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ABSTRACT

The pxarpose of this work was to design and imple

ment the software required to utilize a hardware inter

face between a PDP-11/34 mini-computer and an Imsai

8080 micro-computer. The interface was designed and

bxiilt by Andrew Wang at The University of Tennessee

(Wang, 1978). The computers used were located in the

University's mini-lab in the South College building on

the Rnoxville campus.

The interface built by Wang was parallel and

as3nichronous. A pair of control and data registers on

each computer afforded the data link. On each system,

transmit and receive operations were done through this

same register pair. This put some limitations on the

software capabilities. Software to make use of this

interface through the computers' operating systems had

not been developed previous to the current work.

In order to produce the needed software, it was

necessary to first xanderstand the two operating systems

involved, Unix on the PDP-11 and CP/M on the Imsai.

Once the author had become familiar with both systems

and the interface, the operating systems were modified

to accommodate user programs which might use the capabi

lities of the cross-computer interface. Finally, a

floppy disk system was designed and implemented.

•  •
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This system uses the interface to send floppy disk

format data from CP/M to a Unix user program. The

Unix program maintains a set of disk files which simu

late the CP/M format disks. Use of this system is

relatively transparent to the CP/M user. Such a system

was suggested in Wang's write-up of the interface. The

software was also designed to give future users the

ability to create new applications for the interface

with a minimum of trouble.



PREFACE

This paper attempts to describe changes made to

two operating systems in order to implement a computer-

to-computer interface. The interfacing of computers

is still a young field. The importance of this area

of computer technology to computer applications of

the future is becoming more apparent. As distributed

processing, computer networks, and intelligent indus-

machinery, to name a few applications, become

more prevalent, the need for an understanding of soft

ware such as this paper describes will become more

important to the average programmer. This is reflected

in the recent trend toward the study of operating

systems in academic curricula (Coffman and Denning,

1973, p. xi).

A major portion of the time taken in completing

this project was devoted to reading and understanding

the operating system code for Unix and CP/M. Therefore,

the first two sections are overviews of the relevant

^•ttributes of these systems. These overviews are by

no means exhaustive analyses of the code, but are aimed

at providing the reader with sufficient understanding of

the systems to grasp the work entailed in the completion

of the project. The remainder of the sections describe

iv
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the stages of software development. The appendices

contain the actual code that was written.
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CHAPTER I

OVERVIEW OF CP/M OPERATING SYSTEM

The CP/M operating system was designed by Digital

Research for use with micro-computer systems utilizing

an Intel 8080 or Zilog Z-80 microprocessor. CP/M is a

general purpose operating system providing users with

extensive facilities for program development and

implementation.

The main task of CP/M, as with any operating sys

tem, is to provide the user with easy access to the

particular system's resources. The operating system

is closely linked to the disks used on a system and

maintains a sophisticated file system. The bulk of the

operating system activity is done by the memory

resident code loaded at boot time. This resident code

is logically divided into three distinct sections.

These are the Central Command Processor (CCP), the

Basic Disk Operating System (BDOS), and the Basic I/O

System (BIOS). These three sections interact hierarchi

cally, with CCP at the highest level, that is the level

closest to the user, and BIOS at the lowest level. Each

section will be discussed separately later.

At any given time, CP/M is "logged into" one of

the system's disks. The currently logged system is the

default source for all file references made by the user.
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Files other than those on the logged disk can be

referenced by preceding the file name with the drive

name followed by a colon To change the currently

logged disk, the name of the drive to be made current

is entered at the console followed by a colon and a

carriage return.

In addition to the three sections of CP/M mentioned

earlier, there is a Transient Program Area (TPA) where

files residing on a disk can be loaded and executed.

There are separate areas in the TPA for non-resident

system routines and for user programs.

CCP is concerned with accepting input, from the

console device and interacting with the user through the

console. Commands to CCP are actually the names of disk

files to be executed in the TPA. The file system

assumes certain conventions in the names of disk files,

and CP/M supported utility programs observe these con

ventions. For example, the CP/M assembler utility

progrffln, ASM, accepts an argimaent that is assumed to be

the name of an assembly language source file. The

extension .ASM is then appended to the input string and

the referenced disk is searched for this file. ASM will

not assemble a file with any other extension but .ASM,

since it does not search for any other files but .ASM

files. Similarly, only files with the extension .COM

^^11 be loaded into the TPA and executed. The .COM
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extension is automatically appended to executable files

by the loader utility program, LOAD, before the file is

written on a disk.

When a command is entered to CCP, the current disk

is scanned for a file with the extension .COM. If the

file is found, it is loaded into the TPA and control is

passed to the start of the executable file image. CCP

also accepts five internal commands as input. These

commands provide file manipulation services and status

information on disk files.

Thfi file activities which CCP provides to the user

are carried out by BDOS and BIOS. These two sections

of code are frequently referred to collectively as FDOS

and can be accessed from a common entry point.

BDOS is concerned with maintaining and utilizing

the file systems on the system's disks. File maintenance

centers around the File Control Block associated with

each file. The FCB for a file is stores in the disk's

directory and loaded into a memory location within the

operating system code when the file is accessed. The

FCB contains the file name, its size, and fields used in

performing I/O on the disk file.

BIOS contains all the routines which actually per

form I/O in CP/M. Entry to the various device driver

routines is attained by way of a jump table, a list of

jimp instructions to addresses inside the BIOS code.
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These addresses are the start addresses of the driver

routines. When a driver routine finishes execution,

control is returned to the calling program. This means

that user programs can access BIOS directly if the

address and sequence of the jump table is known for the

particular CP/M system. This address will vary on

systems with different memory sizes.

Data transfers in the 8080 microprocessor are done

through one of 256 I/O ports. These ports are device

independent. Any control necessary to accommodate the

characteristics of a particular device must be handled

by the device driver in BIOS. Control is normally

achieved by having one or more ports dedicated to con

trol and status operations for the device. Data is

through a separate port. A simple device,

such as a console, needs only one control and status

port, while complicated devices may need several control

and status ports. For example, a disk controller

requires five ports, one each for 1) output of the hard

ware command to the controller and input of the controller

status, 2) output of the requested track number, 3) out

put of the requested sector number, 4) input and output

of data, and 5) input of the wait status of the con-

during hardware operations and output of control

signals to the controller. Ports 1) and 5) above are

bidirectional, as is the data port.
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The early 8080 microprocessors, including the

processor in the Imsai system used in this project, do

not possess interrupt capabilities. Therefore, the

BIOS driver routines must continually monitor the

status of a device port to determine when an I/O

transfer has completed or can begin. Some devices,

specifically disk drives, are sufficiently fast that a

short delay period can be used to wait for status sig

nals from the device. These delays must be implemented

in software of course. Most peripherals require that

the driver routine sit in a loop, testing some status

condi'tion until the desired value is returned from the

device. This approach would not work in a time-sharing

operating system, since the CPU would be tied up con-

tintially waiting for I/O completion, depriving other

executing tasks of CPU service. However CP/M is a sin

gle user system and the CPU is dedicated to a single

executing task.

BIOS is designed for easy modification. Although

the code must be modified in assembler language, reas

sembled, and patched into the rest of CP/M with utility

programs, the use of a jump table in accessing driver

routines demands that particular drivers reside in

*^istinct sections of code. This provides a certain

amount of modularity and localization to BIOS as

a whole, so new drivers can be inserted into
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BIOS with little danger of affecting the operation of

existing routines.



CHAPTER II

OVERVIEW OF THE UNIX OPERATING SYSTEM

The Unix operating system was developed by Bell

Laboratories for use with DEC's PDP-11 series of mini

computers. Unix incorporates some unusual concepts

which separate it from most available operating systems.
Although the main tasks of the operating system are no

different from other systems, i.e., file management,
CPU management, and I/O coordination, several

features used to implement these tasks are unique to
Unix.

Almost all of Unix is written in the C programming
language, also developed by Bell Laboratories. A few of

the lower level operations within Unix are written in

assembler language due to the dependence of these

operations on the particular machine being used. This

part of Unix is different for the PDP-11/40 and below

series and the PDP-11/45 and above series. Access to
I

the assembler routines is transparent in the rest of

the Unix code due to the C language's ability to directly
reference assembled location names just like C function

names. The function is the basic C unit of executable

code, to be discussed later.

The C language affords the structured facilities

of high-level languages such as PL/1 or Pascal while

7
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allowing access to machine level activities in the

manner of assembly language. The C compiler gives the

programmer an unusual degree of freedom in manipulating

variables which reference memory. This makes C a

powerful tool for operating system.construction since

addresses can be directly accessed and manipulated

within a framework of high level mnemonics and structured

programming techniques.

The heart of Unix is the file system. The entire

file system can be viewed as a rooted tree, with

directories as non-terminal nodes and non-directory
files as leaves. At the base of the tree is a

directory called the "root." The root contains the

addresses of more directories, from which every file in

the system can be accessed. Any file in a directory
may itself be a directory. Non-directory files, or

text files, are all treated the same; no format or

size restrictions are placed on these files except the

availability of space on a particular device. One

group of nondirectory files (the special files), does

have special attributes, which will be discussed later.

To access a given file in the tree, it is only

necessary to name all the directories in the path from

the root to the file. If the current directory, that

directory which the user is currently using, is in the

path, the directories from the root to the current
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directory may be omitted from the reference. The

directory names in this path are called the "pathname"
of the file. A pathname is formed by concatenating the

directory names with slashes ('/'), in descending
order left to right. The root is referenced by a

single slash, so any file referenced from the root

has a pathname preceded by a slash. For example, given
a file named "text" in directory A, A in directory B,

B in the root, the pathname for text would be /B/A/text.

Several important files reside off the root direc

tory. One of these files is the "unix" file containing

the operating system code which is loaded and executed

at boot time. Several directories in the root contain

frequently referenced system files, some for internal

system use only and other services. One very important

file in the root is the directory "/moxant." The root

directory resides on the system device, also called the

root device. Any file not on this device must be

referenced through /mount. This directory contains

entries for all the currently mounted devices. Some of

these devices are mounted at boot time; others may be

mounted by the user via the "mount" system call. Each

entry in /mount points to the root directory for that

device. Once a device is mounted, the root directory
and all directories below it fit into the tree structure

like any other directory descending from the root.
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Probably the most imusual feature of Unix is its

approach to I/O operations. All I/O appears at the

higher levels of Unix and to the user as being done on
a file, regardless of the actual device being accessed.

A read or write on a disk file in a user's directory

space is done with the same system call as a read or

write on a teletype or a tape drive. This is accom

plished by distinguishing between standard files, those

containing textual or directory data, and special files,
which are associated with peripheral devices. Special

files are entered into a directory off the root called

/dev." There is at least one entry in this directory
for each peripheral device, including the root device.

Special files are indicated by a unique bit pattern in

the directory entry.

Associated with each special file are a pair of

integers uniquely identifying the device. These are the

major and minor device numbers. The major device number

may be thought of as identifying a particular class of

devices. For example, all RK05 disks on a given system
may have the same major device number, while all RLOl

disk drives would have another major device number.

The minor device number uniquely identifies a single

device. On a system with four RK05 disks and three

RLOl disks we might have a major device number of 2 for

the RLOl's. The individual RKOS's would then have minor
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device niimbers from 0 to 3 while the individual RLOl

drives would have minor device numbers from 0 to 2.

A major/minor device number pair of 1/2 would uniquely

identify the third RK05 drive, while 2/0 would uniquely

identify the first RLOl drive.

Devices are further divided into character devices

and block devices, the difference again indicated in

the "/dev" directory entry. Block devices generally do

I/O in blocks of 512 bytes while character devices

transfer data one byte at a time.

Actual I/O in Unix is performed by sets of functions

referred to as device drivers. A given device driver

contains all the code needed to perform I/O on that

device. The drivers incorporated into a particular

Unix system will depend on the hardware configuration

of that system. Two tables within Unix provide access

to the device drivers associated with each major device

number, one table for character devices and another for

block devices. A given device can have separate drivers

to perform both character and block I/O; disk drives

will frequently have drivers for both modes of I/O.

Before explaining the mechanics of the I/O system

further, it may be helpful to explain some properties of

the C language. In C, the basic unit of program

stiructiire is the function. A function would probably

be called a subroutine or a procedure in another language.
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When a function name is encountered in a C program,

the routine is executed and the results and returned

values are effective from that point on in the program.

C is very flexible about where a function name may

appear; a function name can be passed as an argument,

or a function can be executed within the test portion of

an "if" or "while" clause. Functions can even be

executed in the argument list of other fimctions, the

returned values then serving as the actual arguments

to the outer nested level function.

The address of a function, or a variable, can be

taken by preceding the fxmction or variable name with an

ampersand ('6e'). The value thus formed is the actual

resident memory location associated with that mnemonic.

Conversely, when a variable defined as an address, such

as an array or pointer variable is preceded by an

asterisk ( * ) the value formed is the contents of that

memory address. These two forms of addressing mnemonic

values can be nested; specifically, a function name

which appears preceded by an ampersand can be executed

by preceding that reference by an asterisk. This means

that a function can be executed without the fimction

name actually appearing in the line of source code

is to be executed. This can be achieved by

setting a pointer variable to an address which contains

a function name and then preceding the pointer name by

an asterick and enclosing the entire reference



13

within parentheses. When this construction is encoimtered

in the course of execution, the function named in the

location pointed to by the pointer variable will be

executed exactly as if the actual function name appeared

in the source code line. For clarification, assimie that

a variable "fp" points to some address containing

the value "&func," where func is the name of a properly
defined function. Then the construction

(*fp)0;

will cause func to be executed. The second set of

parentheses are the argument list delineators and iden

tify the construction as a function name rather than a

variable name. The semicolon is the standard C expres
sion terminator.

Further flexibility in accessing memory locations

within C programs is attained by use of structures. A

structure in C consists of a list of variable identifiers

which can be addressed as a unit. Each identifier in

the structure retains its position relative to the other

members of the list, that position being dependent on

the size of the variable identifiers preceding it in the

structure. The structure name is concatenated with the

member name by a period ('.') or a dash followed by a
right arrow ("->"). The construction

struct meta {

integer alpha;
character beta;
integer gamma;

} table
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a structure with three elements - alpha, beta,

and gamma. "Table" is defined as the name of a structiire

which can be referenced with these menber names. To

reference a character which is located one integer

length past the address of "table," the construction

table, beta

or

table -> beta

can be used. Structure references can be nested. Given

another structxire definition

struct metamore {

integer theta;
struct meta;

} supertable;

the same element referenced above can be referenced as

supertable.meta.beta

supertable->meta.beta

or other constructions formed with the period and right

arrow.

The capabilities of C described above give some

idea of the programming flexibility available with C.

It is possible to write code which is easily understand

able with C, and it is equally possible to write

extremely cr37ptic and convoluted code. (Unix contains

both.) The purpose of this overview is to describe

relevant features of Unix, so C will not be examined

in greater depth here. The above discussion should
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provide sufficient background for the understanding of

Unix I/O.

As stated above, there exist two tables which

provide access to all Unix device driver routines. The

entries in these tables are addresses of driver functions,

Unix maintains a complex set of structures which are used

to reference various system tables. One of these

struct\ires is called the "i-node" structure. It is a

template used to access the contents of a directory

entry. Every active file of any kind at a given time

has its own uniquely numbered i-node. The i-node itself

is a system maintained table which contains all the

information needed to do I/O associated with the file.

When a file is not active, the i-node resides on the

device of the file in a system table called the i-list.

Each i-node is uniquely identified by an integer pair,

the first being the major and minor device nximbers

concatenated and the second the number of the i-node

within that device's i-list. This value resides in the

directory entry for the file.

When an I/O request is made for a file, the major

device number is extracted from the directory entry by

means of a structure reference and used to access the

appropriate driver function within the appropriate

system driver table. The character device driver table

contains five entries for each major device number.



16

These are the addresses of that device's open, close,

read, write, and special service functions. The last

function is used to set or retrieve status information

on terminal devices. The block device driver table

contains four entries for each major device number,

the addresses of the device's open, close, and I/O

strategy routines and the address of a table used to

maintain buffer control. The strategy function performs

all physical I/O for the device. The sets of table

entries in each table are also referenced by a struc

ture unique to the table. These tables and the

associated structures are the only means of access to

the device drivers from within Unix.

When I/O is requested on a file, a field in the

file's i-node is checked to see if the file is a

special file. If so, this.field designates it as

character or block I/O type. This information is used

to get a pointer to the proper driver table. The func

tion required for the I/O is then executed by con

structing its name out of structure member references.

The major device ntjmber serves as the member identifier

of the correct set of drivers in the table, and the

system call identifies the member of the sub-table

containing the function address. Control passes im

mediately to the function whose name has been constructed

and the I/O is carried out. The minor device number is
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passed to the driver for whatever use the driver

requires.

From the user point of view, I/O is always done in

connection with a file descriptor which is returned

after a valid open request. This file descriptor is a

unique integer for each file opened by the user process.

Unix accesses the i-node associated with the file by

way of a process table unique to each user process.

The table contains a list of open i-nodes for the

process, saved in the same order as the file descriptors

maintained by the user.

I/O for non-special files is done the same as for

special files except that there is more overhead involved

for non-special files. This is due to the need to cal-

block number of the file on a device. Block

I/O is more complicated than character I/O in general,

because of the code needed to maintain buffers.

Another feature of Unix which is relevant to this

paper is the connection between processes and terminal

devices. Processes, like files, can be viewed as a rooted

tree, with the boot time process at the apex. At boot

time, a single process sets up the system tables

necessary for future processes and takes control of the

system's resources. All other processes are formed as

offspring of this system process by means of the "fork"

operation.
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When a process forks, a duplicate image of the

original process is formed. An image can be thought

of as all the elements in memory which give the

executing process access to system resources. This

would include such things as register values, table

pointers and contents, and the state of various control

variables. During time-sharing activities, the image

of a swapped out process is what is written out to the

swapping device. After a fork operation, control is

passed to the new process. Associated with each process

is a process identifier, or process id. This identifier

will be zero for the child of a fork operation and non

zero for the parent of the fork. By examining the

process id, a process can tell if it is the child or
I

parent of a fork. This is important since the images

of the two are identical after the fork occurs.

During system initialization, a process is created

for each terminal or time-sharing device on the system.

The terminal devices are entered in a file named /etc/

ttys. The entries consist of three characters oer

terminal device. The first character places the terminal

in a change-of-command chain in the event that the system

console is not available and control must be passed to

another terminal. The second character designates a

table to be used in setting the initial status and

characteristics of the device for I/O. This information
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IS put in a table by the program "gtty," the terminal

initiation program executed by each terminal process
after the process is created. The third character is

the identifying character for an entry in the device

directory,/dev. The corresponding entry in /dev has a

name of the form "tty:?," where x is the same as the

character in the /etc/ttys entry.

After the "gtty" program has set the terminal

characteristics, it issues a read to the device. T'Jhen

a user enters a character string to the terminal, "gtty"

checks the characters to determine whether the terminal

is upper-case only, what the end-of-line character is

for the device (carriage return or linefeed), and what

the line-kill and erase characters should be. Then the

login program is executed. When a user logs in

successfully, control passes to the "shell," the user

monitor program which provides execution and maintenance

services to the user. Once the "login" program begins,
the process associated with the terminal lives to serve

time-sharing users until a reboot is done.



CHAPTER III

DESIGN CONSIDERATIONS FOR INTERFACE SOFTI^ARE

Having discussed both the Unix and CP/M operating

systems, we are no\f ready to examine the software modi

fications made to these systems to accommodate the

micro-computer interface.

A central concern in the design of any operating

system software is to provide the user with as much

service as possible with a minimxm of difficulty to the

user. The file structure and I/O mechanics of Unix

are aimed at making access to all system resources as

similar as possible from the user's point of view. CP/M

is a less sophisticated monitor program and therefore

less transparent to the user, but the goal of easy user

accessibility to resources is still evident. The task

of any operating system is largely to relieve the user

of the burden of managing system resources, leaving the
programmer free tn develop applications programs

without worrying about the low-level control of the

particular system's peripheral devices.

In designing the device drivers on both operating

systems, the major concern was with making access to

the interface facilities as transparent as possible to

the user. Several difficulties were encountered in the

design process. A major constraint on the design was the

20
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fact that the Imsai system has no interrupt capabilities,

Therefore, request for services must always originate

from the CP/M side of the interface. A related problem

was the need for a process within Unix to service the

requests from CP/M. As previously noted, every process

in Unix must come from a fork of the original system

process. These children are all created in association

with entries in the "/etc/ttys" directory. Although

the Unix initiatlization program assumes that these

^®vices are terminals of some type, no check is made

on the major device number, driver, or anything other

than the ttyx format of the device name. Since all

system reads are identical within user programs,

including the initialization programs, login, and the

shell, the actual device to which the process is con

nected can be any device which is properly accounted

for in "/dev" and in either the character or block

device driver tables.

Given the above restraints - only CP/M can request

service and only terminal devices are associated with

Unix user processes - it seemed quite convenient to

make the CP/M interface appear as a terminal device

during Unix process initialization. The physical

characteristics of the interface used are unique,

however, and could not be handled by any of the standard

terminal interface drivers. Therefore, a new major
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device number was assigned to the CP/M interface and

entered into the device directory "/dev" as "ttym,"

the "m" seeming appropriate for a micro-computer inter

face. The driver, named MC in accordance with DEC and

Unix prejudice toward two character driver names, was

designated as a character device driver and the names

of the driver functions were entered into the character

device driver table. The fact that the CP/M interface

is not a terminal device at all is of no consequence to

Unix, since all I/O operations are controlled by the MC

driver functions.

The major consideration in designing the MC driver

functions was determining the nature of the data to be

passed between the two systems. The necessity of

attaching the interface to a terminal user process had

definite constraining implications. The standard ter

minal drivers in Unix all use a set of higher level
f

functions to perform modifications on the terminal

input. Many characters are interpreted as escape

characters and are not directly transferred to the

user process. This is done by placing each line of

input from a terminal device on a raw character list

until a new-line character is encoxmtered. After a

line is entered, the raw list is transferred into

a canonical list in which all special character inter

pretations and substitutions have been completed.
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This new list is referred to as "cooked" input. The

cooked input is then passed to the user process. The

standard Unix user service programs and the shell expect

all input to be in cooked mode and act on it accordingly.

One application of the interface would be to use

CP/M as simply another time-sharing device. In this case,

the standard Unix terminal functions could be used to

interpret input lines from CP/M for use by the shell

and user programs. Accommodating the interface driver

functions to the higher level functions which turn raw

input into cooked input would be an easy enough task.

However, the immediate application desired was for a

virtual disk system serving CP/M. This requires a

approach to input, since a CP/M user must be

able to write and read any character on the virtual

disk without modification or interpretation. Further

more, it would seem that restricting a micro-computer

system with CP/M's capabilities to serve as a non-

terminal to Unix would be a short-sighted

waste of resources. In short, having an entire

computer system serve as a terminal to another computer

system defeats the purpose of a computer-to-computer

interface.

After considering the above set of circumstances,

two alternatives emerged which would allow the interface

to serve as both a timesharing terminal to Unix and as
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a true data link with interpretation of the data left

to user programs on either side of the interface. One

alternative involves use of the Unix "stty" command,

available to users. This command allows the user to

set the mode of input transmission from cooked mode to raw

mode. After setting a terminal to raw, input is passed

to the user process as it is entered at the device,

without modification. To use this option, CP/M would

first have to send the command "stty raw" followed by

a carriage return to Unix. Then data transfers could

proceed in raw mode xintil CP/M sent the command "stty -raw"

followed by a carriage return. Then input transmission

to the Unix user process would revert to cooked mode.

Consideration of this alternative raised an im

portant point. Since CP/M is actually a user of Unix,

at some point a CP/M program must login to Unix and pass

the name of a desired application program or request some

monitor service from the shell. These commands to Unix

could either come from inside a CP/M user program which

contained the command strings in ASCII, or they could be

entered at the CP/M console, interpreted by a user pro

gram, and then sent to Unix. Most of the interpretation

done by the Unix terminal functions in turning raw input

to cooked input is for the benefit of the terminal user

and of little consequence to the user process. When a

user is entering input lines from a terminal it is
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advantageous to have back-space and line-kill characters

to correct mistakes made at the terminal keyboard. But

given the facilities available to the CP/M user, it would

seem more efficient to have the majority, if not all, of

the commands sent to Unix originate in CP/M user programs.

Once the CP/M program is written there would be no need

for Unix to scan the input list for error-correcting

characters. Furthermore, it would be a simple task to

write a CP/M user program which interprets the CP/M console

input and sends it to Unix in cooked mode, allowing the CP/M

user to use Unix as any other time-sharing user.

It was decided that this second alternative would

give the CP/M user maximum flexibility in accessing Unix

resources. The user could utilize the CP/M terminal

simulator program to login to Unix as a standard user and

develop a desired application program to handle whatever

input was to be transferred. Then the program could be

run either by passing the program name via the terminal

simulator or by including transfer of the program name

at the beginning of a CP/M application program which in

teracted with the Unix application program. Once the

programs had begm execution on both sides of the inter

face, all data transferred would be in raw mode and the

programs would be free to interpret the data in any way

desired.
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The decision was made to keep the Unix MC driver

code as simple as possible. Specifically, it was de

cided that the driver should perform no interpretation

on the input from CP/M. Although the first alternative

stated above, that which utilized the Unix "stty" command,

would achieve the same ends as the second alternative,

the second approach seemed more justified in terms of

the overhead to Unix. The majority of the data trans

ferred across the interface would most probably be asso

ciated with applications programs and not data sent for

the purpose of time-sharing \mder Unix. This approach

places the burden of data interpretation during time

sharing service on the CP/M system. CP/M is a single

user system in which time constraints are of significance

to only one user. Unix is a time-sharing system which

must service several users simultaneously, and the added

overhead of passing all CP/M input through an extra set

of functions, although small, would affect all the users

on the system.



CHAPTER IV

DIAGNOSTICS AND SOFTWARE TESTING

After the initial design of the software on both

sides of the interface had been completed, several

stages of diagnostics and testing were carried out.

The initial diagnostics were aimed at verifying proper

functioning of the interface hardware. These tests were

made while the PDP-11 was down due to a disk problem.

Two simple CP/M programs were written, one to test the

transmission functions and one to test the receiving

functions of the interface. Control of the interface

from the PDP-11 was done from the operator console. For

the Imsai-to-PDP transmission test, a CP/M program gen

erated ASCII characters one at a time and sent them to

the PDP-11. The values received on the PDP-11 Unibus were

then checked by entering the control register and data

register addresses into the console address register

and examining their contents. This was done for the entire

character set. All values transmitted were correct. For

the PDP-to-Imsai transmission test, a CP/M program was

written to read one character at a time from the interface

and display the character on the CP/M console. Data was

passed from the PDP-11 by entering the data into the

interface data register from the operator console and then

27
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entering the value into the interface control register

to set the interface "run" bit. This test was expedited

by first loading the lowest octal value which represents

a printable ASCII character into the interface data

register and then incrementing the data register to

generate successive characters. This test also demon

strated correct transmission of all characters sent.

During the above described testing phase, it was

fomd that the "error" status bit on the PDP-11 con

trol register was being set after two consecutive Imsai-

to-PDP data transmissions. This finding had two impli

cations. First, the error bit could not be utilized by

the Unix driver software to reliably detect errors. Second,

referring to Wang's dociamentation of the interface wiring,

it was observed that the interrupt vectored to location

154 would be generated when the error bit and "enable

interrupt" bits were both set. This meant that the 154

interrupt facility could not be used.

After demonstrating that the interface was capable

of reliable data transmission, the next step was to create

a version of Unix which would allow access to and control

of the interface for software testing purposes. This

entailed modification of a number of Unix system files.

First, it was necessary to place the names of the inter

rupt handler functions in the locations to which the

interface interrupts had been vectored through the M1710
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board. Unix sets these vectors at boot time by loading

a file called "low.s" into the low address segment of

memory. This file is an assembly language file. Introduc

tion of the new vectors was done by setting the location

counter to the vector address with the PDP-11" ."(address) "

facility. Then the address of another location defined

in the file was inserted, followed by the processor

priority to be loaded upon occurrence of the interrupt.

The location pointed to by the address at the vector

location contains a call to the actual interrupt handler.

The "low.s" file was modified to transfer control to

functions "mcilSO" and "mcil54" upon interrupts vectored

to locations 150 and 154 respectively. The interrupt

vectored to location 150 is an asynchronous interrupt,

controlled solely by handshaking operations. The in

terrupt vectored to location 154 was designed to occur

whenever the "interface done" bit was set in the interface

control register. However, this interrupt was rendered

unusable, as discussed previously.

The next step in creating a test Unix system was to

provide a separate set of files for use at boot time.

This was accomplished by creating a new directory, "/mc,"

with modified versions of the files' "init" and "ttys."

Normally, these files are referenced through the directory

"/etc." A new "ttys" file had to be created with the

entry for device "ttym." Since this device is not accounted
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for in the present Unix installation it was necessary

to provide access to the new file for the test system

only. The "ttys" file is read by the "init" program,

so it was necessary to provide a separate version of

"init" in the "/mc" directory which would reference

the new "ttys" file. To complete the installation of

the test system, it was necessary to change the "main"

system function, which is executed as Unix is being

initialized, "main" executes the "init" program to

start the system processes. The name of the "init" pro

gram to be run is hidden in a table of integers in "main."

The integers are actually a. string of ASCII characters

represented in integer format. The modification entailed

encoding of the new character string, "/mc/init," into

integer format and inserting it in the table in place of

the "/etc/init" reference.

The changes to "init" and "main" would be temporary

since a production environment incorporating the interface

would reference the standard "/etc/tty" files with the

new terminal entry.

The next stage of creating a Unix test system was to

make a new bootable file in the root directory. This

file was named "mcunix." An archive file is a group of

files which can be maintained and manipulated as a single

file. Unix system source files are kept in two archive

files. A test MC driver was written and inserted in the
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Unix source archive file called "drivers." One of the

archive files is called "system" and contains those

system files which generally do not change from one

installation to the next. The program "main" is in this

file. The other archive file is called "drivers" and

contains the files which are specific to the hardware

configuration of an installation. To add a new driver,

the driver source file is sinq)ly archived into the

"drivers" archive file. To generate a new Unix system,

the two archive files are compiled and loaded along with

the assembler files "low.s" and "m40.s" or "m45.s," de

pending on the PDP-11 being used. "m40.s" is used for

series PDP-11/40 and below while "m45.s" is used for series

PDP-11/45 and above. Another file, "config.c," contains

the character and block device driver tables discussed

in the Unix overview section. This file is compiled

and loaded along with the others to create a new bootable

Unix file.

A test driver was written and inserted in the "mcunix"

bootable file. To test the driver, simple user programs

were written for CP/M and Unix. The CP/M program accepts

characters from the console and sends them to Unix until

a rubout character is encoimtered in the input, at which

time a null character (octal zero) is sent to Unix. The

Unix program reads files from the interface and writes

them into a file. When a null character is input, the Unix
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program exits. Initially, the Unix login program is

waiting for a read system call to return. Therefore,

the first characters entered to the CP/M program must be

a valid user name and password, if required. This logs

the CP/M user onto Unix. Then the name of the desired

program is entered, which the Unix shell then executes.

After the program starts running, test data can be en

tered to the CP/M console.

The running of these test programs revealed a problem

with the interrupt fxmctioning of the interface. The

first time the interrupt bit was set by the CP/M program,

the interrupt was generated on the PDP-11 unibus as ex

pected. However, subsequent attempts to generate the

interrupt failed. Further testing.revealed that by re

setting the Imsai system from the console and rebooting

Unix, the interrupt capability was restored but for only

a single interrupt.

Referring to the documentation produced by Wang on

the interface hardware, it was observed that if the 154

vectored interrupt is selected for transmission on the

M1710 board, the 150 vectored interrupt cannot be gen

erated, due to the wiring of the circuit. The 154 in

terrupt select signal can be generated by the "error"

signal, which was known to be spuriously set after one

data transmission, but the 154 interrupt select signal

also required that the "interrupt enable" bit be set on the
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interface control register. This was not being done by

the Unix driver software. However, the coincidence of

these findings strongly suggested that the malfxmction

in the error signal was connected to the once-only

interrupt capability of the unibus.

Examination of the test routines used by Wang to

verify proper functioning of the interface hardware re

vealed that this condition would not have been revealed

by the tests. The interrupt vectored at 150 was used

once in each test. Subsequent data transfers were con

trolled by testing the done status bits on both the PDP-11

and the Imsai within program loops. This was a feasible

approach xinder the test circxmistances, since stand-alone

assembler language routines were used on the PDP-11 end

of the test, and time-sharing constraints were not in

volved.

These findings cast sufficient doubt on the reliabil

ity of the interrupt generation circuitry to abandon the

use of interrupts in the software. Although this develop

ment was a temporary setback, it could not be considered

sufficient cause to abandon the project. In production

environments, it is not at all xmusual to discover that

existing hardware is unsatisfactory for the required

application, and, given time and financial constraints,

the programmer assigned to completion of the application

may very well be forced to make the best of the situation
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at hand. If replacement of malfianctioning hardware is not

feasible, the programmer must find a way aroiind the problem.

Fortimately, the facilities within Unix afforded

another possible approach. This alternative was to treat

the interface as a handshaking device with no interrupt

capabilities. The implementation of this approach on

single user systems such as CP/M, which must rxm on hard

ware which lacks interrupt capabilities, would not be

acceptable on Unix. CP/M, as discussed earlier, relies

on loops to monitor the status of peripheral devices.

This requires continuous control of the CPU until the

loop terminates. Unix is a time-sharing system which must

be able to service several users simultaneously, and allow

ing system device drivers to control the CPU in this

manner would deprive users of access to the CPU, essen

tially locking up the entire system except for one device

driver.

Unix provides two system facilities which make the

no-interrupt handshaking approach to the interface soft

ware possible. These are the "sleep" and "wakeup" sys

tem functions, which are used together, and the "timeout"

system function. The "sleep" function enables execution

of a process to be suspended in association with an ar

bitrary memory location, provided as an argianent to the

function. The process id of the suspended process is

placed on a list associated with that memory location.
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along with a priority, also passed as an argxment.

The "wakeup" function is passed a memory location as

an argument. All processes in the list connected to

the location are scheduled for execution at the requested

priority, with execution proceeding from the point imme

diately after the last "sleep" request. These two system

calls are extensively used in connection with interrupt

driven devices. A high level routine usually goes to

sleep on the head of a character list used to accumulate

input or output data for the device. When an interrupt

occurs, the lower level interrupt handler wakes up the

higher level process, usually after the character list

has been filled or emptied to some predefined limit. The

high level routine then handles the passing of data up

to the user process. This was the scheme originally used

for both input and output handling in the interface

driver code.

The "timeout" system fimction allows a process to

schedule a fimction to be run after some time interval

has elapsed. The time interval is passed as an argument.

Execution of the function requesting the timeout continues.

The handshaking operation was implemented by having

the low level character read and write routines schedule

a function after signaling the beginning of a data trans

fer. The character transfer functions then go to sleep,

awaiting completion of the data transfer. The function which
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was scheduled with the timeout begins execution after

an interval which should allow sufficient time for the

data transfer to complete. This function wakes up

the sleeping character transfer fimction, which then

tests the status of the interface to see if the trans

fer is complete. If it is, control is passed to the

higher level read or write routine for character manipu

lation in conjunction with the user program. If the

transfer has not completed, the sleep/wakeup cycle is

repeated until completion. In the case that the Imsai

stops sending data, this cycle continues indefinitely

with no harm to the rest of the Unix system, outside of

the added overhead of rescheduling the functions from

time to time.

Although this implementation incorporates more over

head than the interrupt approach, due to the constant

requests for Unix system process manipulation, it was

found to work acceptably with the test programs. Determin

ing the exact period of time required to complete a data

transfer would take a considerable amount of testing, but

if this interval could be narrowed down to the approximate

time elapsed in a single transfer, the user would be ser

viced as efficiently as any other time-sharing user on a

high speed terminal device. Other time-sharing users are

not disproportionately slowed down by the operation of

this software because all the functions involved are
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scheduled for execution and do not simply grab the CPU

from an already executing process.



CHAPTER V

MODIFICATIONS TO CP/M SOFTWARE

It was decided to provide the CP/M user with two

modes of access to the Unix interface. The user can •

access the interface either directly by calling the single

character transfer routine in BIOS or by referencing one

of the non-implemented disk drives on the particular CP/M

system. The latter access mode allows the user to treat

the interface as a disk device transferring 128 bytes of

data at a time. The user requests service from CP/M in

this mode exactly the same as if a disk was. being accessed.

In this mode, the user has all the facilities of CCP,

BDOS and BIOS at his/her disposal. This code is intended

for use with the virtual floppy system so certain prelimin

ary setup programs required for that system to work must

be executed if results are expected. Of course, a user

can develop his/her own applications software on the Unix

system to make whatever use is desired of the data passed.

This would require familiarity with a few conventions, to

be discussed later.

The code needed for character transmission across the

interface is relatively simple. Since the interface is

parallel and as3nichronous, the device routine only needs

to place the data byte in the data port and then wait for

completion of the transfer. This entails testing a bit

38
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in the status port until it is set by the software at the

other end of the interface. To receive data, the same

bit is tested \mtil it is set, at which time the data byte

will be in the data port and can be retrieved.

The incorporation of the interface software into

the BIOS section of CP/M entailed several modifications.

Access to the various device drivers in BIOS is done via

a jump table, as previously discussed. When a request is

made for disk I/O, a jump is made to either the disk

read or write code in BIOS. In order to provide access

to the interface, this jump table was modified so that

the j\jmp is made to a section of code which tests the

disk drive being used for the I/O request. The name

of the current disk drive is stored in a common byte with

in BIOS and is set by other BIOS routines. If the disk

being used is an implemented drive, either A or B on the

Imsai system, a jump is made to the standard BIOS disk

routine. If the drive is other than A or B, a jump is made

to a separate routine which uses the interface for data

transfer. Since the routine chosen for I/O is dependent

only on the current disk, the user need only reference a

non-existent disk in a standard command string in order to

access the interface. No further action is necessary.

Using the interface in this way implies transfer of

128 bytes of data, the number of bytes in a CP/M format

disk sector. This section of code was designed specifically
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to be used with the Unix virtual disk simulator program,

discussed in a later section.

The interface driver code in BIOS is divided into

two levels. When the virtual disk facility is accessed,

control passes to the higher level which performs tasks

required for the virtual disk system. This entails first

passing a character to specify whether a read or write

operation is required. The program on the PDP-11 side of

the interface must know the meaning of the character passed.

As currently implemented, a +1 is sent to indicate a

read request and a -1 is sent for a write request. After

the I/O operation has been specified, the currently selected

track and sector are sent to the PDP-11. Both of these

values are set and stored from within BIOS and are assiamed

to be realistic values, being normally set by requests from

BDOS. After the command code, track, and sector have been

set, the driver waits for a return code character to be

sent from the PDP-11. If this character is non-zero, the

routine returns to the caller with the non-zero condition

code. This is for the benefit of BDOS, which interprets

a non-zero return code as indicating an error condition.

The interpretation placed on the perceived error will depend

on what BDOS was trying to do; BDOS does not always correct

ly identify the cause of error conditions. If the value

returned by the PDP-11 program is zero, the driver proceeds

to send or receive 128 bytes across the interface. The
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bytes are taken from or moved into the buffer currently

pointed to by the common BIOS buffer address word DMAADD.

This will usually be the standard BIOS buffer but can be

any location in memory. When the 128 byte transfer is

complete, control is returned to the calling program.

Obviously, the code executed by accessing the inter

face via the BIOS joamp table is very specialized and not

suited to uses other than the virtual disk system. Any

operating system on the PDP-11 which possesses a functioning

driver can use the facilities of this system. However, it

is possible to access the interface without going through

the section I/O routine described above. The section of

code which performs the interface data transfers is very

simple. The location pointed to by the H-L register pair

is used as the source or destination of a single transfer

character, and then control is returned to the calling rou

tine. Any user can use either the character at a time

read or write routines, provided the user knows the address

of the required routine. No check is made on the value of

the H-L register pair or the data byte transferred. By

accessing these low level routines, a user is totally un

restricted in using the interface, making it available

to a much wider range of applications than merely the vir

tual disk system. This is an important asset to both the

P^P"11 and Imsai systems, allowing more advanced usage such

as implementation of shared processing or distributed
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processing facilities. The drawback is that the user

must know the addresses of the required routines, which

may vary if modifications are made to BIOS or if the

memory size of the CP/M system is altered.



CHAPTER VI

UNIX INTERFACE DRIVER

By making use of existing Unix routines, it was

possible to reduce the interface driver code to a min

imum. Since no interpretation of data was to be

done, the code could be very direct and clear. When

a read or write system call is made in Unix, control

is passed to a set of functions which check the validity

of the file descriptor used, locate the proper i-node for

the file, and set an internal pointer in the processes*

user structure to the buffer address passed as an argu

ment in the call. Control is then passed to the driver

associated with the accessed file. The driver which is

called is passed the address of the user structure. The

user structure is a control block maintained for the user

by Unix. It contains the address of the buffer to be

used for 1/0 and the number of bytes to be transferred

before the driver returns. (The user structure contains

many other fields and pointers which do not concern us

here.) The system functions "cpass" and "passe" take

care of byte transfer count and buffer maintenance for

write and read operations, respectively. This is done

through the user structure itself and requires no other

code.
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The driver for the interface contains four high

level functions, read, write, open, and close. The open

function is only needed to set a flag which the write

function uses to determine if the interface is being

used for write operations. The login and shell pro

grams send an output string to the terminal device re

questing user input, "login:" from the login program and

"%" from the shell. Since the interface has only one

control register and one data, register, only one operation

at a time can be using the interface. Therefore, the

driver must be waiting for input data at the time a CP/M

user logs on to Unix. Otherwise, CP/M would be trying

to send a character while Unix was trying to send a

character and neither side would detect the other's input.

For this reason, the write function only writes data

after a Unix user program has opened the interface. When

a user is done with the interface, a close must be issued,

which clears the bit indicating that character output

goes to the interface. After a close and before an open,

all output from Unix is simply ignored.

The read function uses a lower level function called

getmc to pick up characters from the interface. In the

0^181^3.1 design, this was done by sleeping on the status

word until an interrupt occurred. In the final working

version of the driver, the getmc function is called at

even intervals. If getmc detects that a character has
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been sent, it is passed up to the main read function,

which then uses the passe system routine to place the

character in the user's buffer area. The read routine

continues to request characters from getmc until passe

returns a negative value, indicating that the user has

ail the characters requested in the read call. The

write function operates the same way and uses the same

timeout/wakeup fimction for timing purposes. Again, the

write function continues to send characters to the putmc

character transfer function until cpass returns a negative

value indicating the write call is completed.

This driver uses very simple logic and entails a

minimum of overhead under the circumstances. The only

problem encountered during testing was that of logging

out. The Unix routines which produce cooked output for

the user also detect the end-of-transfer character(octal 4)

which prompts the shell to log a user out. This char

acter was not properly handled by the shell with this

driver, since raw input of the end-of-transfer character

to the shell is not interpreted as a request to log out.

The problem was circumvented by having the CP/M logout

routine send the command "login" with no argument. This

causes the shell to log the user out and request a new

login name.



CHAPTER VII

THE UNIX VIRTUAL DISK PROGRAM

As discussed previously, CP/M was modified to accommo

date a virtual disk program on the PDP-11 side of the

interface. The program "virtflop" performs the virtual

disk simulation operations. Use of this program requires

that the CP/M user observe several conventions. A

set of CP/M user programs were written to facilitate

use of the program.

When a CP/M user wants to use the virtual disk facility,

he/she must first rm the "LOGll" CP/M program. This

program takes a user name and password and sends them to

Unix. Presumably "login" is requesting input from the

interface at that time, so the characters sent will go to

the login program and the user will be logged into Unix.

Then the user must establish contact with the Unix virtual

disk program. If the user has no virtual disks on Unix

or desires to create a new one, the CP/M program "CREATll"

is run. This program sends the name of the Unix virtual

disk creation program, "Makedisk," to the Unix shell.

Then "CREATll" accepts a character string from the user

which is sent to "makedisk" and used to create two files

needed for the virtual disk. This is all that is necessary

to define the disks under the Unix program. IThen the CP/M
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user wants to use an existing virtual disk, he/she must

run the CP/M program "MOUNTll." This program sends the

name of the Unix virtual disk maintenance program, "virtflopi"
to the Unix shell, "virtflop" then continues to execute

and perform data transfers until the CP/M user runs the

program "UMOUNTll" which sends a command to "virtflop"

indicating that the interface service is no longer needed,

virtflop" then exits and Unix control returns to the shell.

As with the "makedisk" program, the CP/M program

MOUNTll accepts a character string from the user which

is sent to "virtflop." This string is used as the prefix

for two files and uniquely designates which virtual disk

the user wants to use. The two files are named vvvwyyxxxilnd

and xxxxxxxxxx.dat, the x's being the string of up to

ten characters sent from CP/M. If these files do not exist,

an error condition is returned to CP/M (actually to BUGS,

as described earlier) and virtflop exits. If they do exist,

virtflop returns a zero indicating all is well, and then

enters an infinite loop within which the disk service is

continued until an exit request is sent from CP/M.

files used by virtflop are named by concatenating
the extensions ".ind" and ".dat" onto the string received.

The first of these files, the ".ind" file, is an index

into the second file, the ".dat" file. The index file con

sists of a sequence of track/sector pairs received from

the BIOS virtual disk routines. These pairs uniquely
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identify the sectors of the virtual disk, which are

stored in the data file, ".dat." Indexing is done by

determining an offset into the data file. This offset

is the number of track/sector pairs scanned until the

requested pair is found. This offset is then multiplied

by 128 and used as an offset into the data file. The

data file has no format. The only connection between the

128 byte sectors and the index files is in the offset cal

culation. If a track/sector pair is sent by BIOS which

does not appear in the index file, virtflop creates a new

index entry in the case of a write operation. If a read

operation is in progress, an error is returned. The

sectors in the data file and the track/sector pairs in the

index file are stored as they come from BIOS and have no

other sequential order other than temporal. This simple

approach minimizes the time spent in accessing the files

and serves the purpose.



CHAPTER VIII

SUMMARY

This project was predominantly a study in operating

system modification. It was also a study in compro

mising theoretical design with physical limitations, a

situation which arises more often than not in the world

of computer applications. A system of applications pro

grammer may not always be able to come up with an elegant

solution to a problem. However, as a former co-worker of

the author liked to say, there is a certain elegance to

something that works. The goal of producing software

which would give the user access to the interface facili

ties with a minimum of trouble was, I believe, attained.

The major problem involved in implementing this soft

ware is the shortcomings of the interface. It was found

that powering down the Imsai with the interface connected

caused Unix to trap with an lonknown error condition. This

trap condition can only be remedied by rebooting Unix.

Because of the method Unix uses to update disk file struc

tures, i.e., update information is saved in memory and

written out to disk periodically, the file system is very

vulnerable to such system crashes.

The problem of xmexpected traps and the lack of in

terrupt capabilities on the existing interface could be
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bypassed by using a standard terminal interface. Modifi

cation of the existing software to accommodate a different

interface would not be too difficult. Specifically,

only the low level Unix driver functions, "getmc" and

"putmc," and the low level BIOS routines would need to

be changed. The remainder of the software would be satis

factory.
«

To facilitate use of the CP/M software for single

character transfers it would be nice to have an entry

through BDOS which would provide access to the low level

routines. This would make the interface more transparent

in future applications.

In the virtual floppy disk system, it would be nice

to incorporate a file compressing program to save disk

space taken up by the virtual data files. Such a program

could scan the directory tracks for a disk and remove those

sectors associated with zeroed directory entries. As the

software now stands, deleted files cannot be detected

since CP/M simply zeroes the directory entry and does

nothing to the actual data on the disk.
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APPENDIX 1

UNIX TO CP/M TRANSMISSION DIAGNOSIC

0670 a
0071 a

0061 a

0602 a

*** CRT IH/ODT TEST ***

CSTAT
CDATA
GKBR
CPTR

Eau
EQU

EQU

EOU

70H
71H

1

2

0100 ORG 106H

0100 GD6F01 LOOP: GALL DRIXIR

0103 rE7F
010S GA0866
0108 4F MOV

GPI
JZ

G.A

7FH
8

t SAVE

? STOP OR ZERO
{ GO TO GGP

GHAR

0109 GD3361 GALL GOROT 1 ECHO CHARACTER

010G G30061 JMP LOOP

*** RODTIlfE TO GRAB A GEAR FROM URIX ***

010F AF
0110 D303
0112 DB61
0114 B7
0115 F20FO1

URIXIlf:

ORA

XRA
OUT
IR

A

JP

A  } GLEAR AGGUM
3  ; SELEGT STAT PORT
1  ; REAO IT
t SET FLAGS
URIXIR ; LOOP TIL UPPER BIT SET

0118 3E80
01lA D303
01IG OB01

MVI

OUT
IR

A,BOH
3

1

j SELEGT OATA PORT

; REAO OATA

01 IE 4F
01 IF 3E80
0121 D303
0123 D301
0128 79
0126 G9

MOV

MOV

RET

g,a
MVI

OUT

OUT

A.G

; SAVE
A,BOH
3

1

GHAR

j SERB 11 WAKE UP SIGRAL

0127 DB70
0129 E601
012B GA2701

GONIR: IR

ARI
JZ

CSTAT
GKBR
CORIR

012E 0B71
0130 E67F
0132 G9 RET

IR
ARI

GOATA
7FH

0133 DB70
0135 £602
0137 GA3301
013A 79
013B 0371
0130 G9

GOROT:

MOV

RET

IR

ARI

JZ

A.G
OUT

CSTAT
CPTR

COROT

COATA

013E ERO 100H
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APPENDIX 2

CP/M TO UNIX TRANSMISSION DIAGNOSTIC

i'^ lit IK

A

OIAl^OCTIG GODE - GP/M TO UNIE *****

eiee ORG 100H

ee7F s

*

LASTE EdU 7FH ;  1ST UNPRINTABLE CBAR - CRUBOUT]

eiee GD2E01 GALL INTRll ; GENERATE INTERRUPT
eies GD2401 GALL RDYWT ; WAIT FOR TRANSFER GOMPLETION

eiee

Cl

•

MVI B.21H ; START W/ 1ST PRINTABLE GEAR
eies 3E80 XLOOP: MVI A.80H
eioA D303 OUT 3 i SELEGT DATA PORT
eiec 78 HOV A.B ; GET NEET CHARACTER
eieo FE7F GPI LASTE ;  IS IT PAST THE LAST GEAR ?
eioF GA1B01 JZ ENDIT t  IF SO, SEND A 0 AND dUIT
eii2 D301 OUT 1 t OTHERWISE, SEND GEAR TO UNIX

eii4

* GALL INTRll 1 GENERATE INTERRUPT
GD2401 GALL RDYVT t WAIT FOR TRANSFER GOMPLETION

eii7 04 INR B ; SYNTHESIZE NEXT CHAR
8118 G30801 JMP ELOOP ; BAGX JTO TRANSFER LOOP

eiiB AF EKDlTt ERA A ; WE'RE DONE. A <- 0
eiiG D301 ODT 1 ; SEND IT TO SIGNAL FINIS
eiiE GD2401 GALL RDYVT
ei2i G30500 JMP 5

0124 AF RDYVT: ERA A 1 GLEAR A TO
ei25 D303 ODT 3 ; SELEGT GONTROL PORT
ei27 DB01 IN 1 ; READ IT
ei29 B7 ORA A ) SET FLAGS
012A. F22401 JMP RDYVT 1 8 TEST FOR DONE BIT HI

ei2D G9 RET ; WEEN IT'S HI, BAGE TO GALLER

ei2E AF inTRll: ERA A t GET ZERO IN AGGUM
012F D303 OUT 3 ;  TO SELEGT GSR PORT
0131 3E04 MVI A.4 ) SET BIT 6 ON 11 GSR HI
0133 D301 ODT 1 ; TO GENERATE INTERRUPT
0135 G9 RET < RAGE TO GALLER

0136 END 100H
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APPENDIX 3

CP/M.COMMAND TRANSFER PROGRAM

eiee

0670 3
0071 s

0001 3

0002 3

007F

DIAl^OSTIG CODE - CP/M TO DIfIX *****

0100

0103
0104

0107

0109

010B

010G

01OE

0111

0114

0117

0119

011G

CD4D01
4F
GD5901
3E80

D303
79

FE7F

GA0500
GD3B01
GD4401
D301
GD2901
G30001

01IF 3E04
0121 D301
0123 GD2901
0126 G30500

*

*

LAOTX
*

*

*

*

ElfDIT:

ORG

GSTAT
GDATA
GKBR
GPTR

100H
EOU

EOU
EQU

EQU

EQU 7FH

CALL INTRll
CALL RDYWT

CALL CONIN
MOV C.A
CALL CONOT
MVI A,80H
OUT 3
MOV A,C
CPI LASTX
JZ 5
CALL UTOL
CALL CRLF
OUT 1
CALL RDYWT
JMP XLOOP

MVI A,04H
OUT 1

CALL RDYWT
JMP 5

70H
71fl

1

2

;  1ST URPRIHTABLE GEAR - [RUBODT]

» GENERATE INTERRUPT
; WAIT FOR TRANSFER COMPLETION

1 SELECT DATA PORT
t GET NEXT CHARACTER
I LAST TRANSFER ?
;  IF SO BACK TO MONITOR
; CONVERT UPPER TO LOWER CASE
; CHANGE CR TO LF
; SEND CHAR TO UNIX
; AWAIT XFER COMPLETION
; BACK TO TRANSFER LOOP

; 4 IS END-OF-XFER SIGNAL
j SEND IT TO SIGNAL FINIS

t BACK TO MONITOR

0129 AF
012A D303
012C DB01
012E B7
012F F22901

0132 C9

0133 AF
0134 D303
0136 3E04
0138 D301
013A C9

013B FE41
013D FB
013E FESB
0140 FO

INTRll:

XRA A
OUT 3
IN 1

ORA A
JP RDYWT

RET

XRA A
OUT 3
MVI A,4
OUT 1
RET

t CLEAR A TO
» SELECT CONTROL PORT
; READ IT
; SETT FLAGS
; 8 TEST FOR DONE BIT HI

; WHEN IT'S HI, BACK TO CALLER

; GET ZERO IN ACCUM
;  TO SELECT CSR PORT
j SET BIT 6 ON 11 CSR HI
; TO GENERATE INTERRUPT
; BACK TO CALLER

; UPPER TO LOWER CASE CONVERSION ROUTINE

UTOL: CPI 41H ; 41 mrv s 'a'
W* ; IF < 'A' RETURN
CPI 5BH 5 5B HEX = 'Z'
HP ; IF > 'Z' RETURN

{  IF WE GET HERE IT'S AN ALPHA CHARACTER
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ei4i F62e
ei43 G9

ei44 FEeo
0146 GO

ei47 OEOA
ei49 GD5901
ei4G G9

8 FEEDS GFVERSIOF TO LOWER GASE

2eHORI I HASK IF BI
RET

T 6 HI
I GOFVERSIOF GOHFUTE

f GHAFGE GARRIAGE RETDRF TO LIFE FEED 8 EGHO LF

GRLF: GPI ODE ; OD HEX = GARRIAGE REHURF
RFZ , IF FOT GR, FORGET IT

MVI G,0AH ; SEFD LIFEFEED TO GOFSOLE
GALL GOFOT ; GOFOT WILL PUT LF IF AGGDM
RET , 8 IT WILL BE SEFT TO UFIX

j GOFSOLE IFPUT RODTIFE ; READ OFE GEAR FROM GOFSOLE

ei4D DB7e
ei4F E6ei
0151 GA4D01

0154 DB71
0156 E67F
0158 G9

0159 DB70
015B E602
015D GA5901
0160 79

0161 D371
0163 G9

GOFIF: IF

AFI

JZ

IF
AFI
RET

GSTAT
ryuH

GOFIF

GDATA
7FH

; GOFSOLE OUTPUT RODTIFE » SEFD OFE GEAR TO GOFSOLE

GOFOT: IF

AFI

JZ
MOV

OUT

RET

GSTAT

GPTR

GOFOT
A.G
GDATA

0164 EFD lOOE



APPENDIX 4

UNIX dr:

#

Prefix file for al

'define HG ei7e424 /*

strnct
f

/*

int car; /*

int buf; /*

3 ;

'define RUN I /%

'define DONE 6200 /*

'def ine ERROR 0100000 /*

struct
r

/%

k

int stat t /*

char cmd; /*

3 mc t ab;

'define ACTIVE 1 /*

'def ine READING 2 /*

'define WRITING 4 /*

'define LOGGED 010 /%

'define NCRD I /*

'def ine MCWR -I /%

'define HCPRI 30 /»

'define ever (u)

'define HCDELAY 36 /*

/*

%/

%/

Control block for interface driver rontinea

WRITE transfer
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APPENDIX 5

UNIX TEST DRIVER, SELF LOGIN

'inolnde "paraai.li*
'inclnde "nser.li*
'Include "mc.h*

char loflratrCl *Jtm\n* ;
char fnnatrC] *test\a* {

BC1180()
C

if((motab.atat 0 ACTIVE) 0)
Bctab.atat 'I ACTIVE t /* Show it aa active */

wakenp(8mctab.8tat)t
returnt

)

■cil84()

If(bctab.atat 8 ACTIVE)
wakenp(8Bctab.Btat) ]

Boread()
C

atatic int Idp.fp i

If((Bctab.atat 8 ACTIVE) =' 0)
aleep(&nctab.8tat,HCPRI) t

elae
C

If((8Bctab.atat 8 LOGGED) 6)
BcloffinOt Fake the lovin k/

elae
whlle(paaao(ffetBc()) > = 0);

Bcwri te()
C

1 f(Botab.atat8VRITING) /* Only write if proceaa locpg^ed in

^  while(pntBc(Bcpaaa())) >0); /a -1 returned at write end a/

/a Hiia routine takea care cf the naer atmcture atuff for each
*  character paaaed during a write. Rcutlne duplicatea ayateB
a  function cpaaa() but doean*t convert data to ASCII
a/

/a Don't need thla thing
Bcpaaa()

C
regiater char c;

if(u.u_count == 0) /a u.u_count goea to 0 on laat character a/
return(~l); /a Signal upper level w/ negative return a/
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0 - 4ea.ii_J»ase; /% Get a oharaoter from uaer'a buffer
n.n-_oouut-—; /4e Decrement remainin^r character count */
1 f ('t"<'U.u_of f ae t C1 ] = = 9) Update last char used position offset */

u.u_offset[0]++;
u.u_J>ase+-f; /» Point to next user character *y

^  return(c); /* Pass character up for use */
Don't need it at all X/

*  Routine to pass a character across interface. Usually this character
comes from user's own buffer via user structure "u* (in "user.h*).

»/

putmc(c)

char o;

C

MC—>buf » c; /* Put the character in buffer regrister
IlG—>csr *1 RUITI lERABL; /4e Allow other end to wake us up

sleep(9mctab.stat (IfGPRI); XsK and then snooze till then 4!/'

After interrupt 8 wakeup, calling^ prpcess continues 4:/

)

/*

*  Routine to pick up characters passed from micro 8 pass them up 4:/
»/•

ge tmo ()
C

IlG->csr >1 RURIIERABLt
sleep(8mctab.stat.HGPRI);

a

re turn(IIG->buf80377) t
)

mclogin() Routine to send lo^in info for process */

static int fp,idp;
if dogrstrCidp] != '\0' )

passe (1 offs t r [ i dp-f-f] ) t
else

C

if(funstrlfp] != '\0' )
C

if(funstrCfpl «* '\n' )
mctab.stat 'I LO<>GEDt

passe(funstr[fp+-t-l);



APPENDIX 6

UNIX TEST DRIVER

'Include 'paraa.h*
'include 'user.li*
'include "nc.li"

char Ic^atrC] "JtmNn" j
char funatrl] "teat\n" j

extern Ibolt; Syatem functicn that wakea up every 2 seca */

mcilS0()
C

if((mctab.stat 8 ACTIVE) ss 0)
nctab.stat «l ACTIVE j /* Show it aa active */

wakeup(8mctab.atat)t
^  return;

■cil84()
C
^  return; /* Thia vector can't be uaed; toaa interrupt */

ncopenC)
C^  mctab.atat «l WRITING;

mccloae()
C
^  mctab.atat »8 "WRITING;

mcreadi(>
C

regiater char c;

if((mctab.atat 8 ACTIVE) ■» 0) /* If not loggvd in
8leep(8mctab.atat,HCPRI) ; /» Walt for interrupt */

elae
C

C
Stay in thia loop till count = 0 */

c « ffetmcO; Pick up a character

if(c =» '\004') /* End of loffin requeated */
mctab.atat =8 "ACTIVE;

if(c == 'Sr') /* Convert (21 to LF */
® ~ '/n' ; /* for Shell'a benefit */

3while(paaac(c) >= 0); /* -l returned when count = 0 %/
mcwri te()
C

if(mctab.8tat8WRITING) /* Only write if proceas logrged in
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while((pntmc9opas8())) >0); —1 returned at write end

/*

Routine to paaa a character acroaa interface. TJaually thia character
a  cornea from uaer'a own buffer via uaer atructure *u* (in 'uaer.h").
*/

putmc(c)

char ci

C

MC->buf = c? /* Put the character in buffer reffiater */
NG—>car 'I Rniit /a Allow other end to wake ua up a/

while(! (HG'^car 8 DOIfE)) /a Wait for zfer completion a/
aleepCSlbolt(HGPRI); /a Look in every 2 aeca a/

/* After interrupt 8 wakeup, calling prooeaa continuea */

3

/*

a  Routine to pick up charactera paaaed from micro 8 paaa them up a/
a/

ge tmc ()
C

MC—>car =I RDR; /a Turn on interface a/
while( t (HC**>car 8 DORE)) /a Wait for xfer completion aigrxial a/

aleep(81bol t ,HC3>RI ) } /a Look in every 2 aeca for aignal a/

ret urn (IIC~^buf80377) ; /a Send character up to caller a/



APPENDIX 7

UNIX DRIVER, FINAL VERSION

'Include 'param.h'
'include "ueer.h*
'include "mc.li"

mciiseo
C

^  returnt

mc 1154 ()
C

3

mcopenl)
C

return; /* This vector can't be uaed; toaa interrupt */

^  mctab.atat »l TffUTINC; /* That's all we need to do %/

mcclose()
C

^  mctab.atat -8 ~WlITIIfG, Don't let output ffo to interface now */

mcread(()
C

reflriater char c;

^  while(paaac(aretmc()) >- «, /% -i returned wlien count « 0

mcwri teO
C

if(mctab.atat8WRITINC) Only write if process loffffed In */

j  while((putnc(cpass())) >0), -1 returned at write end */

This thinff Just wakes up tke sleeping ffetmcO 8 putmcO tasks */

)

wakeup(8mctab.stat);

time8up()
C

3

/*

»

a

*/

^utine to pass a character across interface. Usually this character
comes from user s own buffer via user structure "u" (in "user.h").

putmc(c)

char c;

C

MC->buf s c; /* Put the character in buffer register
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MG—>osr s| mjlf; /% Allow other end to wake ne np

while(! (IiG~^csr 8 DONE)) Wait for zfer conpletion
C

timeout!tlmesup,NULL,HCDELAY); /* Schedule waheup */
aleep(811>ol t ,HCPRI); /% Look in occasionally

)

After interrupt 8 wakeup, calling process continues %/

3

/*

*  Routine to pick up characters passed from micro 8 pass them up */
*/

are tmo ( )
C

MC->csr =1 RUN; Turn on interface

while(t(HG~)c8r 8 DONE)) Wait for zfer completion

timeout! timesup,NDLL,IIGDELAY); /a Schedule wakeup sic/
sleep!811>ol t iMGPRI); /% Look In occasionally 4c/

3

re turn !IIG~>buf80377) { /* Send character up to caller %/



APPENDIX 8

UNIX USER TEST PROGRAM

'include "paruB.li"
'include 'ueer.h*

extern ermc{
char erratrC] "Can't cpen mc -> "j
int errstcnti

main!)
C

char ̂ bp,4eerr;
int fp,mcp;

erratcnt = 19j

Open data file to store charactera passed. If not there create it
fp » open("data",1);
if(fp =« -1)

fp « oreat("data",0644)}

Open interface

mop = openC "/de-r/ttyn" ,2) }

If interface can't be opened, send error number to file */"

if(mop ■» -1)
C

*err * errno + '0';
wri te(fp,errstr.errstont)}
wri te(fp,err,1);
exlt()}

}

Exi* inside this forever loop 4e/
read(mop,bp,1)}

if(4:bp >3 0)
exi t();

wrlte(fp,bp,l)}
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APPENDIX 9

CP/M DISK CREATE PROGRAM

4c

ORG 100H

s GPM EQU 8
s GONIN EOU 7AFFH
s GONOT EOU 7B18H
s PMSG EQU 7D20H

GRDll EQU 7E2EH
s GWRll EQU 7E80H

*

•lee

eees

7AFF

7B15

7D2e

7E2E

7E5e

eiee 2i8iei
0103 GO207D

0106 060B
0108 21A301

010B GDFF7A
010E FE03

0110 GA0500

0113 77

0114. 4F

0118 GD187B

0118 79
0119 FE0D
01IB GA2G01

01 IE 23

01 IF 08
0120 F2eB01

0123 217B01
0126 GD207D
0129 G30800

012G 0E0A
012E GD157B

0131 3600

0133 219901

t y f trff

*

*

*

GREATE A VIRTUAL DISK OR URIX

THIS PROQIAH FIGES UP A USER OEFIRED
VIRTUAL DISK NAME OF UP TO 10 GHARAGTERS
ARB PASSES THE NAME TO URIX. THE RAME
IS USED TO GREATE THE IRDEX ARD DATA
FILES TO BE ASSOGIATED WITH THAT
VIRTUAL DISK. MOURTll MUST BE RUR
EAGH TIME THE DISK IS TO BE AGGESSED.

TRARSIERT ROUTINE

»

LXI H,ERTHS6
GALL PMSG

MVI

LXI
B.0BH
H.RAMBUF

IRLOOP: GALL GORIR
GPI 3

JZ GPM

MOV M.A
MOV G.A
GALL GOROT

MOV A.G
GPI 0DH

JZ SERDIT

IRX

DGR
JP

*

*

*

H

B
IRLOOP

0RL7 GET HERE IF MORE THAR

LXI H.ERRMSG
GALL PI^G
JMP GPM

SEND RAME TO URIX

SERDIT: MVI G,0AH
GALL GOROT

MVI

LXI
M,0H
H.URIGMD

MONITOR RETURN ADDRESS
GP/M GORSOLE IN ROUTINE
GP/M GORSOLE OUT ROUTINE
GP/M MESSAGE PRINT ROUTINE
GP/M PDF11 READ ROUTINE
GP/M PDPll WRITE ROUTINE

GET ADDRESS OF ENTER ISG IN H
PRINT 'ENTER' MESSAGE

SET GOUNT TO 10 GHARS+GR
HL->NAME BUFFER HFAn

PIGK UP A GHARAGTER
IS IT GNTL-G ?
IF SO.BAGK TO MONITOR

OTHERWISE, SAVE IT
FOR GOROT
EGHO THE GHARAGTER TO GORSOLE

GET GHAR BAGK IN AGGUM
WAS IT GARRIAGE RETURN ?
IF SO, WE'RE DONE GETTING NAME

POINT TO NEXT MEMORY LOGATION
GOUNT > 10 ?
IF NOT, GET MORE CHARS

GEARS ENTERED FOR NAME

HL->ERROR IKG BUFFER HEAD
PRINT ERROR MESSAGE
BAGK TO MONITOR

SEND A LINE-FEED TO GONOT
TO BE ECHOED TO CONSOLE

MARK END OF NAME WITH TnKnn
HL -> UNIX FILE NAME
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GHDLOP:
0136 CDSerE nAT.T. CTRli fSEin) A GHARAGTER TO URIX

0139 23
013A AF
013B BE
013G G23601

013F 21A301

0142 GD507E
0148 AF
0146 BE

0147 GA4E01

014A 23
014B G34201

LOOPll

IRX H
XRA A
GMP M

JRZ GHDLOP

LXI H.NAHBUF

GATJi GRRl 1
XRA A
GHP M
JZ ERDIT

INX H
JMP LOOPl1

;Porirr to next gharagter
<6ET ZERO FOR GOHPARE
{END OF NAME ?
;IF NOT GOHTINDE

;HL->NAnE BUFFER HEAD

:SEND THE GHARAGTER TO UNIX
;GET ZERO IN AGGUM FOR GOHPARE
I IS BUFFER GOBTEHTS = 0 ?
I IF SO GET RETURN GODE

;IF NOT POIRT TO NEXT GHAR
t  AND SEND IT

014E G30500
ENDIT:

JMP GPH

0151 454E544882ENTHSG: DB
017B 43414E4E4FERRHSG: DB
0199 40414B4544nNIGHD: DB
01A3 0B NAHBUF: DB

{NOTHING MORE TO DO
{  GO BAGK TO MONITOR

•ENTER VIRTUAL DISK NAME (10 GHARS MAX) >
•GANNOT MOUNT REQUESTED DISK',0DH,0AH,0H

•MAKEDISK'.0DH.0H
11

,0H

01A4 END 100H



APPENDIX 10

UNIX VIRTUAL DISK CREATE PROGRAM

/*

«  Routine to create and initialize virtnal floppy disk files
*  for use with URIX/GPH interface. Files needed for a single
*  virtual floppy are
*  1) index file - name is 'axxsaxxxxx.ind' , where
*  is GP/H user supplied disk name. Gontents
*  of file are track-sector pairs used as
*  unique identifiers for sectors on the
^  virtual disk. The location of a ̂ iven pair
*  in the index file Is used to find the offset
*  to the desired 128 byte sector in the data
*  file for that virtual disk.
a

*  2) data file - name is 'xxxxxxxxxx.dat*. Gontents of
^  file are 128 byte blocks of data corresponding^
*  one-to-one with a unique sector on the virtual
^  disk. Data blocks are contiguous and can only
*  be separated by calculating the offset to a
*  given block.
«

a

*  nils program must be run once for each virtnal disk desired.
*  Program is rnn by running GP/M program GREA.T11 on the GP/M
i'' side of the interface. Subsequent requests to create an
a  already existing virtual disk will result in re-initialization
*  of the disk and loss of any data. Once a disk is created,
*  GP/M program MODlfTll must be run to establish the DWIX/GPM
a  link needed for virtual 1/0. After MOUlfTll has been run,
*  all GP/M 1/0 referencing a non-existent disk drive on the
»  GP/M system will result in 1/0 to the 'mounted* virtual disk
a  under UNIX. No further actions are necessary to do the
*  virtual 1/0. Nhen the GP/M user is done using' the virtual
*  disk, he/she must run UMOUNTl1 under GP/M to break the link
a  between the two systems and clear the way for another MOUNTll
*  request,
a/

mainO

C

char aname,atname,iindex,adatat
direntry[2]; /a To hold directory track/sector pair a/

int length,mop,ip,dp,I{

length ■ 0; /a Initialize user disk name length a/
direntrylOl » 2; /a Directory starts on track 2, a/
direntryCl] = i; /a sector 1 a/

mcp » open("/dev/ttym'',2)t /a Open the interface to GP/M a/

name - tname; /a Save pointer to name buffer head a/

do C

read(mcp,tname,1); /a Pick np characters of name one at a time a/
length++; /a and keep count of them a/

}while(atname++); /a Ouit when a null character is passed a/

length—; /a Skip null character a/
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ooncat(Index,name,*.lnd",length,5)t /* Hake Index file name
Ip > oreat(index,0666)! /% Create (or truncate) the index file

concat(data,name,'.dat*,length,5); /% Make data file name
dp ' creat(data,0666)t /% Create (or truncate) data file */

write(ip,direntry,2); /* Set up directory track/sector entry
for(i»i;i<=128;i++)

^  write(dp,'\0',i); /* Zero out directory for CP/M's benefit */

/%

*  Routine to concatenate two characer atringa into a third location
*  Argnmenta are:

al name of new (concatenated) atring
a2 name of firat atring (left aide of concatenation)
a3 name of aecond atring (right aide of concatenation)

cl length of firat atring
c2 length of aecond atring

*y

oonoat(al,a2,a3,cl,c2)

char *a 1,4!a2, ̂a31
int cl,c2;

C

while(cl —)

*•!++ ' *a2++ Move firat atring into new atring

while(c2—)
*al++ * *a3++ Concatenate aecond atring onto new atring
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UNIX DISK CREATE DEBUGGER PROGRAM

/»

«

«

«

*

*

*

«

*

*

*

*

*

«

*

»

«

*

*

*

*

*

*

Routine to create and initialize ▼irtnal floppy diak files
for use with URIX/GPH interface* Files needed for a single
virtual floppy are

1) index file - nane is , where ■»»»»»»-■
is CP/M user supplied disk nane. Contents
of file are track—sector pairs used as
unique identifiers for sectors on the
virtual disk. The location of a given pair
in the index file is used to find the offset
to the desired 128 byte sector in the data
file for that virtual disk.

2) data file - :.dat' . Contents of
file are 128 byte blocks of data corresponding
one—to—one with a unique sector on the virtual
disk. Data blocks are contiguous and can only
be separated by calculating the offset to a
given block.

This program must be run once for each virtual disk desired.
Program Is run by running CP/M program CREATll on the CP/Tf
side of the interface. Subsequent requests to create an
already existing virtual disk will result in re-initialization
of the disk and loss of any data. Once a disk is created,
CP/H program HOUimi must be run to establish the UHIX/CPM
link needed for virtual I/O. After HOUimi has been run,
all CP/N I/O referencing a non-existent disk drive on the
CP/H system will result in I/O to the 'mounted' virtual disk
under UNIX. No further actions are necessary to do the
virtual 1/0. When the CP/M user is done using the virtual
disk, he/she must run DMOUNTl1 under CP/H to break the link
between the two systems and clear the way for another MOUimi
request.

main()
C

char *name,i(Etname,4cindex,iKdatat
char direntry[2]; /«
int length,mcp,ip,dp,1t

length s 6;
direntrylOl = 2t
direntryll] ■ 1;

mcp ■ open<"/dev/ttyb",2)5

name - tname;

do C
read(mcp,tname,1);
length++;

}whi le(iKtname++);

length—;

/*
/*
/»

/*

/*

/*
/*

/*

To hold directory track/sector pair 4c/

Initialize user disk name length 9K/
Directory starts on track 2, 4:/

sector 1 4e/

Open the interface to CP/H */

Save pointer to name buffer head */

Pick up characters of name one at a time
and keep count of them «/

Quit when a null character is passed */

/* Skip null character */
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ooaoat(Index,name Ind*,lengrth,5)t /* Hake index file name
ip * oreat(index,0666); Create (or truncate) the index file k/

conoat (data ,name, * .dat' , lenerth,5); Hake data file name
dp - creat(data,0666)t Create (or truncate) data file */

wri te(ip,direntry,2)t
for(i-l;i<sl28ti++)

write(dp,'NO',1){

/% Set up directory track/aector entry

/% Zero out directory for CP/H* a benefit *y

/%

%

%

*/

Routine to concatenate two characer atrin^a into a third location
Argrumenta are:

al name of new (concatenated) atringp
a2 name of firat atring (left aide of concatenation)
a3 name of aecond atring (right aide of concatenation)

ci length of firat atring
c2 length of aecond atring

ooncat(al,a2,a3,cl,c2)

char :::a 1, *b2 , :::a3;
int ci,c2;

C

while(cl—)

»al++ ■ *a2++

while(c2—)

kal-f-i- * Xa3-t-+

/* Howe firat atring into new atring »/

/% Concatenate aecond atring onto new atring */
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CP/M DISK MOUNT REQUEST PROGRAM

0R6 100H
*

s GPM EQU 8
s GONIN EQU 7AFFH

GONOT EdU 7B18H
PMSG EdU 7D20H

s GRDll EdU 7E2EH
- GWRll EdU 7E80H

*

•ees

7ArF

7E2E

eioe 2i8iei
eies CD29ZD

eiee eees
eies 2iA3ei

eieS GDFF7A
eioE FEes
eiie GAesee

0113 77
0114 4F

0110 GD187B

0118 79

0119 FE0D
01 IB GA2C01

01 IE 23
01IF 05
0120 F20B01

0123 218901
0126 GD207D
0129 G30500

<|0|63j63|63|6

*

*

*

*

*

*

*

*

»

*

*

*

*

HODBT A VIBTUAL DISK ON DHIX *****

THIS PROGRAM PIGKS DP A USER DEFINED
VIRTUAL DISK NAME OF UP TO 10 GHARAGTERS
AND PASSES THE NAME TO UNIX. THE NAME
IS USED TO REFERENGE THE INDEX AND DATA
FILES FOR THAT DISK, PROVIDED THE FILES
ALREADY EXIST. IF THEY DO NOT EXIST,
UNIX RETURNS AN ERROR MESSAGE AND THE
DISK MUST BE CREATED USING 'GREATll*.

ONGE A DISK IS MOUNTED, ALL GP/M I/O
DIREGTED TO DISK G OR D WILL BE DONE ON
THE VIRTUAL DISK VIA UNIX.

TRANSIENT ROUTINE

*

LXI H,ENTHSG
GALL PMSG

MVI

LXI
B,0BH
H,NAMBUF

INLOOP: GALL GONIN
GPI 3

JZ GPM

MOV M,A
MOV G,A
GALL GONOT

MOV A,G
GPI 0DH
JZ SENDIT

INX H
DGR B

JP INLOOP
*

*

*

*

*

*

MONITOR RETURN ADDRESS
GP/M GONSOLE IN ROUTINE
GP/M GONSOLE OUT ROUTINE
GP/M MESSAGE PRINT ROUTINE
GP/M PDPll READ ROUTINE
GP/M PDPll WRITE ROUTINE

OTT ADDRESS OF ENTER MSG IN H
PRINT 'ENTER' MESSAGE

SET GOUNT TO 10 GHARS+GR
HL->NAME BUFFER HEAD

PIGK UP A GHARAGTER
IS IT GNTL-G ?
IF SO,BAGE TO MONITOR

OTHERWISE, SAVE IT
FOR GONOT
EGHO THE GHARAGTER TO GONSOLE

GET GHAR BAGK IN AGGUM
WAS IT GARRIAGE RETURN ?
IF SO, WE'RE DONE GETTING NAME

POINT TO NEXT MEMORY LOGATION
GOUNT > 10 ?
IF NOT, GET MORE GHARS

ONLY GET HERE IF MORE THAN 10 GHARS ENTERED FOR NAME

LXI H,ERRMSG
GALL PMSG
JMP GPM

SEND NAME TO UNIX

<HL->ERROR MSG BUFFER mr./in
(PRINT ERROR MESSAGE
iBAGK TO MONITOR
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ei2G

ei2E
0E0A
GD157B

SENDIT: MVI

GALL
G,0AH
GOROT

(SEND A LINE-FEED TO GONOT
; TO BE E(SOED TO CONSOLE

ei3i

0133

0136

3600

21A701

GD507E
GnOLOF:

HVI

LXI

GALL

H,0H
H.UNIGMD

GXRll

(HARK END OF NAME WITH ZERO
;HL -> UNIX FILE NAME

;SEND A GHARA(nT3l TO UNIX

0139

013A

013B

013G

23

AF

BE
C23601

INK
XRA
CMP

JNZ

H

A
H

GMDLOF

;FOIHT TO NEXT CHARACTER
{GET ZERO FOR GOHFARE
;END OF NAME ?
iIF NOT CONTINUE

013F 21B101 LXI H.NAHBUF tHL->NAHE BUFFER HEAD

0142
0143

0146

0147

GD507E
AF
BE

GA4E01

LOOFll:

GALL
XRA

GHF

JZ

GNRll
A

H

ENDIT

;SEND THE GHARAGTER TO UNIX
{GET ZERO IN AGGUH FOR GOHFARE
{IS BUFFER CONTENTS = 0 ?
;IF SO GET RETURN CODE

014A

014B

23

G34201
IHX
JMF

H

LOOFll
{IF NOT FOINT TO NEXT CHAR
{  AND SEND IT

014E
0151

0152

0153

GD2E7E
AF
BE

GA0500

ENDIT: GALL

XRA

GHF

JZ

GRDll

A

H

GFH

{UNIX WILL SEND RETURN CODE
{ZERO AGGUH FOR GOHFARE
{VHAT WAS RETURN CODE 7
(IF ZERO RETURN WE'RE OK

0156
0159

218901

GD207D
LXI

GALL
H.ERRHSG
FHSG

{IF NOT ZERO,FRINT BAD REQ MSG
{GO TO FRINT ROUTINE

015G G30500
*

JMF GFH {  AND GO RAGE TO MONITOR

015F
0189

01A7

01B1

454E544552ENTHSG:
43414E4E4FERBI1SG:

5649525446UNIGHD:
0B NAHBUF:

DB

DB

DB

DB

'ENTER VIRTUAL DISK NAME (10 GEARS MAX) > ' ,0H
'CANNOT MOUNT REQUESTED DISK' ,0DH,0AH,0H

'VIRTFLOF',0DH,0H
11

eiB2 END leeH
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UNIX VIRTUAL DISK PROGRAM

'define READ 1

'define WRITE —1

'define EXIT 0

'define ever (;;>

read request oommand from GF/H X/
/* write request oommand from CP/fl %/
y* exit request from CP/H

Infinite loop condition for 'for ever' *y

/*

' Virtual Floppy Disk Simulation Progrram
*  This progrram simulates a floppy disk and drive for CP/M
' format disks.

*/

main()
C

char ̂ data i'index«4cbp 11rack «aeo tor t^ind «it!name ,4ctname;

int mop,indexfp,datafp,lengpth,count,offset,command,supoffset t

lengrth * 0t Initialize file name leng^th indicator */

mop » open( "/dev/'t tym" ,2) ;

name ^ tname;
do C

read(mcp,tname,1);
lengrth-4>+i

}whi le(4ctname++) ;

1 engrth— t

/% Open interface to CP/M %/

Save ptr to head of file name buffer %/

y* Pick up characters of name one at a time *y
y* and keep count of them
y* Ouit when a null character is passed *y

y* Skip null character 4c/

ooncat (index.name, *.ind*, length,5) I /4c Make index file name (name.ind) */

indexfp B openCindex,2)t
if(indexfp == -1)

mcerr(mcp);

/4c Open track/sector index file '/
/4c If file can't be opened or doesn't exist dc/
/* qui t wi th error 4c/

concat(data,name, * .dat" , lengrth.S) t /4c Hake data file name (name.dat) *y

datafp c open(data,2)t
if(datafp as -i)

mcerr(mcp);
else

wri te(mcp,'\0',1);

/4c Open virtual data file 4c/
/4c If it can't be opened or doesn't exist '/
/* qui t wi th error */

/4c If all OK signal CP/M to go ahead 4c/

/*

*

*

*

*

*

*

»/

The followingr code is executed indefinitely until the CP/M user
i*vus the UMOUNT prog^ram. UMOURT sends a null character as the
next command, which causes this program to terminate and close
®11 files (automatic in Unix). The user must then run CP/M program
MOUDTl1 to start this program up again from the top, opening all
files again and performing virtual "I/O" until DMOUKTl1 is run
again from CP/M

for ever /4c Stay in this loop until exit requested */
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read(mop,Soommand.l)t /* Pick up CP/fl requeat code */
,  „ Codea are 1:READ, -l:WRITE, esEXIT */

1 f (oonmand == EXIT)

^ ̂  Cloae the interface and exit */'

ifCconaiand != READ 88 command fs 'WRITE) /* (Dieck for bad command */
mcerr(mcp); /» Exit with error if command undefined

Pick up track and aector from CP/M. These will be used as an index
*  into the track/sector index file.
*/

/*

*y

read(mcp,8track,1); /* Get requested track */
read(mcp,8sector,1)I /» ud aector numbers

*  Here we search through the index file for the track/sector
*  pair in the request. Simultaneously, we keep track of the offset
»  into the index file with integer 'offset*. This integer will be
»  used to seek into the data file for the requested sector. Since
*  each sector is exactly 128 bytes long, the offset to the pair in
»  the index file will be multiplied by 128 to get the offset to the
»  start of the requested sector in the data fiie.

Reinitialize offset counter

while(count « read(indexfp,ind,2)t /* Read till end-of-file

if(kind track) /* If tracks match

if(k(ind+l) ■» sector) and sectors match tco^  goto found; /* Jump out of read loop
j  offset++; /» Otherwise Just increment offset

1  SStSS* fonnd. This is OK in the case of a» WITE request, but blatantly wrong in the case of a READ.
If it is a WRITE request, we create a new entry fcr the new

*  track/sector pair.

if(command ss WRITE)
C

seek(indexfp,e,2); /* Move to end of file
write(indexfp,8track,l)t Put the index track in file */^  vrite(indexfp,8sector,1); and index sector */

else
mcerr(mcp)} /* Don't tolerate undefined reads */

Z  business of looking for the 128 byte sector in»  the data file (name.dat). Since the file can be larger than 68535
»  characters, we don't use a single integer for a single seek into
*  the file. Instead, we make use of the offsetk512 option in the Unix
*  seek command. The offset calculated during the index file search
*  i?. *''® The first (supoffset) is = (off8et*128)/512
*  of'®®* is used to do the required number ot 512 byte seeks.*  Then the original offset is reset to its modulus 4 (512/128) value
*  and multiplied by 128. This new offset is used for the remainder of
k  the seek.
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%/

found: if (offset >= 4) /* Offset is 'real offset'/128t 512/'128»4 */

®"*®t >>2: Only want offset portion > = 512 */
seek(datafp,supoffset,3); /* The 3 means seek in 512 byte %/

)

^  ̂ increments, supoffset times %/offset »» 4; /* Adjust offset to < 512 after multiply */

v?j I # « .X offset for single byte seek */seek(datafp,offset,1)t /% The 1 means seek from current position
/» to current position + offset bytes */

/%

% Now we do the actual I/O operation for CP/K. Datafp is pointed to
the 'tart of the requested 128 byte sector; reading and writing will

*  proceed from that location in the data file.
»  Note t^t command was verified at top of forever loop, so if-else
^  test will do here.

if(conaiand »= READ) /* Code for executing CP/M read request */
*/

read(datafp,bp,128); /* (?et the sector from data file */
^  write(mcp,bp,128); /* Write the sector to (H'/M */

Code for executing CP/M write request */

read(mcp,bp,128); /* Get the 128 bytes from CP/M */
^  write(datafp,bp,128); /* Write the sector into data file */

seek(datafp,9,e); /* Reset pointer to start of file for more I/O */
seek(indexfp,0,0); /» Rewind index file also */

)  /* End of forever loop */

}  /X EInd of main X/

moerr(ip)

int ip;
£* write(ip,*S0377',1); /X Send error indicator to CP/M X/

close(ip); /» Close the interface X/
,  exitO; /X and quit X/

/X

X

X

^utine to concatenate two character strings Into a third location
Arg^uments are s

si name of new (concatenated) string
s2 name of first string (left side of concatenation)
S3 name of second string (right side of concatenation)

ol length of first string
length of second string

X/

concat(sl,82,s3,cl,c2)

char Xs1,X82,Xs3;
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^  int ol,o2;
whi le(ol —)

*•1++ = *«2++ /% Move firat atriiiflr Into new atrin^ */
while(o2—)

^  *al++ » *a3++ /% Concatenate aecond atrinff onto new atrin^ %/
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UNIX VIRTUAL DISK DEBUGGER PROGRAM

'define READ '1' /* read reqnest oomBand fron CP/Tt %/
define WITO '2| /* write request command from CP/M %/
define EXIT 0 /* exit request from CP/M »/

loop condition for 'for ewer' */
define VRITIMG 4 /* Write ̂ oes to interface when set */

/*

*  Virtual Floppy Disk Simulation Program
*  "Diis program simulates a floppy disk and drive for CP/M
*  format disks.
»/

main()

{

char «data,«index,track,sector,«ind,«name,«tnamet
char iobuff[128];

int mcp, indexfpidatafp,length,count,offset,coBBBand,supoffset;

length a 6; /* Initialize file name length indicator */

mcp = open(*/dev/ttyb',2)| /* Open interface to CP/M */

nrae a tname; /* Save ptr to head of file name buffer */

1  characters of name one at a time */
L. I ^ count of them */3while(»tname-H- fa '0.) ^^en a null character is passed */

length——; /X Skip null character */

concat(index,name,■.ind',length,5); /* Make index file name (name.ind) */

* open(lndex,2); /* Open track/sector index file */file can't be opened or doesn't exist */
mcerr(mcp)| t error */

concat (data,name,-.datMength,5); /* Make data file name (name.dat) */

I open(data,2) ; z'* Open virtual data file »/atap'- 1) /j)c If it can't be opened or doean't exist */
mcerr(mcp)j /* q^jt with error »/

else
write(mop,"Good request\n',13); /* If all OX signal CP/M to go ahead */

/»
*

«

*

«

X

X

The '®lloj!i?gcede is executed indefinitely until the CP/M user
runs the UMOUHT program. DMOUlfT sends a null character as the
"Tf causes this program to terminate and close
MOlTNTii*t Unix). The user must then run CP/M programMOUMTll to start this program up again from the top, opening all
tiles again and performing virtual *1/0" until DMOUHTl1 is run

*  again from CP/M
X/
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for ever t /* Stay in thia loop until exit requested %/

read(mcp,8coiiiiiiand,l}; /* Pick up CP/M request code
Codes are 1:READ, -l:lffilITE, 0:EXIT */

if(command EXIT)

Close tlie interface and exit */

if(command != READ 88 command != WIITE) /* Check for bad command %/
mcerr(mcp); /% Exit with error if command undefined

Pick up track and sector from CP/M. These will be used as ««" index
*  into the track/sector index file.
*/

read(mop,8track,l); /* Get requested track */
read(mcp,8sector,1)t /* and sector numbers */

/*

*  Here we search through the index file for the track/sector
»  pair in the request. Simultaneously, we keep track of the offset
*  into the index file with Integrer 'offset'. This integer will be
*  used to seek into the data file for the requested sector. Since
*  each sector is exactly 128 bytes lonar, the offset to the pair in
»  the index file will be multiplied by 128 to get the offset to the
»  start of the requested sector in the data file.

Reinitialize offset counter */

while(oount » read(indezfp,ind,2); /* Read till end-of-file

if(Xind == track) /* If tracks match */

if(*(lnd+l) »» sector) /» and sectors match too */

write(mcp,"Sn",1)j /* Debuff statements */
wri te(mcp,ind,1);
wri te(mcp,8track,1)t
wri te(mcp,'Sn",1);
wri te(mcp,ind+1,1)|
wri te(mcp,8sector,1)}
wri te(mcp,"Nn",1);^  goto founit Jump out of read loop

offoet++{ /* Otherwise Just increment offset */

We get here if no match was found. This is OK in the case of a
*  WIITE request, but blatantly wrong in the case of a READ.
*  If it is a WRITE request, we create a new entry for the new
*  track/sector pair.
♦/

if(command WRITE)
C

seek(indexfp,e,2); /* Mowe to end of file */
write(indexfp,8track,l); Put the index track in file */

^  write(indexfp,8sector,1)} /* and index sector */
else

mcerr(mcp); /» Don't tolerate undefined reads */



80

/«

* Here we go about the bnsineaa of looking for the 128 byte sector in
*  the data file (naue.dat). Since the file can be larger than 6S538
* characters, we don't use a single integer for a single seek into
*  the file. Instead, we make use of the offset«512 option in the Unix
*  seek command. The offset calculated during the index file search
»  is broken into two parts. The first (supoffset) is = (offset»I28)/'512
*  This offset is used to do the required number ot 512 byte seeks.
«  Then the original offset is reset to its modulus 4 (512/128) value
»  and multiplied by 128. This new offset is used for the remainder of
»  the seek.
*/

found: if(offset >" 4) /* Offset is 'real offset'/128; 512/128>4 «/

supoffset = offset >>2; /* Only want offset portion >= 512 */
seek(datafp,supoffset,3); The 3 means seek in 512 byte »/

/» increments, supoffset times^  offset «« 031 /» Adjust offset to < 512 after multiply »/

offset 128; /X Expand offset for single byte seek X/
»®ff®ot,1); /X The 1 means seek from current position X/

/X to current position + offset bytes X/

/X

X  Now we do the actual I/O operation for CP/M. Datafp is pointed to
X  the start of the requested 128 byte sector; reading and writing will
X  proceed from that location in the data file.
*  Note that command was verified at top of forever loop, so if-else
X  test will do here.
X/

if(command READ) /X Code for executing CP/M read request X/

}

read(datafp,iobuff,128); /X Get the sector from data file X/
write(mcp,iobuff,128); /X Write the sector to (3»/M X/

®^®® /* Code for executing CP/M write request X/

)

read(mcp,iobuff+count,128); /X Get the 128 bytes from CP/M X/
write(datafp,iobuff,128); /X Write the sector into data file X/

seek(datafp,0,O); /X Reset pointer to start of file for more I/O X/
seek(indexfp,0,0); /X Rewind index file also X/

/X End of forever loop X/

/X End of main X/

moerr(ip)

int ip;

^  write(ip,"Can't do itSn",12); /X Send error indicator X/
close(ip); /X Close the interface X/
®*it(); /X and quit X/

/X

*  Routine to concatenate two character strings into a third location
X  Arguments are:
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*/

■ 1 name of new (concatenated) atring^
a2 name of firat atrlng^ (left aide of concatenation)
aS name of aecond atrin^ (rig^ht aide of concatenation)

cl lengtH of firat atringr
c2 lenffth of aecond atring

oonoatial,82,a3,ol,c2)

cHar ma 1, *a2, sKaS;
int cl,c2;

C

whi le(cl —)
aal++ * *m2++

wlii le(c2—)
»al+-t- « »a3++

ym Howe firat atrin^ into new atringr my

ym Concatenate aecond atring^ onto new atrlng my



appendix 15

BIOS MODIFICATIONS, DISK SELECT CODE

7CeF 3A837E
7G12 FE02
7C14 F2177E

HEAD THE SECTOR AT SECT, FROM THE PRESENT TRACE
USE STARTING ADDRESS AT DMAADD.

IF DISK C (OR D) IN USE F(Hl TO PDP-11 INTERFACE READ

RDSEL:
IF DISEII

LDA DISKRO
CPI 2

JP READll

ENDIF

jIF VIRTUAL FLOPPY STOTEM

iCET CURRENT DISK NUMBER
;IS IT DISE C ?
;IF SO DO PDP-11 INTERFA(X READ

<JTM>

<JTM>

<JTM>

<JTM>

<JTM>

7CC3 3A837E
7CC6 FEe2

7CC8 F2397E

;  READ FOR HARDWARE FLOPPY DISE
t

;
; WRITE THE SEITTOR AT SECT, ON THE PRESENT TRA(X.
I USE STARTING ADDRESS AT DMAADD.
;

;

WRSEL:
IF DISEll jIF VIRTUAL FLOPPY SYSTEM

j  IF DISE C OR D IN USE GO TO PDP-11 INTERFACE WRITE

LDA DISENO
CPI 2

JP WRITl 1

CURRENT DISE NUMBER
;IS IT DISE C OR D ?
I IF SO WRITE IS TO PDP-11

ENDIF

STANDARD HARDWARE FLOPPY DISE WRITE ROUTINE

<JTM>

<JTM>

<JTM>
<JTM>

<JTM>

<JTM>

82



APPENDIX 16

BIOS MODIFICATIONS, VIRTUAL DISK DRIVERS

IF DISEll jIF VIRTUAL FLOPPY SYSTEH

7E17 3E01
7E19 CD657E
7E1G ce
7E1D G5

7E1E e6FF
7E2e 2A817E

7E23 GD2E7E
7E26 23
7E27 08
7E28 G2237E

7E2B G1
7E2G AF
7E20 G9

7E2E 3E8e
7E3e 1)303

7E32 DBOI
7E34 77
7E35 GD5B7E
7E38 G9

;PDP-11 ASYRGHRONOUS IRTERFAGE READ ROUTINE
;

;

<

READll:

READ A SEGTOR

MVI A,1 iSET PDPll GOMMAND T

<JTH>

<JT!!>

GALL TSll
RNZ
PUSH B
MVI B,OFFH
LHLD DHAADD

O +1 FOR READ<JTM>
iSEND TRAGEAND SEGTOR TO PDPll <JTM>
;NON-ZERO RETURN MEANS BAD SECrOR<JTM>

RSEGll GALL GRDll
INX H

B

RSEGll

DGR

JNZ

POP

XRA

RET

B

A

t

^11:

ISAVE B-G
(SET GOUNT FOR 128 GEAR.
;H-L -> STANDARD BUFFER

{READ A GHARAGTER FROM PDP-11
{POINT H-L TO NEXT BUFFER BYTE
(READ 128 GEARS YET ?
tIF NOT GONTINUE READING

IVEEN VE'RE DONE RESTORE B-G
t  MAKE RETURN GOOD
I  AND GO BAGE TO rATiFH

READ A SINGLE GHARAGTER FROM PDP-11

MVI A.80E {SET El BIT ON GONTROL PORT (3)
OUT 3 ; TO SELEGT DATA PORT
IN 1 {READ TEE DATA PORT
MOV M,A {STORE BYTE IN MEMORY BUFFER
GALL RDYVr {WAIT FOR TRANSFER GOMPLETION
RET ; and go BAGE to GALLER

PDP-11 ASYNGERONOUS INTERFAGE WRITE ROUTINE

WRITE ONE SECTOR

7E39 3EFF WRITll; MVI A,0FFE
7E3B GD687E GALL TSll
7E3E G0 RNZ
7E3F G8 PUSH B
7E40 06FF MVI B,0FFH
7E42 2A817E i.in.n DMAADD
7E48 GD507E WSEGll: GALL GRWll
7E48 23 INX E
7E49 05 DGR B
7E4A G2457E JNZ WSEGll

7E4D G1 POP B
7E4E AF XRA A
7E4F G9 RET

1 WRITE A SINGLE

7E30 3E80 CWRII; MVI A,80E
7E52 D303 OUT 3
7E34 7E MOV A,M

{SET PDPll GOMMAND TO -1 (WRITE)
{SEND TRA(X AND SEGTOR TO PDPll
{NON-ZERO RETURN MEANS BAD SEITT
{SAVE B-G
{SET COUNT FOR 128 BYTES
{USE STANDARD BUFFER <- E-L
{WRITE A GHARAGTER TO PDPll
{E-L POINTS TO NEXT BUFFER BYTE
{WRITTEN 128 (mUS YET ?
{IF NOT GONTINUE READING

<JTM>
<JTM>
<JTM>

<JTM>

<JTM>

<JTM>

<JTM>

<JTM>

<JTM>

<JTM>

<JTM>

<JTM>

<JTnM>
<JTM>

<JTM>
<JTM>

<JTM>

<JTM>

<JTM>

<JTM>
<JTM>

<JTM>
<JTM>

<JTM>
<JTM>

<JTM>

<JTM>
<JTM>

{WEEN WRITE COMPLETE RESTORE B-G<JTM>
{MAKE RETURN CODE (X)OD <JTM>
{BA(3C TO GALLER <JTM>

SINCHJ: GEARACrrER TO PDP-11 <JTM>

{SET El BIT ON GONTROL PORT <JTM>
{ TO SELECn* DATA PORT <JTM>
{GET BYTE FROM BUFFER <JTM>
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7E85 D3ei
7E57 GD5B7E
7E5A G9

7E5B AF
7ESG DSeS
7E5E DDei
7E6e B7
7E61 F28B7E
7E64 G9

7E68
7E68

7E69
7E6G

7E6F

7E72
7E73

7E76
7E79

7E7G

7E7D

7E7E

21917E
77

GD8e7E
217F7E

GD8e7E
23

GD8e7E

2I917E
GD2E7E
AF

BE

G9

OUT 1 ;SElfD IT TO PDP-11
GALL RDYVr ;VAIT FOR TRANSFER GOMPLETION
RET } then rage TO GALLER

WAIT FOR HI BIT OF PDP-11 ASYNGH INTERFAGE STATUS
RTOIS'i'-Ji^R TO BE SET BY PDP-11 SOFTWARE. THIS IRRIGATES
THAT THE PDP-11 IS READY FOR ANOTHER DATA TRANSFER

I

;

;

j

;

RDYWT:

i

i

t

TSll:

XRA A
OUT 3

IN 1

ORA A
JP RDYWT
RET

SEND TRAGE AND

LXI H.TEMP
MOV M.A
GALL GWRll
LXI H.TRE
GALL GWRll
INX H
GALL (Dmil
LXI H.TEMP
GALL GRDll
XRA A

GMP M
RET

ENDIF

AS THERE ARE 01

<JTH>

<JTM>

<JTM>

<JTM>
<JTM>

<JTM>

;PUT e IN INTERFAGE GONTROL PORT<JTM>
;  TO SELEGT STATUS PORT <JTM>
iREAD STATUS PORT <JTM>
;SET FLAGS. SIGN BIT IS SET <JTM>
j  WHEN TRANSFER IS DONE <JTM>
;RETURN TO GALLER <JTM>

lEGTOR NUMBERS TO PDP-11 SOFTWARE <JTM>

(USE TEMP STORAGE FOR GOMMAND
jPUT GOMMAND IN MEMORY
;SEND TO PDPll
;POINT H-L TO TRAGE NUMBER
;SEND TRAGE TO PDPll
tPOINT TO SEGTOR NUMBER
jAND SEND IT TO PDPll
{USE TEMP STORAGE FOR RETURN GODE<jTTI>
{PDP-11 RETURNS 0 IF GOOD <JTM>
{MAEE ZERO FOR GOMPARE
{SET FLAGS
ILET CALLER LOOE AT GOND GODE

<JTM>
<JTM>

<JTM>
<JTM>

<JTM>

<JTM>
<JTM>

<JTM>

<JTM>
<JTM>

<JTM>

{NOTE:
{AVAILABLE FOR GBIOS ON THE SEGOND SYSTEM TRAGE (1).
{THE LAST ADDRESS BEFORE THIS POINT SHOULD BE NO
{GREATER THAN THE GBIOS STARTING ADDRESS + e47F (HEX).
{THIS WILL NORMALLY BE XE7F (HEX).
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