were unable to read the data from one particular diskette? My
conclusion, the drives required realignment.

Floppy disk drive designs are, for the most part, highly reliable.
Computer operators use their drives day in and day out for years
without special care or problems. Software houses make thou-
sands of floppy disk copies of their software, scll and send these
copies to users all over the world without any doubt in mind that
the user will be able to read and use the material on the disks they
receive. This is remarkable and attests to the reliability of both
floppy disks and floppy disk drives. However, in order for the
disks and drives to achieve this high degree of compatibility for
information interchange, they both must adhere closely to univer-
sally accepted standards of recerding and adjustment.

There are two simple adjustments that you can make to your
floppy disk drives using your computer and simple tools if you
have the proper software. These adjustments are the disk speed
and track alignment. However, unless you are in the business of
repairing floppy disk drives and therefor have the tools, specifica-
tions, access to replacement parts and the know-how for making
mechanical repairs, it is best that you not attempt to make major
repairs to your drives.

There are a number of programs in the public domain which
enable you to check the speed of your disks by simply running the
programs and making note of the results shown on the video

screen. Many floppy disk drives have a small adjustable resistor on
their printed circuit board which is used to set the speed. One
adjusts this resistor with a small screw-driver and repeats the test
until you have set the drive to a speed as close t0 300 RPM as you
can. Some drives even have a stroboscopic pattern on their pulleys
to facilitate this adjustment without using special software.

Checking track alignment is another matter. Doing so requires
that one have available a diskette made specifically for this pur-
pose. There are two kinds of such diskettes available. One is ana-
log, the other is digital. To usc the analog diskette one must have a
dual trace oscilloscope with specifications such, that it in itself be-
comes quite expensive. Not at all cost effective if one wishes to
check a few drives once in a while. On the other hand the digital
diskette, costing no more than some inexpensive software, is a
worth while investment for occasional checking of drives.

Dysan makes a series of Digital Diagnostic Diskettes which can
test drives in a computer using no special test equipment. The
diskettes are available in single-sided single-density, single-sided
double-density, double-sided single-density and double-sided
double-density. I purchased the double-sided double-density disk-
ette, model number 508-400 for use with my IBM PC/XT clone.
The list price for this diskette is $40.00.

By use of the Dysan Digital Diagnostic diskette and appropri-
ate software, the following are some of the tests that can be made
on a floppy disk drive without removing it from the computer.

Head Radial Alignment

Head Positioner Linearity

Head Positioner Hysteresis
Diskette-Clamping Eccentricity
Head-to-Media Compliance
Index/Sector Photo-Detector timing
Head Positioner Skew

Diskette Rotational Speed

Head Azimuth Alignment

Head Load Actuator Timing

All of the above are tests of the mechanical adjustments of a
drive. Drives purchased from their manufacturer should be able to
pass these tests without question and hold the adjustments despite
long and hard use. However if, as were mine, your drives were
purchased from someone who deals in drives with an unknown
history, the above tests can give you information about their condi-
tion and adjustment. Iowever, the fact remains, if you are not in
the business of drive repair the only practical adjustments you can
make to your drives is the rotational spced and the track alignment
or Head Radial Alignment as Dysan refers to it.

The model 508-400 Digital Diagnostic Diskette has data re-
corded on tracks 0, 5, 16, 19, 30 and 39 in progressive offset.
Other tracks have data recorded on them differently. For Head
Radial Alignment testing the progressive offset tracks are used.
The tracks are written with all the track and sector ID ficlds on
track. However, the data fields are written radially displaced from
the track centerline. The data field of sector one is displaced 6
thousandths of an inch toward the spindle, that of sector two, 6
thousandths of an inch away from the spindle. The data fields of
each successive pairs of sectors are displaced an additional thou-
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sandth of an inch toward and away from the spindle.

The read/write heads of a 5% inch disk drive are 12
thousandths of an inch wide. A drive with perfect Head
Radial Alignment and excellent head sensitivity should
be able to read data from alternate sectors out to the
last sectors where data is recorded within the 12 thou-
sandths of an inch head path. This would be for all
sectors out to 11 and 12. The program we must have to
test Head Radial Alignment must permit us to read all
readable sectors on the selected tracks that have the
progressive offset.

However, there is a problem if the program is to run
under PC-DOS. The Dysan Diagnostic Diskettes are
formatted with 16 sectors per track, and 256 bytes per
sector for the double-density models. This is not the PC-
DOS format used by the IBM PC or compatible ma-
chines which use diskettes formatted 8 or 9 sectors per
track and 512 bytes per sector, therefor, special software
must be written to read and use the diagnostic diskettes.

There are two ways to solve this problem. One is to
write our own disk-base, a table maintained by the oper-
ating system in the BIOS of the PC, which contains the
disk parameters including the number of sectors per
track and the number of bytes per sector, and tempo-
rarily replace the standard disk-base in memory with
one whose disk parameters include 16 sectors per track
and 256 bytes per sector. Doing this will allow BIOS
INT 13H and its read function, AH = 2, to read the
Dysan Diagnostic Diskette. The second way to handle
this problem is to by-pass the BIOS and directly address
the Floppy Disk Controller chip.

The first program I wrote to do this job involved the
replacement of the disk-base table and use of BIOS
INT 13H. However, 1 did not like the way the program
operated. The program was designed to read all of the
sectors from the selected track. However, it would not
read through a CRC error. This made for a rather
coarse test. A reworked program that would read a sec-
tor, report an error if one had occurred and would then
read the next sector, was tried and found cumbersome
to use.

The program was completely rewritten to read the
data from the diskette by addressing the Floppy Disk
Controller chip directly. It is this program that has been
included with this article.

The program makes use of a function available in
the controller chip that is not available through the PC
BIOS. This function reads all of the data stored in all of
the sectors of the selected track ignoring any CRC er-
rors that may be encountered. In our application the
drive will attempt to read data from all the sectors of the
progressive offset tracks. If the data is so far offset that
it can not be read or is misread, the process will not halt
despite CRC errors but will continue on to the end of
the track. When the data that has been read is examined
one can see where the drive begins to drop bits and
where the drive can no longer read anything from the
offset sector.

The program is not complicated nor tricky but in
order to see how it works does require some under-
standing of how one addresses the very intelligent
Floppy Disk Controller (FDC) and Direct Memory Ac-
cess (DMA) chips and sends commands to them.

The program comes up with a message that explains
how to exit the program, how to terminate the display of
data and restart the program and how to toggle the
display so that it stops and starts to allow the examina-
tion of the data in particular sectors before they scroll
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;TITLE Floppy Disk Drive Head Radial Alignment Program

jAuthor: Eugene L. Langberg
;Date: June 21, 1987

;jRequirements for use:
; An IBM PC/XT with one or more Floppy Disk Drives
; A Dysan Digital Diagnostic Diskette, Model No. 508-400

;MACRO AREA

PUSHR MACRO
PUSH AX
PUSH BX
PUSH CX
PUSH DX
PUSH BP
PUSH DI
PUSH SI
ENDM

7 THESE MACROS REPRESENT THE SHOTGUN
;WAY OF SAVING REGISTERS SO AS NOT
;TO WORRY IF YOU HAVE SAVED THE CORRECT
;ONES OR NOT WHEN YOU MOVE ABOUT IN
;THE PROGRAM BY CALLS TO ROUTINES THAT
;DO LIMITED THINGS SUCH AS OUTPUT A
iCHARACTER.
;PUSHR SAVES A GROUP OF REGISTERS

POPR  MACRO
POPSI
POP DI
POP BP
POP DX
POPCX
POP BX
POP AX
ENDM

;POPR RESTORES THE SAME REGISTERS

DATA SEGMENT
;MESSAGE AREA

SIGNON DB 13,10,10
DB ‘(CTRL C) TERMINATES THE PROGRAM, (CTRL A) TERMINATES THE',13,10
DB ' DISPLAY AND REPEATS THE PROGRAM AND (ESC) TOGGLES THE ‘,13,10
pB ¢ DISPLAY STOPPING AND THEN STARTING IT AS YOU WISH *,
DB 13,10,10,'$’

MSG_DRV DB/ ENTER THE SELECTED DRIVE (0 FOR A, 1 FOR B)
MSG_TRK DB ¢ ENTER TRACK NUMBER (0 - 39)
MSG_HD DB ¢ ENTER HEAD (0 -1)
ERR_MSG DB 13,10
DB ‘' DIGITS ONLY IN THE RANGE SPECIFIED, TRY AGAIN  ‘,13,10,10,'$’
TRK_MSG DB ‘TRACK $'
HD_MSG DB ‘' HEAD $'
SEC_M$SG DB ‘' SECTOR §'

;DECLARED VATABLE AREA

DRIVE DB ?
TRACK pPB ?
HEAD DB ?
SECTOR pPB ?
DRIVE_HEAD DB ?
MOTOR_ON DB ?

MOTOR_OFF DB ?
DATA_BUFF DB 4096
DECIMAL_BUFF DB 3

DUP(9FH) ;AN ODD FILL CHARACTER
DUP(0) ;STORE FOR DECIMAL NUMBERS

SECTOR_SIZE DB O001H
LAST SECTOR DB O010H
GAP3_LENGTH DB 021H
DATA_LENGTH DB OFFH

;256 BYTE SECTORS

;16 SECTORS PER TRACK

;GAP-3 LENGTH FOR DYSAN READ

;USE OFFH SINCE SECTOR SIZE IS SPECIFIED

DATA ENDS

STACK SEGMENT STACK
DB 80H DUP (?)

STACK ENDS

;A STACK OF 128 BYTES

CODE SEGMENT
ASSUME CS:CODE,DS:DATA

MAIN PROC TFAR
MOV AX,DATA ;POINT DS TO THE
MOV DS, AX ;DATA SEGMENT

START: MOV AH, OH ;RESET THE DISK SYSTEM
INT 13H ;WITH BIOS INTERRUPT CALL
CALL CLRSCR ;CLEAR THE SCREEN
MOVDX,OFFSET SIGNON ;DISPLAY THE SIGN ON MESSAGE

CALL  MSGOUT
CALL SETUP ; INPUT SELECTED DRIVE, HEAD AND TRACK
CALL CLRSCR ;CLEAR THE SCREEN AGAIN
CALL  READ_TRACK sREAD THE DATA ON THE SELECTED TRACK
CALL SHOW ;DISPLAY WHAT THE DRIVE WAS ABLE TO READ
CALL DELAY ;HOLD THE DISPLAY FOR A WHILE
JMP START ;BEFORE RESTARTING THE PROGRAM
MAIN  ENDP

; THE FLOPPY DISK CONTROLLER (FDC) OPERATES THROUGH 3 I/O PORTS
; O3F2H THE DIGITAL OUTPUT REGISTER

H 03F4H THE STATUS REGISTER

; O3FSH THE DATA REGISTER

i

;THE READ_ TRACK PROCEDURE DOES THE FOLLOWING:

;TURNS ON THE MOTOR OF THE SELECTED DRIVE

{WAITS FOR IT TO COME UP TO SPEED

sRECALIBRATES THE SELECTED DRIVE

;DOES A SEEK TO THE SELECTED TRACK

;WAITS FOR AN INTERRUPT THAT INDICATES THE SEEK 1S DONE
;INITIALIZES THE DMA TO MOVE DATA TO MEMORY

7SENDS READ INSTRUCTIONS TO THE FDC

$
$




away. The program then asks for input from the keyboard. The
drive to read from, the head or side of the disk to read and the
track to read. After this information is entered there is a short wait
while the motor of the selected drive comes on, the drive is recali-
brated (its head goes to track zero and the controller is reset), the
drive does a seek (the heads move to the selected track), the drive
reads the data from all the sectors on the selected side (head) into
a buffer in memory via DMA, turns the motor off and displays the
contents of the buffer on the video monitor in clearly marked
sectors. There is a delay after the sixteenth sector has been shown
and the program restarts.

The Floppy Disk Controller chip used in the IBM-PCis a NEC
765. The 8272A FDC chip is the same. The FDC is directly ad-
dressed through three I/O ports. They are:

03F2H The Digital Output Register
03F4H The Status Register
O3FSH The Data Register

The eight bits of the Digital Output Register have the following
meaning:
bits 1-0 select the drive, 00 = A, 01 = B, 10 = C, 11 =D
bit 2 when 0 the drive resets

bit 3 when 1 it enables the FDC interrupt and DMA access
bits 7-4 turn on motor, 0001= A, 0010= B, 0100= C, 1000= D

Turning a specific drive on or off is simply a matter of sending
the proper byte of information to the Digital Output Register. A
byte whose bits are 00011100B = 28., sent to the Digital OQutput
Register will turn on drive A, enable its interrupt and enable DMA
access to it, for drive B the byte is 00101101 or 45. To turn drive A
off and reset it the byte 00000000 or 0. is sent to the Digital Out-
put Register, for drive B the byte is 00000001 or 1.

The eight bits of the Status Register have the following mean-
ing:
bits 3-0 tell which drive is in seek mode, 0001 = A,

0010 = B, 0100 = C and 1000 = D.
bit 4 1 = a read or write is in progress

bit 5 1 = FDC is not in DMA mode
bit € 1 = FDC Data Register is ready to send data

0 = FDC Data Register is ready to receive data
bit 7 1 = FDC is ready to send or receive data

Data being sent to or being received from the drive is placed in
the Data Register a byte at a time. When the drive is in DMA
mode, data is transferred through this register into or from mem-
ory directly without CPU involvement. When the drive is not in
DMA mode the CPU must transfer data to or from the drive
through this register one byte at a time as well. The non DMA
mode is often used for sending control commands to peripheral
devices. In the accompanying program the DMA mode is used to
transfer data that has been read from the diskette into memory. It
is then transferred from memory to the screen of the video display.

The program’s short procedure OUT_FDC demonstrates how
data is sent to the FDC in the non DMA mode. We need only
read the Status Register repeatedly until bit seven is turned on to
know when a byte of data should be sent to the Data Register.
The same procedure is used to read data from the FDC, when not
using DMA mode, but the instruction OUT is replaced with the
instruction IN.

The control commands that are sent to the Digital Output
Register do not require reading the Status Register to see if the
ready bit is on. However, these commands are limited in number
and might be thought of as a first level of command. One certainly
cannot read or write to a drive whose motor has not been turned
on. Once a drive has been turned on, the intelligence of the FDC
chip will permit the execution of no fewer than fifteen commands.
These commands are sent to the FDC through the data register.

The procedure used to send commands to the FDC is simple.

An operation code is the first of a series of bytes sent to the FDC.
This alerts the FDC intelligence that a command is coming in.

;WAITS FOR AN INTERRUPT THAT INDICATES THE DATA READ IS IN MEMORY
; TURNS OFF THE MOTOR

H
;* MUCH OF THIS ROUTINE, WITH MODIFICATIONS, HAS BEEN TAKEN FROM
; ROBERT JOURDAIN'S BOOK ‘‘PROGRAMMER'S PROBLEM SOLVER FOR

; THE IBM PC, XT & AT'’', SECTION 5.4.1

READ_TRACK PROC NEAR
; TURN ON THE SELECTED MOTOR

STI ;BE SURE THE INTERRUPTS ARE ENABLED
MOVDX,03F2H ;FDC DIGITAL OUTPUT REGISTER PORT ADDRESS
MOV AL ,MOTOR_ON ;SET PROPER BITS FOR THE SELECTED MOTOR
OUT DX, AL ;SEND THE COMMAND TO THE FDC

;WAIT FOR MOTOR TO COME UP TO SPEED

MOV CX,3500 ;COUNT FOR AN EMPTY LOOP (PC OR XT)
MOTOR_DELAY: LOCP MOTOR_DELAY ;IDLE FOR 1/2 SECOND

;RECALIBRATE THE SELECTED DRIVE

RECAL: MOVAH,07H ;OP-CODE FOR DRIVE RECALIBRATION
CALL QUT_FDC ;SEND THE OP-CODE TO THE FDC
MOV AH,DRIVE ;DRIVE TC RECALIBRATE
CALL OUT_FDC ;SEND IT TO THE FDC
CALL WAIT_INTERRUPT ;WAIT FOR THE OPERATION TO COMPLETE

;DO A SEEK TO THE SELECTED TRACK

SEEK: MOVAH,OFH ;OP-CODE NUMBER FOR SEEK
CALL OUT_FDC ;SEND THE OP-CODE TO THE FDC
MOV AH,DRIVE_HEAD ;GET THE DRIVE AND HEAD BYTE
CALL OUT_FbC ;SEND IT TO THE FDC
MOV AH, TRACK ;GET THE TRACK NUMBER
CALL OUT_FDC ;SEND IT TC THE FDC
CALL WAIT_INTERRUPT ;WAIT FOR THE OPERATION TO COMPLETE

JWAIT FOR THE HEAD TO SETTLE
MOV CX, 1750 ;COUNT FOR EMPTY LOOP
WAIT_SETTLE: ; IDLE FOR 25 MILLISECONDS
LOOP WAIT_SETTLE

;INITIALIZE THE DMA CHIP

MOV AL, 46H ;OP-CODE TO READ DATA FROM THE FDC
OUT 0BH, AL JWRITE TO THE MODE REGISTER
QUT OCH, AL ;CLEAR FIRST/LAST FLIP-FLOP

;CALCULATE THE 20 BIT ADDRESS OF DATA_BUFF

MOV AX,OFFSET DATA BUFF ;GET BUFFER OFFSET IN DATA SEGMENT

MOV BX, DS ;PUT DS INTO BX

MOVCL, 4 ;GET READY TO ROTATE HIGH NIBBLE OF DS
ROL BX,CL ;ROTATE TO BOTTOM FOUR BITS OF BX

MOV DL, BL ;COPY BL TO DL

AND DL, OFH ;BLANK TOP NIBBLE OF DL

AND BL, OFOH ;BLANK BOTTOM NIBBLE OF BL

ADD AX,BX ;ADD BX INTO AX (DS INTO OFFSET)
JNCNO_CARRY ;IF NO CARRY, DL 1S A PAGE VALUE

INC DL ;BUT IF CARRY, FIRST INCREMENT DL

;NOW SEND ADDRESS AND BYTE COUNT INFORMATION TO THE DMA CHIP

NO_CARRY:
OUT 4 ,AL ;SEND LOW BYTE OF ADDRESS
MOV AL, AH ;SHIFT HIGH BYTE
OUT 4,AL ;SEND HIGH BYTE OF ADDRESS
MOV AL, DL ;FETCH PAGE VALUE
OUT 81H,AL ;SEND PAGE NUMBER
MOVAX,4096  ;BYTE COUNT OF FULL TRACK OF DATA
OUT5,AL ;SEND LOW BYTE OF DATA BYTE COUNT
MOVAL, AH JREADY HIGR BYTE
OUT 5, AL ;SEND HIGH BYTE OF DATA BYTE COUNT

;ENABLE CHANNEL 2 OF THE DMA CHIP

MOV AL, 2 ;GET SET TO ENABLE CHANNEL 2
OUT OAH, AL ;ALL DONE, DMA WAITS FOR DATA

;NOW SEND THE READ PARAMETERS TO THE FDC

MOV AH, 062K ;OP_CODE FOR FULL TRACK READ

CALL OUT_FDC ;SEND IT TO THE FDC

MOV AH,DRIVE_HEAD ; DRIVE AND HEAD BYTE, FROM SETUP

CALL OUT_FDC ;SEND IT TO THE FDC

MOV AR, TRACK ; TRACK NUMBER, FROM SETUP

CALL OUT_FDC ;SEND IT TO THE FDC

MOV AH, HEAD ;HEAD, FROM SETUP

CALL OUT_FDC $SEND IT TO THE FDC

MOVAH,1 ;START READING AT SECTOR ONE

CALL OUT_FDC ;SEND IT TO THE FDC

MOV AH,SECTOR_SIZE ;256 BYTE SECTORS FOR THE DIAGNOSTIC
DISK

CALL OUT_FDC FSEND IT TO THE FDC

MOV AH,LAST_ SECTOR ;READ 16 SECTORS FROM THE TRACK

CALL OUT_FDC JSEND IT TO THE FDC

MOV AH,GAP3_LENGTH ;GAP3 LENGTE IN BYTES

CALL OUT_FDC ;SEND IT TO THE FDC

MOV AH,DATA_ LENGTH | ;OFFH, READ ALL DATA IN THE SECTORS

CALL OUT_FDC ;SEND IT TO THE FDC

CALL WAIT_INTERRUPT ;WAIT FOR THE OPERATION TO COMPLETE

;TURN OFF THE MOTOR
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