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\ ‘ ABSTRACT

;)CP/M-SG is a single user microcomputer operating system,
developed by Digital Research < This theQIérqff;;EE;;_‘;J
multi-user ’;L“irotected’ﬁkmbP/M-ae based disk sharing
environment consisting of four Intel {SBC 86/12A single
board computers, a MBB-8@¢ bdubble memory, and the REMEX Data
warehouse 3222 memory storage unit. The REMEX houses a 14
inck Winchester hard disk and two flexibdle <floppy disk
drives providirg in excess of 20 megabytes of data storage
capacity. The major objective in the design of this system
was to create a table-driven CP/M-86 Basic Input/Qutput
System that could be quickly and easily recoafigured to
adapt to any nevw hardware configuration. Once the system
was operational, the REMEX hard disk could then serve as a
"signal processor emulation for the AEGIS system. 3y
making direct calls to the appropriate read/write routines,
stored “radar data” could be retrieved from the hard disk

for use by the other system processes.
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I. INTRODUCTION

3 -4 24 2 PP 24

A. BACEGROUND

One of the most popular operating systems avallabdle for
microcomputers today is the family of Digital Research’s
CP/M operating systems. Tﬁey are single user systems which
can bYe configured to interface with nearly any existing
piece of hardware simply by redesignicg tce Basic
Input/Output System (BIOS) module of CP/M. Since CP/M is a
single user system, protectior from other users 1is not
normally an issue of corcern with thils operating system.

MP/M, also marketed dy Digital Research, is a multi-user
operating system which supports multiprogramming on a
uniprocessor. It 1s basically an expanded version of CP/M.
However, MP/M provides virtually no protectior for user
files and very little protection for memory in the event
that another user’s process crashes. Furthermore, when more
than one user is operatiang under MP/M, system response time

is noticeadly increased.

B. PURPOSE

This thesis presents an implementation of CP/M-8€ which
will permit multiple users, each with kis own
microcomputer, to access the same peripheral devices ia a

manner similar to that of the MP/ operating system, Dbdut

11
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; with increased user protection. The peripherals used 1in
. this 1mp1ementétion are a 32K cbmmon memory board, a MBB-80
.j magnetic bdudbble memory configured as a floppy disk drive,
§ and a Remex Data Warehouse memory storage unit consisting
- of a Vinchester hard disk and two flexible floppy disk
drives. In addition, computer performance {is not
compromised since e=ach user has a dedicated INTEL 86/12A
iSBC on which to operate.

The standard version of CP/M-86 requires that only the
BIOS be altered to add additlonmal hardware. While this s
an excellent method to interface hardware with CP/M, it
requires that the BIOS be rewritten every time the hardware
configuration 4is changed. This process can become time
consuming and is definitely prone to errors, thus
discouraging frequent system reconfiguration. Therefore, in
the design of this system, a major goal was to develop a
BIOS which could easily be modified if it was necessary to
convert from one hardware configuration to another.

This thesls was Dbased on work accomplished in two
previous theses. Michael Candelor’s thesis entitled
"Alteration of the CP/M Operating System’ (Ref. 1]
initially modified CP/M-86 to interface with the Intel 1201
and 1222 Floppy Disk Controllers. Michael dicklin and
Jeffery Neufeld, in their thesis “Adaptation of the Magnetic
Bubble Memory in a Standard Microcomputer ZEnvironment”,

[Ref. 2] 1interfaced the MB3-82 Budbl-~3oard and the 1222

12
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Floppy Disk Controller with the CP/M-86 Operating System.
Although Hicklin and Neufeld claimed that their BIOS was
table~driven, 1t was Nick Hammond who really identified that
the BIOS functions could be truly table-driven [Ref. 3].
This thesis duilds on the ideas contained in each of these
previous works and expands upon them to create a more
practical and versatile operating system which provides
increased protection of the user’s address space and files.

OCnce the system was operational, the REMEX hard disk
could then be used to emulate the “signal proczessor’
functions of the AEGIS system. Direct calls can be made to
the appropriate read/write 4ariver routines to retrieve
stored "radar data  from the hard disk for use by the other
emulated processes in the system.

This thesis has been organized into four major sections.
The first section deals with an overview of CP/M-E6 and the
necessary steps required to create a new CP/M-86 system. It
also describves how the BIOS interfaces with the other
modules of CP/M-86 and the peripheral devices. Included in
this section is a description of how the BIOS can Ve
reconfigured into a table-driven operating system wanich will
permit easy alterations to the 3I0S if the hnardware
configuration should be modified.

The second section descrides the hardware configuratioz

utilized {in this thesis. The memory organization of the

MBB-82 3udbbl-Board 1is discussed and the design decisions

13
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that wvere made to make the dudbble memory compatidle with
the CP/M operating sytem are treated in some detail. The

-basic functions of the BREMEX Data V¥Warehouse are also

é; described, as well as, the command packet structure and
-> execution.

# The third section is concerned with the development of a
é CP/M-86 operating system which will permit four single board
E computers to operate simultaneously while sharing the same
g peripherals. In this design, it is necessary to provide

f_ : protection to common memory during read and write operations

- and to insure that each user’s files are write protected

ff with respect to all other uses.

s T The final section describes the tests that were

' conducted to evaluate system performance. In addition, the

F feasibility of using the REMEX hard disk to emulate the
"signal processor of the AFGIS system was explored.

Measurements were made using direct calls to low-level read

e

routines to determine the optimum skew factor for
consecutive sector access operations. Also, some

recommendations were made for future projects involving the

REMEX Data ¥Warehouse and the multi-user CP/M-86 operating

system,

14
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IT. CP/M-86

A. THE CP/M OPERATING SYSTEM

CP/M=-86 1is an operating system developed for use on a
single INTEL Corporation 86/12A microcomputer. CP/M 1is
supplied with a number of built-in utility commands as well
as transient utilities such as the assembler (ASME6.CMD) and
the Dynamic Machine Language Program Dedugger (DDT86.CMD).
These are described 1in detail 1in Digital Research
publications. [(Refs. &4 - 6]

The CP/M operating system itself 4is modularized to
permit easy adaption of CP/M to any hardware configuration.
The three modules are the Console Command Processor (CCP),
the Basic Disk Operating System (BLOS) and thas user
configurable Basic Input/Output System {BIOS). The first
two modules are supplied by Digital Research as a single hex
file entitled CPM.HS6. This file contains all the code
necessary for processing commands entered at the
console and for handling all 1logical file and disk
management functions. The source code for a skeleton RBIOS
is also provided which the user can alter to suit ials
individual hardware reguirements. Once the BICS has ©been
modified, {t 1is assembled and then concatepated with
CPM . H86. The resulting hex file, CPMSYS.HE6, 1s converted

to an executable file by the use of the CP/M utility program

15
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- ' 1. USER BIOS.A86 ==)> ASMB86.CMD ==> USER BIOS .H86
%i 2. CPM.HE6 + USER Bl0OS.HB6 ==> PIP.CMD ==> CPMSYS.HE6

3. CPMSYS.HE6 ==) GENCMD.CMD a=> (PMSYS.CMD
(£28@ CODE[A402])

4. CPMSYS.CML ==) PIP.CMD ==) (CPM,.SYS
(rename on newv disk)

Figure 2.1
Steps for Creating CPM.SYS

GENCMD.CMD. Finally, this file is renamed CPM.SYS and placed
on a diskette for use. This process 1s shown in Figure 2.1.
Details concerning the operation of GENCMD.CMD, LDCOPY.CMD
and PIP.CMD can be found in the "CP/M-86 Operating S3System
Guide”. [Ref. 6]

CP/M-E6 supports programs vwritten in three memory

models: the 8082 Model, the Small Model, and the Compact

Model. All three memory models are described in detail in
Reference 5. The model used in this thesis is the 8282
ii Model because 1t supports programs which have code and data
areas 1intermixed and which normally have single segments of

64K bdbytes or less.

:‘.v‘ ey

r 3. LOADING CP/M-86
The file CPM.SYS is too large to fit onto the first two
tracks of a normally-formatted diskette, Thus, a boot
t‘ loader must be placed on these tracks and loaded into memory
E: by the cold start loader. This boot loader program will
L
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then bdring the main CP/M operating system into memory and
pass control to it.

The loader program i{s distridbuted by Digital Research
in three separate médules and is basically a sudbset of the
entire CP/M system. The modules are the Loader C(Console
Command Processor (LDCCP.H86), the Loader Disk Operating
System (LDBDOS.H86), and a user configurable Loader Basic
Input/Qutput System (LDBIOS.A86) which is almost identical
to the system BIOS. The primary differences deal with the
physical memory location of the loader, the interrupt
structure and the BIOS offset address within the CP/M
system. Assembly of the loader BIOS is controlled bdy a
conditional assembdly switch provided in the skeleton BIOS,
which 1is 1listed ia Appendix E of Reference 6. The steps
needed to obdtain a loader BIOS are essentially the same as
for creating the CPM.SYS. The exact steps are shown {in

Figure 2.2,

1. USER LDBIOS.A86 ==> ASM86.CMD ==> USER LDBIOS .REE

2. LDCCP.d€6 + LDBDOS.HE6 + USER LDBIOS.IB6 ==> PIP.CMD
==> LOADER.Hoc6

3. LOADER.H86 ==> GENCMD.CMD ==> LOADER.CMD
(8080 CODE [A490])

4. LOADER.CMD ==> LDCOPY.CMD ==> LOADER.CMD
(load on tracks @ and 1)

Figure 2.2
Steps For Creating Boot LOADER.CMD

7
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C. BOOTSTRAPPING THE 1SBC 86/12A

From the monitor of the 1SBC 86/12A, the CP/M system
loader program located on tracks @0 and 1 of the disk, can
be accessed via the bdootstrap or cold start loader program.
This program is located in ROM or EPROM on the iSBC E6/12A
board itself. Thus, for each separate device from vhich the
system is to be booted, a new cold start loader program must
be written and then burned into ROM. PFinally, this ROM must
he mounted on the {SBC 86/12A doard where it can be accessed
by the monitor program.

Currently, two cold start loader programs are availabdle
for the 1SBC 86/12A. One allows the system to be booted
from either the single or double density Intel MDS floppy
disk drive system by executing the command GFFD4:2 from the
1SBC 86/12A 957 monitor program. Wwhen this command 1is
executed, the program in tne ROM will go out to tracks @ and
1 of the floppy diskette and attempt to bring into memory
the CP/M system loader program. Once loaded into memory,
the cold start loader will then transfer control to the
loader which in turan will locate the CP/M system (CPM.SYS;
on the disk and load it into memory. Finally, the system
loader will relinquish control to the CP/M operating system.
The source code for this bootstrap program is 1listed in
Appendix C of Reference 1.

The second program allows bootloading from tne MBB-80

bubble memory device by 1issuing the command GFFD4:4.

18
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Currently this last command can only bde used when operating

[ on the iSBC 86/12A which is labeled #1, as it is the only

computer with an EPROM that contains the cold start loader
for the budble memory. The source code for this program,
wvhich vas developed by Hicklin and Neufeld, can be found in
Appendix D of Reference 2.

This thesis uses the dubble memory to initially bdoot
the system, Therefore, a new cold start loader program or
CP/M system 1loader program did zot have to be developed.
All that s required to change the operating syster that
vill be loaded 1s to place a new CP/M system (CPM.SYS) on
the budbble memory storage device.

The 1loader program placed on tracks @ and 1 of the
budbble memory used for loading the CP/M operating system is
entitled MBSCLDR.CMD. This file is created dy following the
steps 1indicated in Figure 2.2 utilizing MEE@OBICS .AE6 as the
source file with the loader conditional assembly switch set

to true.

D. DISK PARAMETER TABLE
The CP/M-86 operating system as marketed by Digital

Research 1s considered a table driven system since all

characteristics for each I/0 device is placed in & tabdble

called the Disk Parameter Table which can handle up to

RO AA

sixteen separate devices. This table defines the 1logical

organization of the physical storage media for tane BDOS file

e

management functions and must bde included in every RIOS.

16
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A disk definition statement 1is required for each
physical device and consists of a sequence of wvords which
define the characteristics of a device. Tigure 2.3 shovs
the format of a disk definition statement. These statements

are then used to generate the Disk Parameter Tadle by

executing the utility program entitled GENDEP.CMD [Ref 6,

P.72]. The file created dby this program must be included in

DISK DEF: dmn, fsc, lsc, [skf], dls, dir, cks, ofs, (@]

vhere

dn is the logical disk number (@ to 15)

fsc is the first physical sector number (3 or 1)

1sc 1s the last logical 128 byte sector number

skf 1s the optional skew factor

bls is the data allocation bdlock size

dsk 1s the disk size in bls units

dir is the number of directory entries

cks is the number of checked directory entries

ofs is the track offset to logical track @
(normally 2 as track @ and 1 contain the loader)

(8] Ls the optional 1.4 version compatidility flag

X Figure 2.3

Format of Disk Definition statement

- the BIOS using an "include” statement. The file which
contains the disk definition statements for this thesis 1is

labeled CPMMAST.DEF and used to generate a Disk Parameter

X A o db e gun g i

characteristics for the device must bYe Xxnown. This

Table which 1is 1located in the file <called CPMMAST.LIB.
: These two files can bde found in Appendices G and H.
]
5 To create a disk definition statement for the tadle, the
b

! information is usually located in the technical manuals for

20
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the given device. For example, the disk definition
$ statement used for the REMEXI ¥Winchester hard disk wvas:

2 DISKDEF 3,1,156,0,16384,255,128,0,1.

The first 3" indicates that the hard disk is CP/M’s
logical drive number "3" and can bde accessed via the “D:”
command from within CP/M.

The next two numbers correspond to the first and last
logical sector numbers for the Winchester nard disk as seen
by CP/M. The actual physical sectors for the hard disk are
numbdered from 1 to 39, each coataining 512 -bytes. Since
CP/M requires the number of logical 12& bdyte sectors, 39 is
multiplied by 4 to produce 156 logical sectors of 128 bytes.
The actual mapping from the logical to the physical sectors
is accomplished in the bdlocking and dedblocking subdbroutines
located in the code for the REMEX hard disk (RXBEARD.AS6) and
is described in more detail in the Chapter IV,

The REMEX technical manual does not indicate what the
most effectlive skew factor is, thus zero was chosen because
it wvas required by the dlocking and debdblocking routines.
However, an optimal skew ~factor may be determined
experimentally when the REMEX hard disk is used to emulate
the “signal processor” of the AEGIS system. If so, the
blocking/dedlocking routine will have to bde modified at that

time.

1 21
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The “bls” parameter specifies the numder of bytes
allocated to each data bdlock. This numbder can bde 1224,
2048, 4096, 8192, or 16,384. ‘When larger bdlock sizes are
used, each directory entry can address more data. This
reduces thé amount of work that the BIOS must do, resulting
in reduced system response time. Therefore, a bdlock size of
16,384 was chosen.

The "dsk” specifies the total disk size in terms of data
blocks. It is derived by dividing the total bdyte capacity
of the disk by the data block size. In this implementation,
the Winchester disk contains approximately 20 megabytes of
data storage which {s subdivided Detween four separate
neads. Thus 4,193,280 bytes are allocated to the "D:" drive
and thils f%gure is divided by 16,384 to produce 28% data
blocks.

The next figure, 12€, indicates the number of directory
entries that are permitted on this drive.

The “cks” term determines the number of directory items
to bYe checked on each directory scarn and is primarily used
for detecting changed disks during system operations. As
the winchester disk is permanently mounted, a value oi zero
was chosen for this parameter.

ine “ofs” value determines the number of tracks to be
skipped wha2n acca2ssing the disk. In essence, it reserves
tracks for permanent storage. Tracz 2 1s reserved sizace the

Remex requires it for internal system use and errors wiil

22
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occur if an attempt 1s made to access it. On a floppy disk,
this - value is usually two as tracks @ and 1 are normally

reserved for the loader program.

E. THE STANDARD BIOS
The BIOS for CP/M-86 always begins at an offset of 2500
hex from the beginning of the CP/M-86 operating system. At
é this location are twenty-one entry points used by the CCP
2 and the BDOS to gainm access to the BIOS functions. These
b entry points form a jump vector to otier subroutices in the
BIOS which contain the necessary code to interface with each

hardware device.

There are three types of functions in the BIOS: system
initialization/reinitalization, simple character 1I/C ard
disk 1I/0. Several of these functions are normally not
implemented in most microcomputer systems, while others
require extensive and quite different code 1implementations
for each separate device. The BIOS also contains the Disk
Parameter Tables which represent the physical description of
the disk drives. Finally, 1located at the end of the BIJS,
there 1is a scratchpad area for certain BDOS operations.

Figure 2.4 shows the memory map of tme ZIOS.

In order to simply access a diskette, several furctions
located within the BICS may have to be performed. For
. example, to access the directory nf a diskette, the 3RDOS
will require the following functlions to be performed by the

B3I0S: SELDSK, HOME, SETTRX, SETSEC, SETDMA, SxTD™AB and

T Ty .
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e ¢s, DS, BS, SS:
= CONSOLE COMMAND
R PROCESSOR
| P
9! BASIC DISK OPERATING
- SYSTIM

CS + 25008: B10S JUMP VECTOR

CS + 253FH:
BIOS SUBROUTINES

- N M — - g e - G v

DISK PARAMETER
TABLES

UNINITIALIZED
SCRATCE RAM

Figure 2.4
Memory Map of the Standard BIOS

READ. [Ref. 6: p.6€] For each function executed, the BIOS
will have to determine which physical device 1is being
accessed and then jump to or call the subroutine which

contains the code for that specific device. For example,

suppose a simple READ function is required by the BDOS. It
will initiate a call to the 3BIOS READ entry point wcich in

> -
»

turn will vector the call to the READ subroutine. Eere the
BIOS will determine which physical device corresponds to tae
Ei CP/M’s 1logical drive and then jump to tne appropriate code
to read data from that specific device. (See Figure 2.5)
This procedure is very logical and makes it easy for a

{; user to implement his specific device dependent
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cCcPp - .
j====> call to RBIOS to Read Device #2 -=)~—-
BDOS -——- '
Vd v ’
~ Y
|
! BIOS: jmp init
] Jmp write
-——=—=> JMP READ > ,
X i
Jmp wdoot '
]
el <= '
]
H init:
! code for initializing all devices
E ret
]
! write:
' code for writing to all devices
E ret
1
——-——==>~--READ:

determine device

jmp read device #1

JMP READ_DEVICE #2 —-==)-===—-
Jmp read_device #3 |

i

< <-

read_device #1:
code for reading device #1
ret

——— - - -

READ_DEVICE #2:
CODE FOR READING DEVICE #2

A"

RET

read_device #3
code for reading device #3

ret

Figure 2.5
Path of CCP or BDOS Function
Call i{n the Standard BIOS
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code. Howvever, problems arise if tne hardware configuration
must be altered. Everytime the configuration changes, the
code for each function in the BIOS must be rewritten. This
can be a time consuming task. In addition, assumptions made
concerning the 1mp1ementation of one configuraiion may lead
to errors in another configuration should those assumptions
no longer be valid. These errors may alsd be extremely
difficult to locate ard correct since all code s wusually
intermized and the exact order that the CCP and BDOS call

various functions in the BIOS 1s not known to the user.

F. BIOS ALTERATION

Hicklin and Neufeld attempted to develop a table driven
BIOS. In a manner of speaxing they succeeded. However, the
only .devices that are permitted in their device table are
additional Intel MDS double density disk drive systers and
MBB-80 Dbubdle memory storage devices. Attempting 1o
integrate anotaer device such as tkhe REMEX Data Warehouse,
leads to the same problems which were mentioned earlier.

To alleviate these problems, a completely table-driven

BIOS was developed in which only minor and straight-forward
changes would have to be made in order to change hardware

configurations. This was accomplished by extracting out all

!
g

v
v
g
-

E the device-dependent functions of the 2I0S {into separate

v files for each unique device. Specifically, these functions

were INIT, SELDSK, HOME, SELTRK, SELSEC, READ, and «RITE.

i g.v

Functions such as WBOOT are not dependent upon a particular
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device and do not have to bde extracted, while functions such
as PUNCH and READER are not implemented.

In the hardware configuration for this thesis, three
separate files wvere required. These were MBEB@DSK.A86,
RXFLOP .A86, RXHARD.A86. These files each contain the
necessary code to execute the seven device-specific

functions for the MBB-53 bdudbdle storage device, the Remex

]

]
¢s, DS, BS, SS: {
CONSOLE COMMAND |
PROCESSOR '

& H

BASIC DISK OPERATING |
SYSTEM i

]

Cs + 25004: BIOS JUMP VECTCR

CS + 253FH:
BIOS SUBROUTINES

i

i

i

1

i

i

[}

i

i

1

i

i

!
INCLUDE LABEL TA3LES |
INCLUDE DEVICEZ #1 i
INCLUDE DEVICE #2 ]
INCLUDE DEVICE #3 \
1

i

I

i

]

|

{

|

|

i

i

I

i

i

]

1

i

i

i

INCLUDE DEVICE #16

DISK PARAMETER
TABLES

UNINITIALIZZD
SCRATCH RAM

- T s o o e Y T o D o e e N S . i (o Y D D o G D D ey ey D D T S e e o D M - Y T -

Figure 2.6
Memory Map of the Table-Driven BICS
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floppy disk drives, and the Remex hard disk, respectively.
An additional file, CPMMAST.CFG, is also novw required. It
contains tables of labels which correspond to the physical
memory location of the seven functions for each device used
in a given hardwvare configuration. The ladel tables used in
this thesis can be found in Appendix C. Figure 2.6 shows
the memory map of the tadble driven BIOS. In ;he BIOS, thae
assembly  language irstruction “include” is used to
incorporate the 1labdbel tables and device-specific code for
the seven functions {nto the system. .

For example, when a call is made to read Device #2 from
the CCP or the BDOS, the call is vectored as was done before
through the jump vector to the READ sudbroutine of the 3IOS.
Sowever, after determining tae physical device to »be
accessed, instead of jumping directly to the desired code, a
call 1is now mad= to the device specific code located in the
included device’s A6 file via the Read Table which 1is
located in the file CPMMAST.CFG. The final address of the
call 1s determined by the offset of device number into the
Read-Table, which provides the labdel or 16-bit address of
the actual code needed for reading Device #2. (See Figure

2.7,

To alter the hardware configuration, only oze line 1in
the 3I0S must now be changed for each device, that being the
corresponding “include” statement. The other changes which

are required, are located in the label tables and the Disx

2E
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CCP & BDOS ~-—=> call to BIOS to Read Device #2 ~—D——-

< <

BIOS: Jmp init
Jmp vrite

——--=> JMP READ -~—-)>-——-—

Jﬁp whoot

!
]
!
!
N\ v
! !
{
|
™

o
]
|

A
!

init:
call ‘to init label table .
ret

write:
call to write label table
ret

”
-
(=

e

determine device

ret

CALL READ_TABLE [offset device #2] -—=D=——-

|
1
[}
\
f
[}
|
\
I
i
]
H
]
|

- e - — ———— o - l

<
INCLUDE LABEL TABLE
init_tabdle:
labels
write table:
ladvels
READ_TABLE:
read device #1

A

---=——=)> —=—=—~—-—-READ_DEVICE #2-—->----

read_device #3

< o <

N
include device #1
code for seven device specific functions

INCLUDE DEVICE #2
init_device #2
code for initializing Device #2
write _device #2
code for writing to Device #2

>e- READ_DEVICE #2
CODE FOR READING DEVICE #2

Figure 2.7
Path of CC? or BDOS Function
Call in Table-Driven BICS
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Parameter Tables. For each device included in the 3IOS,
there must bYe a corresponding labdel for an abstracted
function. These 1labels must be correctly ordered and
properly identified. Naturally, when hardware is
implemented into the system for the first time, the initial
code for performing the seven device-specific functlions must
be written. But once written, the new device can be added
or deleted from the operating system with very 1little

effort. The fact that all code for each device is completely

v >
B e Ty
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KR . .
P Y B

independent of other devices, aids in detecting, 1locating
and correcting errors. Actual experience has shown that

once the code for a device has bdeen written, goling from one

nardware configuration to another can be accomplished in

under tvently minutes.
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A. GENERAL HARDWARE CONFIGURATION

The bhardwvare configuration wutilized 1in
consists of four 1SBC 86/12A Single Board Computers, a MBB-

8¢ Bubbl-Board, a 32K byte common memory board, and the

REMEX Data VWarehouse memory storage device

Interface Card Assembly. The components are

compatible and were placed in an 1CS-8@ Industrial Chassis

for system operation. PFigure 3.1 depicts

hardware configuration. Table 3.1 describes the logical-to-

physical mapping Ydetween the CP/M representation of the

system and the actual physical hardware.

with Multidus

| 32K COMMON ! ! BUBBLE ! ! REMEX !
! MEMCRY ! | MEMORY ! ! INTERFACE !
11! - ----TT--- 11
[} 11 [ ]
1t [ 1)
[} [ ] 11
| MULTI- 3US !
T [ ] T ] l_--- 11 ‘I-T~-
() [ ] 11 [ ]
] [ ] [ ] [ |
11 () [ ] t
i is¢3 | | isc3 | | 4sC3 | ! isC® |
| 86/124 | | 867124 | | €6/12A | | 86/12A |
Figure 3.1

Physical Eardware Configuration
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Table 3.1
Logical Eardware Configuration

CP/M’s Logical | Actual | Actual
Device Numbver ! | Physical Device

: |
] ]
' ]
| |
E ¢ E : i MBB-8@¢ Bubble Memory :
i V< ]

' 1 E : E Remex Floppy Disk Drive E
! 1= 1 t
' 2 E C: i Remex Floppy Disk Drive !
: e -1 |
d 3 ' : ! Remex Bard Disk Head 2 |
' - ] i
i 4 i E: ! Remex Hard Diskx Head 1 E
1 - ittt e = T 1
' 5 ! : { Remex Hard Disk Head 2 |
] ) - —— | ]
1 i ] . ]
h 6 i G: { Remex Hard Disk Head 3 !

B. INTEL 86/12A SINGLE BCARD COMPUTER

The Int2l 1SBC 86/12A Single Board Computer is a complete
computer system constructed entirely ou a single Multibus-
compatible circult board. It is designed to operate as a
standalone system, a bdus master in a single dus master
system, or a bus master in a multiple bus master system.
The board itself contains an Intel €06 16-bit
microprocessor, 64K bytes of dynamic RAM memory, 16K bdytes
of EPROM memory, bdoth serial and parallel I/0 ports, a
programmadble timer and interrupt controller, and a Multidus
interface controller.

Onboard RAM memory is located detween @ and dfffFfh and
the EPROM Dbdetween FFC20h and FFFFFh within the 1-Megabdyte

address space available to the Intel &¢E6 microprocessor.
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If the local processor attempts to address memory outside of
these ranges, a Multibus access will result. The ondoard
RAM is dual-ported, and therefore is accessible to the local
processor via an internal bdus, as well as, to any external
Multibus master via the Multidus. In this latter case, the
onboard RAM 1{s operating in the RAM-Slave mode. Any
collisions that result when the RAM 1is simultaneoﬁsly
accessed by the local CPU and the Multibus are resolved by
hardware in favor of the local CPU.

While the 1location of RAM relative to the 1local
processor 1is fixed between @ and FFFFh, it can be switch-
and- jumper configured into aay 128K segment of the 1-
Megabyte address space relative to the Multibus. In
addition, mnome or all of the onboard RAM, in segments of
16Kk, may be reserved strictly for local CPU use. Since the
major odjective of this implementation was to produce a
CP/M~-based multicomputer system 1in wvhich each computer
operates totally independently of the others, each 1iSBC
86/12A was configured to make all of the onboard RAM

inaccesidle to the Multidus.

C. MBB-80 3UBBLE MEMORY STORAGE DEVICE
1. Geperal Description
The M3B-80 Bubbl-Board is a complete dubdble memory
storage device designed to be compatible with all 8- and 16-
bit microcomputers that utilize Intel’s Multidus

architecture, The 9doard consists of eight (8, TI32223
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dbubble devices and the necessary control, bduffering, and
Multidbus interface logic. The host CPU interfaces with the
MBB-€0 <controller via memory-mapped 1I1/0 utilizing any

sixteen (16) consecutive user-defined addresses within the

-Y:T’va*v——vv EECI
DOATERTMEE LN S - e e
. ‘ .
b
K
',
"

1-Megabyte sSystem address space. These sixteen (16)
addresses correspond to the sixteen (16) registers ir the
bubble memory controller that are utilized in support of the

following controller primitive commands:

Fill Buffer Read Multiple Pages
Empty Buffer Initialize

Write Single Page Read Status

Read Single Page Enable/Disadble Interupts
Write Multiple Pages Reset

Read and write operations with the MBB-8J are
accomplished by specifying a particular bubdle device number
and page number (18 bdytes) to read from or write to. The
MB3-8¢ <controller provides the ability to ~ead or write in
either a single- or multiple-page mode dy using a bdyte-bvy-
byte transfer into a FIFO bduffer located on the MBB-8J bdoard

itself. The single-page mode can be implemented in a

straight-fowarq manner without the need for addtional

L
-
"
V-
r.
»

supporting hardware or software, However, the multiple-page

¥ v
-

mode requires that certain timing requirements must bde
adhered to by the host CPU when communicating with the MBB-

L &¢ controller. During a data transfer, the host must
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respond to {interrupts generated by the MBB-89 every 160
microseconds which signal the completed transfer of one byte
of information in a multi-byte transfer. These {nterrupts
can be generated on the Multibus and handled bdy the
Programmable Interupt Controller (PIC), or the host CPU can
poll the controller interrupt register (offset 2fh) to
determine 1if an interrupt has occurred. The' single~ and
multi-page polled modes wvere implemented by Hicklin and
Neufeld [Ref. 2]. The final version of their system
utilized the multi-page polled mode and tais vas
subsequently employed in this implementation.
3. CP/M-86 Compatibdility

In order to effect a data transfer, the MBB-80
controller must bYe given a device and initial page number to
locate the position where the data will be read from or
written to. On the other hand, CP/M uses a track and sector
number to access data during a disk access. Therefore, a
mapping must be made from the CP/M tracg and sector number
to MBB-83 device and page numbers if the CP?/M operating
system is going to be used to access data on the MBB-80
Bubbl-Board. Hicklin and Neafeld [Ref. 2] decided to use
the bubble page numder as the smallest addressabdle unit for
each 4d4ata transfer and the bdasis for the MBB-E¢ memory
organization. Since each physical dubddble page is eighteen
(18) bytes long, a logical CP/M sector of 128 bdytes consists
of eight (8) bubble pages of which the last sixteen (16,

Y A CN Sy Y WO G W G Y VST S R . Sy
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bytes on the 1last page are not used (i.e. wasted).
Therefore, the 649 bubble pages per device are mapped- into
80 logical CP/M sectors'per device. Futhermore, it was
decided that each MBB-80 "track” would comsist of 26 sectors
which corresponds to the numder of sectors per track omn a
normally—-formatted single-density floppy d4isk. Another
design decision was that all MBB-82¢ tracks would be
completely contained on a sirgle bdudbble device. Since there
are 26 CP/M sectors per track and 8@ sectors per bubble
device, this results in three (3) tracks per bubddle device
with two (2) sectors not used or wasted on each device.
Therefore, based on these design decisions, tae total
capacity of the MBB-8@ Bubbl~Board 1is 78K bytes on 24 tracks
(6 devices x 3 tracks per device) with a total of l4x bytes
wasted. Hicklin and Neufeld’s final memory organization for
the MBB-80 is shown in Figure 3.2. Dispite its
inefficiency, this configuration was adopted for this
implementation since the principal function of the Dbubbdle
memory 1is to provide a conveniznt method of dooting CP/M-86
on our master iSBC 86/12A. Hammond [Ref. 3] has shown that
there is a more efficient way to organize the MBB-80 in his
wors on utilizing the MBB-80 as a snared resource in a
multi-microcomputer system, However, this would have
necessitated the design ani implementation of a new

bootstrap loader vprogram to be placed in the 1SBC 56/12A
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D. REMEX DATA WAREHOUSE
1. General Description

The REMEX Data Warehouse is a mass storage memory
unit containing a <fixed Winchester disk drive, two (2)
flexible diskette drives (single- or double-sided), and a
microprocessor controller that services all drives. The
memory capacity of the fixed disk is approximately 20
megabytes and the flexible diszettes can be formatted to
contain up to two (2) megadytes of storage. IBEM standard FM
encoding 1s wused for the single density floppy diskette
while MFM encoding {is utilized for the doubdle density
diskette and the hard disk.

The fixed disk is a 14 inch enclosed disk utilizing
Winchester technology and 1is composed of two recording
surfaces. Each surface has two (2) recording heads which
can each access a total of 213 tracks. Each track can

contain up to 24K bdytes of information. However, oaly 210

tracks can be referenced for normal read/write operations.

The bhard disk sector size is switch-selectable to either
128, 256, 512, or 1224 bdytes per sector. The total storage

capacity for the varlous sector sizes is shown in Table

r
A
r
3

3.2. In addition, the floppy diskette controllers are also

switch~selectable to handle either single or doudble densit
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Table 3.2
REMEX Hard Disk Sector Selections

| Sector Size | Sectors/Track | Capacity |
i 128 | 104 | 10.7M bdytes |
' 256 : 67 | 14.4M bytes |
L s12 | 39 | 16.8M byte;--{-
! 1024 ! 21 ! 18.1M bytes |

The REMEX Data Warehouse (RDW) 1is designed to

e R

transfer all data and command structures to and from the
bost computer via direct memory access (DMA). To initiate a

RDW operation, the host computer builds a command packet

T

within 4its 1local memory. This packet contains all the

information necessary to effect an RDW operation. The host

then sends the address of the command packet to the kKDW via
an interface doard utilizing programmed I1/0. When the RDW

is ready to accept packets, 1t inputs the command packet via

DMA, performs the required function, and transfers any data

4

' via DMA. When tke function is complete, the aDW indicates
l

: this by noting it in the command packet status word or by
E‘ Zenerating an interrupt on the Multidus. Packets <can be

s queued in the RDW up to a maximum of eight.
Some other important features of the RDW include:

-- Dynamic data dufferiag (2K x 16 0oit bduffer)
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allows a continuous transfer under varying CPU
conditions.

~- Dynamic buffer protects against data overrun and
underrun preventing loss of data without host
computer intervention.

~—- Allows data transfers in large bdlocks of up to
64k words with a single command. Heads are
automatically advanced as necessary.

~-- Automatically seeks to track(s) required 1in
command packet.

—-= Permits chaining packets together in
noncontinuous memory.

-- Ability to format entire disk with a single
command .

--Automatic verification and assignment of

alternate tracks to cover bad tracks.

Crezanjization

a)
(oY

2. Command

([
(124

ck

The bYasic structure of the command packet is shown
in Figure 3.3. Word @ is composed of a modifiers section, a
function code block , aad a logical unit section. The
function code dlock specifies which of the six (6)
particular REMEX functions 1s to be performed. These
functions are Read, V¥rite, Write ID and Record, Copy,

Format, and Maintenance.

4@
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Bit Numbder
15 ' 8 7 43 2

word O

Modifiers d Function | Logical Unit |

! Status Word d

NN e

: Figure 3.3
ﬁ ‘ Command Packet Description

A program in the RDW interprets the function number

and determines how many words are required for each specific
command packet. The modifiers section contains information
on packet ckhaining, program control interrupts, disadbling of
error routines and an "end” marker which specifies a single
packet or the last packet in a packet string. The logical
unit can be either 4, 1, or 2. A zero always correspoands to
the hard disk. Jowever, the floppy diskette drive can be
operator-configured to respond to either logical unit numbdber
1 or 2. This i1s accomplished by the LCevice Logical Unit
Switch located on the front panel of the RDW.

The status word {s divided 1into the least
significant bits (2-7) and the most significant bits (E-15).

Back of the 1least significant bits, when set to 1),

41
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. Table 3.3
REMEX Error Codes

! Bit No.

Description i

Normal Completion ;

Not Assigned

Controller BError

Drive Error i

CRC Error '

Illegal Packet

Bad Track During Format

Not Assigned !

represects a particular status which is indicated in

3.5

Bits 8- 15 represent the hex code that corresponds

Table

to

the =2rror definitions given in Table I-6 of Reference 7.

Words 2

through N are function dependent and the

number of words per command packet varies widely bdetween RDW

operations.

In the version of CP/M developed in this thesis,

only the Read/Write function are implemented and are used to

access and transfer data. However, additional wutility
programs were written which utilize the other functions to
format the hard disk (RXPORMAT.CMD) and to execute the
ouilt-in maintenance programs (RXMAINT.CMD) of the RDV.

The format of the Read/Write packet is shown 1in
Figure 3.4. The description of these two overations s
identical except that in a read operation a one {1; {is
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Bit Numbder
15 ’ 8" ’ 4 3 0

Word @ ! Modifiers ! Function | Unit |

] Status Word ]

! Track Number |

-

| Head Number ! Sector Number !

' Memory Address of Data (16-bit) f

i ] Ext Memory Addr Bits !

- -

! Transfer Word Count (# of 16-dit words) |

o U ¢ LN -

Flgure 3.4
REMEX Read/Write Packet
placed in the <function code dlock of packet word 3 and for
a vwrite operation a two (2) is used. Both operations are
permitted in bdlocks of up to 64X words. Any head switching
or advancing which may be required 1s automatically
performed Yy the RDW disk controller.

RDW track aumders are assigned from 1 to 218 for
normal data transfer operations. Track 9 is always reserved
for a 1loader or system program and can not d»e addressed
during 4 normal read or write operation without generating
an error. Presently, the hard disk is formatted for 512
bytes per sector which corresponds to 39 sectors per track.
Head numbders for tne four RDW heads run from 4 through 3.
Tata addresses are a 24-bit representation of the 20-bit
address structure supported by the iS3C 86/12A and Multibdus

architecture. The transfer word count is the number of 16—
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bit words that are to be tramsferred. For accessing the
hard disk, a transfer word count of 1¢6h was placed in the
packet duilt dy CP/M. This figure corresponds to a single
sector (512 bytes) or 256 16-bit words on the hard disk,
which 1s equivalent to the CP/M-86 Operating System view of
512 8-bit words.
3. Multibus Interface Card Assemdly

The command packets are sent to the RDW via a
Multibus Interface Card Assembly. The interface contalns
all the necessary buffers, registers and control 1logic
required for the transfer of data, status, addresses and
commands between the REMEX Data Warehouse and the {53C
86/12A Single Board Computer. Tne interface operates in both
a programmed I/0 mode and a DMA mode. All data, status, and
commrands are transferred by DMA, while packet addresses and
the interface Command/Status information are transferred via
programmed I/0. During these transfers, the Multibus
Interface acts as a bus master in the DMA mode and as a bus
slave in the programmed I1/0 mode [Ref. 8&]. Hegisters are
provided for data, packet address holding, and DMA
addresses. A DMA address counter (20 o5its) allows memory
addressing of up to 1-Megabyte. Control logic for DMA, Ddus
timing, interrupt control and device address selection |is
also provided. Selection switches are available to alter

the interface base address, interrurt priority level, and the
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DMA throttle which governs how long the interface must wait
between DMA transfers.

In the programmed I/0 mode of operation, the
Multibus Inteface responds only to I,0 port addresses.
Switches, as mentioned adbove, are used to set the Ddase
interface port address. The standard addresses for the
Command/Status Register are port address ' d')] (least
significant bdyte) and port address 271 (most significant
byte). The standard addresses for tae Packet/DMA Register
are port addreses 3272 and 273. A more thorough description
of the contents of these registers is given in Table 3-2 of
Reference 7.

The IMA Throttle Select 1s used to select the number
of Multidbus accesses that must be completed between
consecutive DMA transfers by the Multibus Interface. A
selectable range of 2-15 transfers 1s provided. The standard
is 1 host Multibus cycle between interface DMA cycles. This
is contrary to the explanation given in Section 2.3.3 of
Reference 7. In this section, the DMA throttle is presented
in terms of "numbder of processor cyles instead of Multidus
accesses.

4. (ommapd Packet Izecution

To execute an operation contained in a command
packet, the host computer must first test the Packet Address
Ready Flag (port 97@) which indicates whether the RDVW 1{is

ready to accept and process command packets. If tahls flag




is set (1), the host loads the extended address bits (bits

17-2¢) of the command packet 1into the Command /Status

H

L

; Register (port a70). Then the 1least sigaificant bdyte
followed by the most significant byte of the 16-bit address
E of the command packet must be loaded into tae Packet/DMA
,I Register (ports @72 and 473 respectively). This sequence
must be followed exactly because once the most significant
L b>yte 1s loaded into port 273, the interface board signals
!] the RDW that the address is complete and ready to be
|

transferred.

Upon receiving this signal, the RDW will read the

address which was placed in the ports of the interface
board, fetch the command packet located at that address, and
perform the operation specified in the function code Dbdlock

of the packet. #hen the operation is complete, an eantry is

made into the commard packet status word (word @) indicating

* the success or faillure of the operation.

E. ICS-80 INDUSTRIAL CHASSIS
The 1CS-8d Iadustrial Chassis consists of four (4. four-

slot {SBC 504/614 Cardcages, four fans, a power supply, a

Py

control panel and a 19" RETMA (Radio-Electronics-Television
Manufacturers Association) -compatidle chassis. The control

panel <consists of an on/off/locs key switch, interrupt and

RAe i (4 ko o e o

reset pushbuttons, and halt/pwr on/rum LED’s.
The development system was designed to support a modular

E microcomputer-based system, Any combipnation of plug-in
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modules which are- Multibus-compatible may bde installed
including single bdoard computers, memory expansion boards
and peripheral interface boards. The 15BC 604 Cardcage can
accomodate four (4) 1SBC circuit boards and has an external
plug which allows additional iSBC 614 Cardcages to be added
to the chassis. The laboratory system used in support of
this thesis 1s composed of a single 1SBC 624 Cardcage aad
three (3) 1SBC 614 Cardcages which allow a total of 16
circuit doard slots. These cardcages comprise a backplane
assembly that conforms to the Intel Multibus specifications
and provides slots for both Mutibpus master and slave boards.
The master slots are odd-numbered and the slave positions
are even-numbered for easy reference.

A master board is one which is capable of acquiring and

controlling the Multibus, while a slave board can only be

Y

referenced Yy commands on the Multidus (i1.e. memory
expansion boards). The 1CS-80 Chassis can be used with
raster boards operating 1in either a serial or parallel
priority resolution scheme. In the serial mode, Multibus

access contention is resolved dy the bdoard placement within

Gl A iaBaBAR e e oo

the cardcage. However, an external priority resolver

v

network 1{is required to implement the ©parallel opriority

scheme., 1In this implementation, a random priority network is

[ gl o A g s g

used to arbitrate the coatentions for the Multidbus. Most
importantly, one of the abdove priority resolution schemes

{ must bde implemented or the interaction among the 1SBC Hjoards
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in the cardcages will not be correct. For further

information consult References 9, 19, and 11.
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A. INITIAL EFFORTS
1. Program Development 3ystem
During the 1initial stages of this thesis, it was
planned to expand the work done by Hicklin and Neufeld [Ref.

2] to incorporate the REMEX Data Warehouse memory storage

unit. They nad developed a reconfigurable “tadle-driven”
E CP/M-86 BIOS that supported the MBB-8@ Bubbl-Board and the
. Intel 1222 doubdle-density floppy disk coantroller. It was
' initlally believed that other I/0 peripheral devices could
be easily included in this BIQOS with a minimum of effort.

within the proposed development system, the MBB-83 would

serve as the principal storage medium for newly designed

programs and would provide an easy method of Yooting Bicklin
' and Neufeld”s CPM.SYS within the iC3-8@ chassis.

Bowever, this development strategy had several
deficiencies. Utilizing this hardware/operating system

conflguratior, program development would de limited to the

RS B SOt R RO

MDS or i1CS-E0 systems and the CPM-86 utility programs which
they supported. Presently, the only compatibdle text editor

available is the text editor distributed Yy Digital

v

Research, ED.CMD. This editor is very primitive, extremely

hard to use, and completely unsatisfactory for extensive
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program development. Therefore, an alternative development
system was required.

It was decided to use the WORDSTAR text editor on
the MP/M Multi-user System to create the needed softwvare

programs. This system provided several advantages over the

MDS system. First, WCRDSTAR offers functions which would

significantly increase productivity and allow errors to be

f guaickly corrected. Second, MP/M-compatible versions of ASM~
? €6 and GENCMD utilities would enable programs to be written,
:. assembled, corrected, and coaverted into executable CMD
é; files prior to their transfer to the bubble memory. Third,
i since the MP/M system is a multi-user system, it did not
i; present the availability problems associated with the
éi single—-user systems such as MLS.

Ultimately, this software development scheme also

proved to ©be unsatisfactory, as numerous steps nhad to be

taken to move an assembled program from the MP/M system to
the MBB-8€ board. Since only MP/M and MDS single density
diskettes were compatible, assembled programs first had to
be transferred from the MDS single density system to the MDS
doudble density system using the laboratory utility program
SDXFER.COM. This required that the MDS doudble density system
be configured with an Intel &@82 processor. Once the
program was transferred to a doudble density diskette, tae
MDS double density system had to be reconfigured for wuse

with the MBB-2Z bubdble board and aa 1SEC E6/12A. After

58
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reconfiguring, the program could now be transferred from the
doudle density diskette to the buddble memory. At this point
the ﬁBB-eﬂ was physically moved to the 1CS-80 chassis.
Finally, the operating system could be loaded and the
program executed under DDT&6.

Besides being time consuming, the above process
monopolized much of the laboratory’s equipment. Thuas, if
the equipment needed to make the transfer was iz use,
program testing could not bve carried out. However,
initially, 1t was the only method available and therefore
bad to be employed.

2. Terify M3B-82 Operation

The objective of this section was to verify the
proper operation of the CPM.SYS developed by Eicklin and
Neufeld. The double density MDS system was configured with a
single 1SBC €6/12A (#1), the MBE-&¢ duhble memory, and the
1282 Floppy Disk Controller. The system was successfully
booted from the 957 Monitor ir accordance with the
procedures gslven ino Reference 11 bdy executing the command
GFFD4:¢. However, the budble memory could not bde accessed
asing any of the CP/M duilt-in commands. fter inspection
of the 3I0S, it was evident that the firal version of the
C2/M-€6 BIOS submitted did not support the MBB-£9.
Therefore, the CPM.SYS had to be reconstructed.

The files DKPRM.DEF and CCNFIG.DEF were first

checked to ensure that the desired hardware configuration

-----
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was accurately reflected in the Disk Definition Tables, the
Disk Tabdles, and the Bubdble Tables. Once this was completed,
the file MBBIOS.A86 was reassembled and was then
concatenated with CPM.E86 using PIP.COM. The resulting aex

file was then converted to an executable CMD file and

renamed CPM,SYS.

pf To ensure that all possible errors were avoided
; prior to system initialization, t was decided to reformat
!' the MEB-Ed4. The program MBeOFMT.CMD was executed, insertinge

839¢h as the MBB-83 controller base address. Once

formatted, the CP/M loader program MRB8@LDR.CMD was placed on
tracks @ and 1 of the MBB-8¢ utilizing tne LDCOPY.CMD
utility. The reconstructed system was booted and functioned
normally.

3. Modificat he BIOS for Use in the 1CS-€2

[
[[o]

n of

tee

As envisioned 1in the program development process,
new programs would be transferred to the MDS double density
system using a labdoratory utility program. These programs
could then be placed oun the MBB-E9. The MBE-8£ would thnen

have to ©de physically moved to the 1CS-83 chassis. 3y

entering the command GFFD4:4, CP/M-86 could be dooted and
the programs executed under CP’M or TDT86.CMD. Zowever,
since the MB3-80 would be the sole memory storage device in
- the 1CS-82 chassis, a new modlfied 3I0S 1nad <o be

corstructed.
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The changes that needed to dbe made were located {n
two ma jor areas of the BIOS. First, the file DEPRM.DEF which
contained the disk definition statemeats for each logical
CP/M disk drive had to changed. The number of logical
devices was changed to 1 and the disk definition statement
for the MBB-80 was entered as CP/M logical drive & (Drive
Az) indicating“fhat the MBE-8¢ was tae only "drive” in the
system. The other changes were made to the Disk and 3ubdbdle
Tables contained in the file CONFIG.DEF. Eicslin and
Neufeld had created these tadbles to identify whether CP/M
logical drive numbers where either MBB-8@ devices or 1232
controllers. These tables would support any hardware
configuration of MBB-8@°s and 1202 contollers up a total of

16 disk drives (maximum for CP/M). Eowever, other peripheral

'devices such as the REMEX Data wWarehouse could not be

supported as was initially velieved.

Once these change< nad been made, the BRICS was
reassembled and used to create a rew CPM.STIS which was
placed on the bduddble memory. It was subsequently tested and
it functioned normally.

4. REMEX Low-lLevel Routines

Concurrently with the worz oa the MBB-8¢, low—-level
read/write routines were written and executed wnich accessed
the REMEX Data Warehouse memory storage unit. This work was
accomplished on the 1CS-82 chassis usiag an 1S3C 86/12A

single bdoard computer and the REMEX Multibus Interface Card

N
(&)

" 0
---------------------
...............




Assembly. At first only the most primitive operations were
verformed, since there was 1o permanent memory in the
system, Using thé S57 Mon;tor program, small programs were
executed to examine the various values contained in tae
interface status registers. Once the new MBB-80 CPM.SYS was
available, more comprehensive programs were writtemn which
could build command packets, transmit command paczet
addresses to the interface d»card, and checx the packet
status word for functlon completion. The dasic logic of tiae
read/write functions was discussed in greater detail 1in
Chapter 3 and the logic diagram is sanowh in Figure 4.1.

A command packet was built which would write a very
simple set of characters to a particular head, track, and
sector aumber of the REMEX rard disx or a trackx and sector
number on the floppy diskette. Using DDT&E6.CMD, the commana
packet was then altered to produce a read operation whica
would retrieve the previous message from the RDW and write
It to a selected wmemory address. LDTE6.CMD was also
extensively wused to monitor packet construction and memory
content. WwWith each successful transfer, larger blocks of

data were transferred uatil it was <corcluded that tne

operations were being correctly performed. Although some
progress was made, the program turn-arouand time resulting
from the lack of an adequate development system definitely

impeded further progress.
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RD¥ Read/Write Logic
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S. Tadle-Driven BICS

The development mechaaism that had been used up to
this point was tedious and time-comsuming. The time
required to repair errors discovered while'working on the
iCS-8@0 was too excessive to support cohesive program
modification. It also decame evident that the concepts used
oy Hicklin and Neufeld in the development of their BIOS were
not sufficient to meet the odbjectives of this thesis.
Although it was presented as a model for a very flexible
system, the BIOS actually only supported MRE-8C Dbubdble
memories and 1282 floppy diskette controllers. Inclusion of
additional peripheral devices would have required major
modification to the 3I0S. Furthermore, even 1if these
modifications were made, each time a device was added or
deleted from the system, the code within the BIOJS for tiae
individual function calls would have had to be changed. The
many 1inconveniences of the program development procedure
coupled with the limitations of the Hicklin and Neufeld
approach 1in a varying hardware environment necessitated a
new BIOS design strategy.

Eammond [Ref. 3] had ideatified that certain device
specific code could be extracted from the core of the R®IOS
without affecting function operation. This was accomplished
%y indirectly vectoring EIQOS calls to the proper sudrcutires
via a taole of labels. Hammond had extracted the READ,

WRITE, and INIT BIOS functions and constructed the
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appropriate tables 1in a separate file named CONFIG.DEF.

This file was then assembled with the BIOS by means of an
“include” statement.

Next, leat us examine the REAL function in greater

detail to see exactly how this BIOS works. Figure 4.2

contairs the code for the READ function inm the “core” BIOS
for a hardware configuration consisting of an 12¢1 TFloppy
Disk Controller.
read:
xor bx,bx
mov bl,unit
add bx,bx

call readtyl [bx]
ret

Figure 4.2
Table-Driven BI0OS Read Code

This ~controller supports‘ two floppy disg drives
which correspond to CP/M logical drives @ and 1. This
correspondence is set up in the Disk Definition Tables. Also
prior to the BDOS call to the 3BIOS READ function, the
desired drive number has been stored in a RIOS variable
called "unit”. The value of “unit” is first placed in the
"b1” register. Next, it is doudled since each label in the
read _table represents the 16-bit address of the device-
specific read functions. A call 1s 