A PILOT LANGUAGE SYSTEM

by

LARRY TRISTAN WALKER

B. S., GCecrgia Institute of Technclogy, 1961

A MASTER’S REPORT
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE
Department of Computer 3cience

KANSAS STATE UNIVERSITY
Manhattan, Kansas
1978

Approved by:

a. G

& r Professor




CHAPTER
l.1

1.2
1.3

CHAPTER

NN
¢ s @
w -

CHAPTER

3.1
3.2

- CHAPTER

[ N
e & a o »
N wN-

CHAPTER

i iun
L ] [ ] L ]
- oW

CHAPTER

L= - O - W -

AN bWl

Document
LD
piiing
Ry

(477 TABLE OF CONTENTS
w 34

e 2 -

1 INTRODUCTION

Purpose
History of Pilot
System Organization

2 SYSTEM REQUIREMENTS

Classes of Users
Functional Performance
Hardware Considerations

3 HARDWARE IMPLEMENTATION ALTERNATIVES

Hardware Configuration Available
Selection Criteria

4 SOFTWARE IMPLEMENTATION ALTERNATIVES

Total System Software Requirements
Software Sources

Available Software Development Tools
Selected Software Techniques
Conclusion

5 PILOT LANGUAGE PROCESSOR DESCRIPTION

System Level Organization
Processor Operations

Memcry Utilization

Input and Output Operations

6 PILOT LANGUAGE PROCESSOR MODIFICATIONS

System Level Requirements
Display Driver

Keyboard Driver

Files Interface

Automatic Start up

Memory Utilization

-i =

Page

DS o

o b

10
11
11l
12

L3
13
14
14

31
17
18
19
20
21



CHAPTER

YRR BEN LN |
¢ o« &
[ S

CHAPTER

o0 00 oo oo
" s e
oW N

APPEND IX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

7 EDITOR MODIFICATIONS
System Level Requirements
Memory Utilization

Printer Driver
Capabilities Tailoring

8 CONCLUSIONS
Software
Hardware

Potential Enhancements
Conclusions

A PILOT LANGUAGE DEFINITION
B USER COURSEWARE
C DISASSEMBLY LISTING OF Z=80 PILOT

D ASSEMBLY LANGUAGE LISTING OF FILES
INTERFACE FOR 2-80 PILOT

E ASSEMBLY LANGUAGE LISTING OF ORIGINAL
EDITOR

F DISASSEMBLY LISTING OF PILOT EDITOR
G PILOT AUTHOR SYSTEM USERS MANUAL
H PILOT STUDENT SYSTEM USERS MANUAL

I REFERENCES

=1ii-

24
24
25
26

27
28
28
29



INDEX OF FIGURES

FIGURE 5.1 PILOT GENERAL FLOW 15
FIGURE 6.1 2=-80 PILOT MEMORY ALLOCATION 22
FIGURE G-1 MEMORY MAP G=24

-iy=-



CHAPTER 1
INTRODUCTION

1.1 PURPOSE OF THE REPORT

The purpose of this report is to describe the
implementation ¢f a microprocessor-based Computer Assisted
Instruction (CAI) system for the PILOT computer language.
The report provides documentation sufficient to support
software maintenance and user guides for the system. PILOT
stands for Programmed Inquiry, Learning or Teaching and is a
relatively easy to 1learn c¢omputer language. This report
presents an outline of the general requirements of a CAI
system and rational for selecting the PILOT language for

this microprocessor—-based implementation.

1.2 HISTORY OF PILOT

A principal barrier to the use of CAI has been the
large amount of time needed to write courses in a general
purpose language such as FORTRAN. The effective teaching of
a majority of subjects requires the presentation of large
amounts of text and the receipt of student answers in words.

The programming languages that have significant
text-processing features, like SNOBOL, appear to be well
suited for CAI. These languages-introduce ancther problem,
however, as the languages are too lcomplicated for most
teachers to learn; and therefore a computer programmer is

required to prepare the course software (courseware).
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Languages have been developed for writing courseware.
Most of them, 1like COURSEWRITER, PLANIT, and TUTOR are
large, complex languages that require a major effort to
learn. This author”s experience using PLANIT at the U.S.
Army Command and General Staff College, Fort Leavenworth,
Kansas, was that it took twenty to thirty hours of intensive
study (via CAI) feor nonprogrammer graduate students to
develcop a rudimentary PLANIT programming skill.

In approximately 1970, John starkweather of the
University of California Medical Center developed PILOT. It
was significantly different from the CAI languages seen
before as it was exceptionally simple in form. It was wused
at Stanford Research Institute in an education research
study. Findings of this study were that teachers and
students learned the language very easily and were able to
write programs immediately [1l].

The National Library of Medicine, Bethesda, Maryland
has been a strong supporter of PILOT. Through a grant from
that agency, John A. Starkweather déveloped an assembly
language version of PILOT for the Intel 8080 microprocessor
[2]. This version, known as 8080 PILOT, was the starting

point for this project.

1.3 SYSTEM ORGANIZATION

The system described by this report consists of an

adaptation of 8080 PILOT to a specific hardware grouping,
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integrated with system 1level software to provide for file
creition, storage and retrieval. The software is divided
into a PILOT author subdivision, a student subdivision and
an operating system subdivision which supports both the
PILOT author and student elements. Maximum practical use is
made of existing software modules to perform functions of
the overall system.

The hardware elements consist of a Digital Group Z-80
microcomputer system located in the Microprocessor
Laboratory of the Department of Computer Science at Kansas
State University. Input devices into the hardware
confiquration consist of keyboard, digital cassette tape and
audio cassette tape.: OQutput devices consist of CRT display,

impact printer, digital and audio tape cassette.



CHAPTER 2

SYSTEM REQUIREMENTS

2.1 CLASSES OF USERS

CAI systems typically have three general classes of
users. The class with the largest population is the student
class. This <¢lass is characterized by having little
computer experience and 1limited ability to follow complex
instructions. Of course there are many exceptions to this
profile but the developer o©f a CAI system should plan to
support a student with these basic characteristics.

The next class of users is the CAI autheor class. They
will be the creators of courseware {lesson material) for the
system. The span of computer qualification of this class is
great. The utility of the system can be greatly enhanced if
it can be used by those among the 1lowest segment of
gualification.

The last <c¢class of user is the system maintainer.
Functions for this user include updates to scftware, backup
of mass storage, purging of unwanted files and other duties
as desired. He needs the widest possible scope of

capabilities.

2.2 FUNCTIONAL PERFORMANCE

The student”s use of the system is limited to lesson
execution. In this mode he requires rapid execution to

remain interactive with the system and a simple control
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structure to aveoid complex instructions. For example, the
sysfem should be very simple to start up, load a lesson and
begin execution. It is important ¢to note that executien
should be rapid while in the lessen, i.e., no frequent 1long
pauses.

It is this author’s observation that the student is
very tolerant to a minutes pause after five or ten minutes
of intensive interaction. This tolerance is very high if
the lesson material conducts a dialeog to explain the delay,
i.e., "catch your breath while I load a new lesson for you."
This concept for user tolerance is a critical factor in the
system configuration.

The CAI author use of the system includes 1lesson
preparation, trial lesson execution, and lesson file storage
and retrieval. The author peformance speed requirements are
similar to that of the student. He expects rapid response
while in the lesson creation mode (which is, in reality, an
editor environment). For text changes, he expects rapid
response. His tolerance for delay at the end of a lengthy
editing session is not dissimilar to the student tolerance
for pauses between lessons.

The maintainer can be considered as a user that could
employ the most rapid response that can be achieved within
the hardware limits cof the system.

The very nature of CAI requires that lessons be
transported easily from one system to ancther via a compact,

inexpensive and reliable media. The above general
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enumeration of user requirements dictates the system

performance.

2.3 HARDWARE CONSIDERATIONS

User requirements for system performance determine the
extent of hardware in general. The CAI environment
typically requires rapid execution response with reasonable
toleration for infrequent pauses as outlined in preceeding
paragraphs.

Cost can become a principal consideration. In a 2-80
system built of The Digital Group Inc. [3] components, the
following price structure is applicable: Floppy Disk Drive
(single) System, 240,000 bytes of storage, $1,195.00;
Digital Cassette {(Dual) Storage System, 1,300,000 bytes of
storage, $675.00; Disk Stecrage Media $7.00; Digital Cassette
Storage Media §$1.80., It is significant to note that the
lower cost cassette-based mass storage systems may satisfy
the user’s requirements as well as the higher cost disk mass
storage system, since the user has a tolerance level for
much longer file 1lcading time of the digital cassette
system. In a CAI environment this file lcading occurs at
lesson change time for the student and edit begin/end time
for the CAI author. If courses are long, the cassette
advantage increases as it provides for greater storage at a
much lower media cost and requires less frequent changes of

media to get additional lessouns.



CHAPTER 3

HARDWARE IMPLEMENTATION ALTERNATIVES

3.1 HARDWARE CONFIGURATIONS AVAILABLE

The Kansas State Department of Computer Science has two
microprocessor systems that are candidates for the 8080
PILOT implementation. These are the ALTAIR 8800 (Intel 8080
microprocessor) and the Digital Group (Z2-80 microprocessor)
systems.

The ALTAIR class of system is exactly the system upon
which the 8080 PILOT was designed to be implemented. The
8080 PILOT is based on lesson loading from asynchronous
paper tape via program command and character by character
output of lesson material via teletype. The Digital Group
Systems, on the other hand, do not have any asynchronous
loading capability and the prinicipal cutput media is a
video display system that requires far more complex logic
than the simple teletype protoccl the 8080 PILOT is designed

to support.

3.2 SELECTION CRITERIA

The major strength of the Digital Group hardware is
that it has computer-controlled mass storage media and this
single feature prompted its selection as this author desired
to create a practical CAI system. Mass storage under

computer control, in the opinion of this author, is required



for a practical CAI system.

Further considerations were the factors of ease of
start up of the two systems. The ALTAIR requires the bit by
bit switch entry of a binary beootstrap program while the
other system requires only pushing the "on" button as The
Digital Group hardware has a Read Only Memory (ROM) start up
facility. A final consideration was the fact that this
author is thoroughly familiar with the Digital Group System

as he owns one himself!



CHAPTER 4

SOFTWARE IMPLEMENTATION ALTERNATIVES

4.1 TOTAL SYSTEM SOFTWARE REQUIREMENTS

The student software facility requires a method of
loading the PILOT interpreter initially, loading lessons
initially and executing the lesson material. While
executing, the student facility may require the ability to
branch t©¢ a new lesson. This feature requires automatic
loading of the desired lesson and execution of that lesson.
Note, this automatic loading and subsequent execution is not
possible under the original 8080 PILOT as it has no facility
for control of processor-managed mass storage. Therefore,
the automatic branching to new lessons represents a major
enhancement to 8080 PILOT.

The PILOT author software facility requires all of the
student capability for the trial execution of lessons and,
in addition, requires the 1lesson creation ability via a
lesson editor program. Again the 8080 PILOT does not have
an editor and thus this lesscn editor capability represents
another ma jor enhancement to 8080 PILOT. The PILOT author
also requires the ability to move lesson files to and from
the editor to mass storage at the start and end of lesson
edit sessions.

The maintainer requires all of the PILOT author
facility. In addition, the maintainer requires the ability

tc change the c¢ode of the PILOT interpreter, to debug
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programs, to manipulate files on a group basis and to

prepare backups of the mass storage media.

4.2 SOFTWARE SOURCES

The 8080 PILOT 4interpreter was available only as an
Intel 8080 assembly listing and could not be obtained in any
machine readable media [4]. This listing did include a hex
listing of the machine language.

An acceptable editor was available as a standard
product of The Digital Group, Inc. This editor is an
adaptation of an editor previously published in Dr. Dobb s
Journal [5]. No listing was available of the Digital Group
Editor, and it has been extensively modified from the
original version. A listing was available of the original
published version. |

The standard product Digital Group Operation System,
PHIMON (Phideck monitor) was available to provide the
required system level support and maintenance capabilities
required for a complete system. A BASIC interpreter, MAXI
BASIC 1.1, was available. This is a standard Digital Group
Software product and has extensive display interface
routines needed to adapt 8080 PILOT to the Digital Group
display. No documentation was available of the internal

cperations of MAXI BASIC.
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4.3 AVAILABLE SOFTWARE DEVELOPMENT TOOLS

' Since the 8080 PILOT was available in Intel 8080
assembly language, the p:ihcipal scftware tool needed was an
Intel 8080 assembler. Unfortunately, this critical item was
missing. Only a Zilog Z-80 assembler was available. While
the two instruction sets are c¢ompatible, the mnemonics for
the operation codes and assembler formats are drastically
different. It has been this author’s experience that
translation from one set of instructions to the other is a
very error prone operation.

In addition, a Zileocg 2Z=-80 symbolic disassembler was
available along with excellent facilities for direct entry
of code into memory and dumping of memory contents to

display and printer.

4.4 SELECTED SOFTWARE TECHNIQUES

A decision was made to enter the 8080 PILOT code
directly into memory in machine language, dump this code in
hex format, manually c¢ompare the dump with the coriginal
listing for errors énd modify the <code at the machine
language level. The Z2Zilog 2-80 disassembler was used to
document the resultant end product. This process was
facilitated by having a skilled typist enter the original
listing. Very few errors were discovered in the entire
process. Those that were discovered have been, in the

ma jority, uncovered by the disassembler producing nonsense
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code because the errors were not logical instruction
sequences.

In cases where major changes were made to the 8080
PILOT interpreter, the new code was assembled with the Zilcog
Z=80 assembler and patched into the main body of machine
language code. All changes made to the editor were made at
the machine language level.

The display routines were developed by disassembling
the MAXI BASIC routines in their original location, moving
the code in memory to the PILOT machine language segment,
and then correcting all nonrelative addresses and external

calls.

4.5 CONCLUSION

The use o¢f machine language level programming is a
difficult process and in this project has increased the time
required to complete the PILOT segment of the software.
With the clarity of hindsight, the author observes that time
necessary to implement an Intel 8080 assembler would
probably have been recouped in saving of time spent on
machine language programming. The greatest advantage to be
achieved, however, would 1lie in increases in the ease of
maintenance of the PILOT interpreter. If the 8080 PILOT
source code had been available 4in machine readable media,

the machine language approach would never have been taken.
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CHAPTER 5

PILOT LANGUAGE PROCESSOR DESCRIPTION

5.1 SYSTEM LEVEL ORGANIZATION

Comments in this chapter pertain to the original 8080
PILOT interpreter by Starkweather. The reader is encouraged
to refer to Appendix A4, PILOT Language Definition, and
reference 4, "Source Code for 8080 PILOT," as required for
comprehension. The original PILOT interpreter was organized
into 72 assembly language rcutines and storage areas. The
interpreter provided for the entry o¢f a PILOT lesson but
with no provision for editing that lesson or even adding new
material to the end of a lesson.

Printing, displaying, storing (on paper tape) and
execution of lessons was provided. The command structure of
the interpreter provided for branching to an editor but no
editor was included. Provisions were also made to allow
branching to a BASIC interpreter for statement evaluation
but no such interpreter was provided. A facility was

provided for lcading a new lesson from paper tape.

5.2 PROCESSCR OPERATIONS

A typical session with PILOT starts by utilizing the
"Input" routine (0CCFH of reference 4) to place a lesson in
the program buffer. Once this is complete, the user can

either execute this lesson cor store it on paper tape. If a
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choice is made to store it, control passes to the "save®"
routine (O0Cl3H of reference 4).

Subsequent execution of this lesson turns contrel over
to "Interpret Existing Program, IEP (057CH of reference 4).
Execution follows a logical path of Scan Input Buffer, SCAN
(0380H of reference 4); Interpret Operation Code, OPS (03CEH
of reference 4) and return to SCAN for more code. Figure
5.1 illustrates this general flow. Interpret Operation Code

calls other elements of the interpreter as required.

5.3 MEMORY UTILIZATION

The 8080 PILOT interpreter resides from 0080H to OEEAH
with lesson material stored from 1000H upward. String
variables are stored from 1FFFH downward. The code from
02E0H to OEEA is never modified and could be placed in Read

Only Memory (ROM) if desired.

5.4 INPUT AND OUTPUT OPERATIONS

The code is remarkably well organized for input/output.
A jump table (located at O0l00H) defines all the locations
for I/0 routines. This table organization gives great
flexibility to change I/0 even if the interpreter is placed
in ROM.

I/0 capabilities include asynchronous

character-by-character interface to an ASR Model 33
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CHAPTER 6

PILOT LANGUAGE PROCESSOR MODIFICATIONS

6.1 SYSTEM LEVEL REQUIREMENTS

The major changes required to the PILOT processor
involved integrating it into an operating system structure
to provide for 1lesson files 1lcocading, interface to the
keyboard and display system of the Digital Group 2-80
microprocessor system, and changing the internal cperation
of the processcr to provide for automatic lesson execution
on initial start up. This last feature was deemed necessary

for creation of a very simple student envirconment.

6.2 DISPLAY DRIVER

The source of the display driver <c¢ode was the Digital
Group MAXI BASIC interpreter. It appeared ideally suited to
interfacing a character-by=character cutput into the Digital
Group Display. The MAXI BASIC routine was first
disassembled to determine external routines that it
addressed. It was found that it addressed only the
"Character Out" and "Space Out" routines of the Digital
Group standard ROM. Since PILOT uses the standard ROM area
for stack space, it was not possible to use these "Character
Out®" and "Space Out" routines. Similar routines exist in
PHIMON and references to these routines were substituted for

the ROM routines. This created a small constraint. PHIMON
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must be resident in the system for the Display Driver to
work. Calls to "Character Out" (E6B2H) were inserted at
OF79H, O0F84H, and OFHFH (see Appendix C for symbolic code
listing).

The display buffer for the screen requires 1024 decimal
bytes. Memory locations 1000H through 13FFH are used for
this purpose. Nonrelative addresses of all the elements of
the code were identified, the code was moved to OFO0OH with a
small memory move program, and all nonrelative addresses

were ad justed for the new location.

6.3 KEYBOARD DRIVER

The source of the keybocard driver was the MAXI BASIC
interpreter. The MAXI BASIC keyboard routine is contiguous
with the MAXI BASIC display routine. This keyboard routine
was moved and had nonrelative addresses adjusted
concurrently with the display driver routine as described in
Section 6.2 1In addition, a subroutine c¢all was changed as
described below. The keyboard driver called a “"Keystroke
In* routine located in low memory of the MAXI BASIC
interpreter. This call (located in the keyboard driver at
OFB2H) was changed to call a "Keystroke In" routine (located
at E36AH) of PHIMON. The use or the PHIMON "Keystroke In"
routine eliminated the requirement to include a "Keystroke

In" rocutine in PILOT.
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6.4 FILES INTERFACE

The files interface required the creation of a 1linkage
to allow file commands for loading new lessons to be passed
from the PILOT 1lesscn under execution to the PHIMON
operating system and, if required, error messages to be
passed back to the user. The technique used was to
dynamically modify a segment of PHIMON code to change it
from a general purpose overlay to a large subroutine to
accomplish the specific file lcading required. The modified
code was altered so that it no longer appeared as a correct
system overlay. This alteration prevented PHIMON attempting
to use the modified code as a general purpose overlay.

In addition, formatting was performed on the PILOT
command to convert it to the form needed by PHIMON. The
formatted command was then moved from the PILOT input buffer
to PHIMON s command buffer.

The Z-80 Assembler was used to produce this code. A
message editor that resides in PHIMON was used to cutput
error messages. A detailed, commented 1listing of the code
is in Appendix D, Assembly Language Listing of Files
Interface for 2-80 PILOT. This <code is envoked by a call
located at OBE7H of the PILOT interpreter.

The PILOT command format for lcading new lessons from
deck ¢ is:

"LOAD: FILENAME"
{where FILENAME is any legal PHIMON filename). The command

for loading from other tape decks is:
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"LOAD:#X FILENAME"
(where X is the drive number). If an error occurs, the
logical segquence of the lesson is broken, so the routine
gives the student the error message:
"PILOT LESSON DESIRED NOT ON THIS TAPE. ASK FOR HELP."
The PILOT system 1is then halted and control is given to

PHIMON.

6.5 AUTOMATIC START UP

Originally PILOT expected the user to start the system
into executing the lesson or preparing a new lesscn. If the
alternative of preparing a new Jlesson was selected, the
system immediately cleared the 1lesson (program) buffer of
all its contentg and prompted the user to enter a new lesson
from the keyboard. In summary, PILOT started up under
contrel ¢f the student, and unless the student proceeded
properly, the lesson prepared by the author would never gain
contrel of the teaching environment.

This new implementation of PILOT has changed that
sequence sco that the PILOT system initially starts up under
contrecl of the 1lesson rather than under contrel of the
student. The student merely has to push a button to turn
the system on and then enter:

“RUN PILOT" {carriage return)
The system starts up under control of the author prepared

lesson.
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This modification was accomplished by moving the start
up ﬁuffer location from the input buffer (0E72H of reference
4) to the program buffer, the location where PILOT lessons
are loaded. This creates one potential problem. If PILOT
is run without any lesson lcaded, it will attempt to execute
whatever is in memory in the lesson storage area. This is
simple to overcome by always having some small lesson loaded
as part of the PILOT system. Once the details of the PILOT
interpreter were unders toed, this modified start up
procedure was_simple to accomplish. The first line of the
"Initialize Data for New Program" routine (0356H of
reference 4) was changed from:
INIT LX1 H, IBUFF
TO

INIT LX1 H, PBUFF.
In addition, in this same "INIT" routine the calls to
"NEWN" and "INITV" were eliminated. This retains all
variables from one lesson to the next. The variables can be

cleared if desired by the incoming lesson so all

alternatives are possible under this arrangement.

6.6 MEMORY UTILIZATION

A map of memory for the new PILOT interpreter is
contained in Figure 6.l. Digital Group Systems operating
under PHIMON require memory from EQO0OH to E7FFH for PHIMON
root code and overlays. A ROM is located from 0000H to

O00FFH for dead—-starting the system and for limited display
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I/0 routines.

PILOT requires that the ROM be disabled prior to
running because PILOT uses the top of the ROM area for
stack. This configuration for PILOT will operate in a
system as small as 8K bytes (counting the high memory PHIMON
space). This would leave only 768 decimal bytes for lesson
and string variable storage. In a 10K system, 2816 decimal
bytes would be available for 1lesson and string variable
storage. This 10K system represents the minimum level
memory that the author recommends.

Adapting PILOT to various size memory configurations is
very simple. Bytes 0360H and 0361lH (low address, high
address) should be set to the top of the PILOT lesson

storage address.
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CHAPTER 7

EDITOR MODIFICATIONS

7.1 SYSTEM LEVEL REQUIREMENTS

The editor is to be used only by the author in lesson
creation and modification. The lesson preparation task is
much like any other program c¢reation task and no unusual
edit features are required. The Digital Group Text Editor
is typical of an editor designed for small systems with the
most typical wuse being the creation of scurce files for
assemblers. Detail description of the capabilities are
outlined in Appendix G, PILOT Author System Users Manual.

The editor must be able to create files in memory, to
provide for interface to the file storage system for saving
the files, and to accept files from the system for
modification. The Digital Group Editor can do all these
operations, however, the files interface requires the user
to enter simple 0S job control language, i.e., "SAVE MYFILE

XX=YY," where XX=-YY are memory locations.

7.2 MEMORY UTILIZATION

The editor originally used 0100H through 1400H for its
own code and 1l400H upward for edit files. If used for PILOT
lesson creation, it would be possible to prepare a lesson
which would overlay the PILOT routines and create a totally

unworkable system. This could be remedied by changing the



25
contrel parameters of the editor to ensure all edit files
are created above l4FFH.

The problem was to determine where the minimum control
file parameter was located in the editor. This problem was
compounded by the fact that only an assembly language
listing for the code that the assembler had been adapted
from was available. The correct 1location of the ceontrol
value was finally located by the implementation of a
searching routine to 1locate the value to control minimum
edit file memory. Had this routine been created earlier, it
would have helped greatly in making machine language changes

to PILOT code.

7.3 PRINTER DRIVER

The editor had originally been configured to drive a
teleprinter type device with 110 baud ASCII. The hardware
that was wused to implement PILOT has a Digital Group
Printer, a matrix printer operating under extensive software
control with even the character set defined by a pattern
held in memory. In additicon, the Digital Group Printer
routines, as supplied by Digital Group, had an error
condition which produced an extraneous character at the end
of each line of print. A 2-80 assembly language listing of
this code was available so the code was typed into the 2=80
assembler, corrections made and assembled into the hard copy

routine space of the editor. The end product was a fully
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functional interface between the editor and the Digital

Grodp Printer without errors in printing.

7.4 CAPABILITIES TAILORING

The original editor had a "software front panel" which
permitted the user to view all CPU registers, and memory set
any memory location to any value, and dump or lcad any
portion of memory to or from audio tape. These capabilities
were not required by the author user and therefore the
entries to these routines were eliminated. The remaining
capabilities are:

l. EDIT PILOT LESSON - DISPLAY

2. EDIT PILOT LESSON - HARDCOPY

3. RETURN TO PHIMON
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CHAPTER 8

CONCLUSIONS

8.1 SOFTWARE

The PILOT interpreter is readily adaptable to
microprocessor systems. The modularity of the code make
enhancement relatively straightforward. The simplified
start up procedure linked with computer-controlled lesson
lecading has taken microprocessor resident PILOT from an
interesting technical capability to a useful teaching
device, even for uninitiated users.

Changes to software at the machine language level are
cumbersome; but if care is taken, wuseable products can
result. Machine language disassemblers greatly aid
documentation of machine language coding. Search utilities
for locating patterned data rapidly aid in machine language
level modifications.

The PHIMON operating system of Digital Group has proven
very easy to use and interface. It is well documented and a
complete commented assembly language 1listing of the entire
system is provided by Digital Group. Conversely, MAXI BASIC
and the Text Editor have poor documentation and no listing
of any kind. The inside operations of these two programs

were understocd only after many hours of disection.
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8.2 HARDWARE
" The per formance of the digital cassette is excellent in
this CAI application. The availability of this low=cost
computer-contrelled mass storage device prevides an
opportunity to construct very capable CAI systems at minimal
cost.

The ROM bootstrap feature of the Digital Group
microprocessor makes the system extraordinarily easy to
place into operation. Thils feature is a major capability
that optimizes this hardware for CAI operations by
inexperienced users. In comparison, the Digital Group
System is far easier to begin using than a typical time

sharing terminal.

8.3 POTENTIAL ENHANCEMENTS

The following paragraphs present proposals for
enhancements that are beyond the scope of the project but
appear to be both feasible and desirable. Highest priority
for enhancement should be the improvement of the editor’s
interface with PHIMON for files operations. This
enhancement should permit saving an edit file by entering:

"SAVE FILENAME"

or loading an edit file by entering:
"LOAD FILENAME"
where filename is any legal PHIMON filename.

The next pricrity enhancement should be the addition of
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a hard copy routine to the PILOT student system. This would
perﬁit the author to provide documents for the student’s
retention. It would be an excellent end point of a lesson
to provide the student a hard copy summary of the material
covered. This feature will require 300H bytes of additional
memory.

Systems with a larger memory capability could have the
lesson loading/changing process speeded up greatly by having
the PHIMON "Directory” overlay and files directory remain in
memory at all times. This would require an additional 400H
bytes for the directory.

Other possible enhancements include the incorporation
of a BASIC expression analyzer into PILOT to expand the
compute statement capability. No research has been
conducted on this enhancement. The last priority
enhancement might be the incorporation of a PILOT resident
editor (such an editor has recently been published [6]).
Implementation would require 275H bytes of memery. This
line editor would speed up changes to lessons but is far
less sophisticated than the editor included in this

implementation.

8.4 CONCLUSION

This project has produced a useable system that
provides the university with a significant CAI capability.

There are currently at least ten Digital Group Systems
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capable of executing this software on the Manhattan campus.
Onlf the creation of courseware is necessary to realize the
potential of this capability. It is the hope of this author
that other members of the wuniversity will continue this
effort. Achievement with this system does not require any
depth of knowledge of computers, but requires only the

desire to teach and the willingness to try a new media.



APPENDIX A

PILOT LANGUAGE DEFINITION

The following is a Bacus Naur Form definition of 2-80
PILOT as implemented in the project described by this
report. The exclamation mark, "!", is used to denote an
"OR* relation. Examples of this PILOT 1language are
contained in Appendix B, User Courseware and Appendix G,

PILOT Author System Users Manual.
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<PILOT line>: :=<label>! [<label>]<PILOT statement>

<PILOT program>: :=<PILOT line>

<label>: :=*<identifier>"carriage=return”! "space”
<IDENTIFIER>::=(<LETTER£DIGIT>}%°

<PILOT statement>: :=<opcode>[<cond>] :<expression>
<opcode>: :=<core-opcode>!<keyword>!<continuation>
<core—opcode>: :=T!AIMIJIVIEICIRIVIN

<key=word>: :=MC!INMAX !NEWS !DP! SAVE!

PRINT!EDIT!BYE!
LOAD (<continuation>"space*<filename>) !
{#1 "space" <filename>) NOTE 1

<centinuation»::= :
<cond>: :=Y!N!<num=variable>!<integer>

<expression>::=<message>!<variable>!<pattern>!
<label>!<assign statement>

<message: :=[{<text>] [<variable>] [<text>]
<variable>: :=<string variable>!<num=variable>»
<pattern::=<text>

<assign—-statement>::=<num~variable>=<num=variable>
(+!=) {(<integer>!<num=variable>)

<string=variable>: :=$§<identifier>
<num=variable>: :=§<letter>
<integer>=:=+!-(<digit>)§

<TEXT>: := (<DIGIT> ! <LETTER> ! <SPEC~CHAR>) ?.0
<filename>::=<1etter>[<1etter>!<digit>]:
<digit>::=01112! .... 9

<letter>::=A!BIC! .... Z

<spec-char>: :=" SIIEI I=ID>ICI@l+l=i*] 211

!left-paren "{("!right-paren
"space" !exclamation mark “!*"

"t



NOTE 1:

SAVE, PRINT, EDIT are not implemented in this system.
They may occur in a PILOT program but the coperation will not
take place. They are included in the operations recognition
logic to assist in transpert of programs from other
implementations. If they were not in the logic¢, these
key=-words would have to be removed from PILOT programs or

else the system would have an error condition.



RPPENDIX B
USER CCOURSEWARE

R

R

R

R

R

R: THE PURPOSE OF THIS APPENDIZX IS TO DEMONSTRATE TO PILOT
R:USERS ., THE FUNCTION OF THE PILOT SYSTEM . THIS APPENDIX 1S
R:PREFARED IN A FORMAT THAT CAN BE EXECUTED ON THE PILOT SYSTEM
R COBE CONTAIMEDR IN THIS APPEMEBIX IS A MODIFIED VERSION OF
R-MATERIAL CONTRINED IN REFERENCE 2.
R:
R
T
T
T
T
4
T
T

INTRODUCTION TO PILOT

FBEGIN

?OU CAN USE PILOT INSTRUCTIONS:
T8 PRESENT TEXT.
: TO RCCEPT AN RANSHER.
: TO MRTCH ELEMENTS OF AN ANSHER.
: TQ JUMP TO & LARBELED PLACE.
: TE USE & SUBROUTINE.
¢ TQ END & SUBROUTINE OR THE ENTIRE PROGRAN.
FOR LIMITED COMPUTATION.
: TO INSERT A REMARK WITH NO CPERATIONAL EFFECT.
: EEGIH BY TYPING ANYTHING, THEN PRESS 'RETURH®
USE DELETE OR RUBCOUT TO ERRSE ONE LETTER ., AND

: CTL~U T KILL A LINE BEFORE YOU HRVE PRESSED RETURN.
A EREAT
T:YOU TYPED SUWHAT.
T:$WHAAT IS HWHAT YOU TYPED.

: FRESS 'RETURN' TO COMTINUE.

Mnm:uxrﬂ

1
Y
T:
¥ OR H APPENDED TO AHY INSTRUCTION MAKES ITS USE CONDITIONAL

JPON THE LAST ATTEMPTED MATCH.
¥+ B8R H: ALONE ARE SHORTHAND UERSIONS GF TY: OR TH:

I WELL LOOK FOR 'ABC', ' DEF', 'GHI ' OR ' JKL °*
: MOTE THE SPACES. THEY RRE IMPORTANT IF THE LETTERS WE RRE
TFYIHE TO MATCH ARE HOT AT EITHER END OF A& LINE.

EE i

#:0BC, DEF,GHI , JKL
TV MATEH
TH HO MATCH

U $ASK

J¥: XTESTH

J:¥TESTC

X
X D
o=

ATH 7 (Y OrR N2>

=

A~

B~%



¥TESTC
T:TYPE m HUHEER FRCM @ T 99
T: I USE THE FIRST THO DIGITS ENTERED.
H: 3R
T: ANOTHER NUMBER PLEASE
f:#B
T: YOUR NUMBERS ARE #a AND #B.
T: I WILL SUBTRACT THEM.
€C:E€=A-B
T:#n — 48 = #€
T -
T: TYPE 'NEXT' TO GO ON
A : ,
#: NEXT
JM:TESTC
T:
£TESTPLUS
€:a=6
£:B=8

T: TESTS CAN BE CONBITIOKAL ON & NUMERIC UARLUE > 8

T:r HUMERIC UARIABLE I5 APPENDED AS IN ' JX):XLABEL'
T:TYPE 'ABC' OR 'DEF'

A

H: RBEC

CY:a=1

M:BEF
€Y :B=1

T{A):ABC FOUND
TCB):DEF FOUND
€:C=R+B
JCE Y XEND
T:HO MATCH OF EITHER ABC OR DEF

FERD

T:END GF TEST
U: ¥AS5K
HYXTESTPLUS

T.

FIUE OTHER INSTRUCTIONS ARE AUAILABLE IN THIS SYSTEHM
NC: TO LOGK FOR TEXT WITH COMMARS IN IT.
IRMAK: TO LIMIT THE NUMBER OF CHARARCTERS RCCEPTED.
NEW$ TO ERASE STORED $TEXT {STRING UARIABLES).
LoRD: TG LORD ANE RUN A HEW PROGRAM.
BYE: TO LERVE PILOT ARND GO TO A MONITOR.

:PRESS RETURN ToO CONTINUE .

H:

T: WITH THE 'MC' INSTRUCTICK .
T:YOU CAN LOOK FOR TEXT WITH COMMAS IN IT .
T:A CARET '+' IS5 USED AS A SEPRRATOR FOR MC:

B-2



XTESTHC
T:T WILL LOOK FOR
- RYSENTRY

MC:ABC, D+A,BC
Y:YES,$SENTRY IS5 BK.
HHD ,

U:¥asK

JY: TESTHC
T:
 ¥TESTIM

TIHRaA:L

T: PRESS OHLY A SINGLE KEY.

T: oo
INHAK: L

H:

M:A
Y YOU TYPED 'A°
H: THAT HASH'T 'A’
T: AGARIN 7{Y OR N )
f:
INMAX:
My
JY XTESTIN
T1:
IERRORS

¥e

T: I WILL SHOW SOME ERROR MESSAGES .
: I RILL TRY TO JUMP TO AN UNKNOWW LABEL

: PRESS 'RETURN'

A
J: XHERE

T:

(14 THE HEXT EXAMPLE.
: PRESS 'RETURN®

T
R

£:¥ HGT Y
T: THE ERFRESS
: PRESS RETURN
fi:
T

R C:

'RBC.D' OR 'R.,BC’

WILL BE USED Tg LOOK FOR ‘
OO NOT PRESS

—

YOU TYPED $ENTRY INSTEARD OF THE ABOUE.

lﬂl

'RETURNM'

AFTER EACH , PRESS 'RETURN'
'X¥HERE

INSTRUCTION HAS BARD SYNTARX .

ION FIELD IS DISPLAYED + ERROR MESSAGE.

* THE WrLUE OF X WILL BECCME GREATER THAN $3.

PRESS EETURN
B

£:¥=9%
C: K=RK+le

T: THE STARTEMENT CAUSING OUERFLOK IS5 DISPLAYED.
THE URLUE X WRAS LEFT AT #X
A SIMILAR MESSAGE AFPPEARS WHEN X BECGME SHALLER THAN -99.

T: PRESS RETUREN
H:

B-3



T: TYPE 'R®' TO REPEAT ERROR MESSAGES.
IHMAK: L ;

f:
IHMAX: 72

i .

J7: *ERRORS

T: _ :

: #H FLLEGAL STATEMENT IS SIMPLY DISPLAYED.
Ml %

T: 'MW ' IS NOT LEGARL IN PILOT.

:THAT CONCLUDES THE TESTS.

T: PRESS RETURN TO COHNTINUE

: QR ENTER 'HO MORE' TO STOP !
A:
M:H0O . MORE.S5TOF, ENOUGH
JY: XTREERD

J:EABEGIN

¥THEEND

BYE:



APPENDIX C
DISASSEMBLY LISTING OF 2-80 PILOT

The following pages are a symbolic listing of the 2Z-80
PILOT interpreter (less the file interface). This listing
was produced by the Digital Group 2-80 Disassembler, running
in the hex, symbolic mode. The instruction set is in the
Zilog Z-80 assembler fdrmat. The relative addresses are
translated into absolute addresses and placed to the right
of the instruction with an asterisk before and after. It is
important to note that the disassembler makes no
differentiation between valid instructions and data storage.
This will typically produce invalid symbolic translation
when data storage areas are encountered. For example, the
area from 0ll18H to 02ECOH is a system data area (see Figure
6.1). The disassembler translated this area as if it

contained valid instructions (see pages C-6 through C=13).
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garD a3 INC BC

tgrE 13 83 o a3 igie3x
plaa C3 /3 G JP HFa3
@183 C3 A9 oo JP a0ad
gigg C3 &3 ar JP 8FR3
#ig? 03 md ao JP alnd
Higl C3 A4 vl JP gAY
gigr 03 =& 8 AP Egat
Biiz C3 88 EB& JF Ecgd
BLLS C3 G5 8B JP BEOS
#iitg &g GeEC BC

BLis iS5 DEC O

Gils zZg GEC HL

HiiE L5 geC O

@il EE &i 20R 81

HiiE B8 HOF

BLLF &8 HOF

fdiza 4C Lo € H
GizZi B 23 LS LD BC. 1525
Biz4 aa RGP

HiZS Ba N

HBife LS geC GE

8127 4C LG C.H
GLZE @B W

SlZ% Bd ROPF

GrzZR 9o ROP

BLIE 40 NP

Giz0 oo ROP

HiZie ad HOP

Gize &g HOF

BlzF &a ROF

138 &o HOF

@131 aqa HOP

BL3z W Hiar

G133 B HoF

G124 rFrE ZB CP 3B

gLic Al AHO  ©

ALETV 8L 1T LS LD BC. L5LE
Hiim 38 LD 4R HC, L3 AELSLE
Hi3C 1a L3 Lo 0o, i5
HiZE FF RST Sa

HiarF 3B DEC 5P

gidag 83 InC BC

Gid4l 91 oa 13 LD BC, Loge
@ldd 43 Lt C.B

c-6



N
A
e e
g Ju

LI R B w L 1}

S B

DO O S O O

A )

P e e P e s e e e e e b e e e e e
DRI O I B S ) S B B O S R RS S R VR SO A SN o8

My @M S-S me s mI:

SR AU Y TR A W T T T B S T 5 I T O R A
as

KY
&
i
&
]
5]
5]
HiFs

I et e et e ek e pes pak pet ek e fyh e pas e s e

W
(ORI RO

"
A

T
SRS

hch

o
E]
ﬁ
o
(=]
-
7
bt }
Lol

DOURDCCR W I RN s S W T Tt Bt Bt e (RN St BN Y S B e S D R O n DO O = S s O O m RO

£ i
HIFE
wird
GLvs
Gty
Hi7F53
HiFE
@17
givh
Hivc
s Ee
HAiFL
Giez

3

i

$

L

L

L

[N

T 10 e B LS WO Y s R £

AR R PR B VRN LRI O O I SR I S S R S I T SR S Il W TS

-
'v-\.h

LV S O O B O R e

Sl L S ST DN R SR [ SN P AR o DU Y T N g U O O ST W O I )

) oo
AT, RO o oI AT ) ROVVIN o IRV, T o L B R

SR P DA R VT I A0 S &

Uy s B i ) Y G i i I S PO

4F

O
il

BL

o
o

[n%}

(o)

Rir
HOP
NG
THC
HaP
Lo
RO
Lo
LD
LD
Lb
4R
Lb
LG
Gec
DEC
Lo
LD

Lo

JH
Lo
Ly
LE
eD
LD
L
Lo
Dec
bzC
AGC
HGF
LD
Lb
Lo
LEb
(A
I
Lo
LE
SR
L
Lo
b
Lo
bel
L
L
[

DEC

I =t

(6] =4 &

OEC
ek
LG

Lo

tel
Gec
bed

mr
bt ™M
ua)

X
I""
o

FalAaix

rm
.

I - R
o Y

e w ) e e W

b el e

F8l3EX

4o
)

103 -
=S
-

X
s
St

L T I Y o RS

MOCOEOOOONOFOAQCDOETROOD m
A

._ i
oo

LT S Y

-

Capad 3

#818ak

L
(4]

v b~

=

bl i I T ol i e &2 st 0 3 M
' rj-

i

o

FELCLE

m

L 8OE0

-

- e e -
g rrom g
La) )

OO oI romoer g Ioam
- e
o

Cc-7



,
P
L

!
Ca

U A

!
.

.,-.._
it
-

A )

KX
SO B R R I A

-

-t

()
U B R

[ 0 GO Y TS i O o A P O e AU S O O 4 JOY S I T w o A A s A B sESNL I M o (N Y O i O O T o e SR T T O R O PP I S A I o A O R e 5
X

L]

"
foi e ot ok it et ok o o e s e e

1

=0

=

(A
o

=
o

SRR )
=

.,
Duil

(LYK KIS L RLY (LY

v
[

-
et

o
oy

AT )
(TR LY ¥ LY

.

,..
1

SUR s U AT S T S U AU U S S5 I 5 e AR U O R

%)

2!

KA
a e B Pt e e e
il

(gl
LU A I R B nOC bt B B < b B I M
o g
cxcam

SR B [

I E,- LT WYY

O
e

L2

P Al

,..
T G
o

b
=

"

i

Ak B RN
G T 0 3D W e R G O R oS T G0 T o

!

e X2 Lo X X

1

N )
-

=

1T

x-
LI U WO e B X oA

I WA

i
[

r

I 1

-v-.\
W]

I

[

ol

-

M
WA oy AT

L

P e e P

s

i

SRR SR I o 3 I A kK]

A

-

Wil

(L)

[

A LA B
T T i s I o L v S L O I o v e B L SR o O e

T
e
[

WA

-
[ S

-

I )
30

]

AR

*
i

,_.
AR
o
=
2]
)

(X

ot put st
-
Xl

U U N o O O A

=

-
!

AR A RN

—

1

[

KX
fote e

1

AU U AT I MU A I )

-

N

y

MR R

|<nb-
PSR

'

[ala}
m
(]
[}

HOP
HOP
HOP
1t
WOF
RGF

JR NZ., 4E ABLEDX
JR HZ . G FHLAER
JR K2, 8h ialbax
GeEC C
OeC €
NOP
ROF
RGP
HOF
HOF
ROF
R
HitP
HOF
ROF
HOF
NOF
NP
HOF
NP
HGF
Mo
HOF
HUF
WP
NOF
HOF
NoF
HGr
eitF
HOF
BE
HF
WF
HOF
HOF

LT

it

RGP



NP
NP
NOP

[cn
r-—-h
[
[
AU A ]

Hap
NOP
NOP

SiCs o or
ficn o P
GiCE o WP
GLCC & HOP
Giclh o ROP
il @ RF
AL i

g

&

R A LA B KO U K A Wl Y AT R O A

gibz & HOF
Sio3 oa R TH
gifg o NOR
G105 & ROA
gllig o HOF
SLOT g ROF
gils au HOF
Gils e ROF
Gilim o Nor
BiLE ou HiP
HiUC B ROP
il as HOPF
HiLE ad HOP
Gilbr aB HOP
SLES WE ROP
Bl Ba T
BlEZ g RO
HIEX B8 HOP
aiE4 ad NOF
BiET o9 HOP
WiEs od HOP
HIEV i@ HOP
OiEs gg HOP
GiES oz HOP
CLES B HP
@iEn &g HOM
GlELS &g HOP
cGiel a HOF
BHLEE 2% 53 JR HZ. 53 30249%
SiFe Bo gec C
FiF L a0 GEC C
TiFZ &0 GEC C
GiF3 wa KROp
BiFd gg WP
SLFS g HOF
GiFS &8 il
GiFF AL Rir
SLFS 4o N
GLF S ao HidE
HiFs& o4 M
GiFE B ROP
WiFo du ROP
BLF D @d HOP
alFE ad HaF
SiFF v RO
H2dw G RGP

c-9



NOP

Hegl

BZ8Z NP
6293 HOP
3284 HOP
BEGT NGF
B2EE WP
GEET HOP
B2a HGP
SRR HOP
82an HOP
azam NOP
B2E0 NP
B2 HOP

0P
HOF
HOP
HOP

BIOE
HAIae
@2l
gl

o
i)
1

LR U VO R U A T R R SR R ot B B o . R v

Lo O AR SO A S S A U AR v SN B O RO O LK oA O R

HGF
HOF
NOP
HOP
HUF
NG

RGP
Har
HGP

2Lz HOP
g213 RGP
g2ig ROP
e HOF
dZlE w HOP
HZLT & HOF
BZLl3 G HOF
#1L3 & RGP
BZin B NGP
aZil @ NOP
azio @ HOP
3210 o HOP
H2lE & NOP
dZiF @ NOP
SR HOP
G221 8 ROF
G222 aa NGF
B2ZE ag NOF
g2zd a3 HGP
NSRRI C T HOP
B2ZE ai ROF
g22V ad HOP
H2zZ3 o RGP
BIZz3 B RGP
BZIZA B RGP
g228 od RGP
HZ2 dad RGP
HEZZ0 B2 NP
I RGF
QEEF & ROP
giin @ HGF
BEZL B PR

6232 &

3G

el

b=t

DRSO U A X s S o A

AR RO N

i ED D

c-10



HUP
NP
HUOP
HOP
INC

(5 O EN T O I
o Fod o0 P ol Tl ol

[ R R U R S W |

-5 T EY CF O

Lo CAURE U S O R R R o R U R T S N R ORI R A L R BN W R TR S SO B M O I O

LE

g4z LD

roomIE

dz43 LO
o OEC
#2435 el
EEC T LD

mr

- -

Lb
Bed

247
B243

OOOOODmODn T

G249 R

8240 HOF

dEsE L C.,H

BI4¢ (21] C.H

S350 Lo B.C

GCd4E LE B.H

BESE 3K IR 3 Y | @230k

WZo1

d25E

G s E R S D g0 B M0 E 0 00 G O E Y S pes 0 = e D G G SR

e HOF
8354 ROP
BZE5 HOF
3255 LO B,C
BZST HOF
BISE 42 L B. 0
BE59 @ NOP
HZ3@| 43 LD E:E
a5 # ROP
B82S0 44 Lo E.H
HEI0 B9 RGF
HZZE 45 Lo B.L
d23F ad HOP
gZeE 44 Lb B.EHLY
Hod i wd HOF
Zaz 47 LD E.H
53 ad HOP
34 43 Lo 5
a3 ou HOF
& 4
vod HOF

U %
-
oo ©
b K
[y (o] [} o
A

Lo ("

Gr

L C.

iF

Lo ColHLY
HUF

Lh C.hH
HOF

LU d,E
wiaF

g=11



8278 5L - Lo - C
B2Y7 ao HOF

#2v8 52 L 0L,D
G275 @3 RGP :
HETH 53 LD o, E
G27E a@ HOP

g27C 54 LD 0. H
@270 o9 ROP

BETE S5 L b,L
B27F e HOF

4@ 54 LD B, HLY

gral o ROF
g8z 97 Lo b, &
g233 o for
a2 2% LG E:B
g$23% gd RGP
B258 93 Lo £.C
Sy e HOF
Lo E.D
NP
45 4F LO BC.4F4C
L B,LC
L E.H
P peg C
EH geC C
Zg du JR HZ., ao ¥8Z2Rax
53 LD g,.E
iU geC C
Gt RO
glid HOF
el G
il Har
G ity
Ege] NOF
e HOP
dd HOF
gt HF
gid Gt
(515 HOF
gt NP
g N
51 4P
TR RO
B i
Uit RGP
Givd NaF
g WGP
JECTo HOF
g Wi
ad HOP
it iy
i RirF
fit W
3 e
g HOP
Hit MO
di HaF
wid Har

c-1i2



HIES e o
HiBa ey NOP
wepS ad HOP
dica o HOF
HiBEV o ROF
02z8 ed NOP
HZEF 88 NOP
Zi2BA 8¢ NOP
AZED @ HOP
G2BE 80 NP
szBl 8@ OP
H2BE od NOP
HZBF g9 NOP
RECE &g RGP
H92C1L éd ROP
@2l o NOP
H2E3 0a NOP
BI04 B8 Kae
BECT NGP
Hzla NOP
g2oy

NOF

By

=45

di

di NOP
@2C8 g

du

dui

g

Qacs NOF
HECH NOP
giog HOP
B200 Y NGF
az2il oy NOF

H2CE 8u ROP
220F By ROP
welia ea HOF

Bz od ROF

G203 a9 HOF

S204 a9 HOF

E20S ad NGF

@A 89 NOP

SZOT aa NOP

nEhE a4 HOP

SZ03 aa wOF

HclA oo ROF

aziig ag HOP

BIOC a9 ROP

meal o RGP

dZ0E a8a RGP

BZOF aw NOP

GZEe 3L 89 8L LD 5P, 6lod
BZEF 21 FE 3B LD HL ., 3BFE
HIZzE ZZ 34 8L Lp {340, HL
GPER 2L FY Bz LD HL, 82F7
BZEC LL we abl LD GE.Olea
QZEF ®E L3 LG C. i3
BzF L CL S9 &C CrhLL 8acId
gzFs O3 3F a3 JP a3drF
HZF Y L3 AS BF JP arns
BZFa CX Ad alt JP dlnd
S2FD C2 A3 @F JF aF/3
@igd 03 Ad Bo JP Blad
REEZ 05 wms B8O P SIS E)



.,_
x4,
n

Edal

Edas

eBl>

SP.Olad
LL 835a

LL {_1—"”-1

T

-
o

TG M

l."",l

el
VLN @Y O O
b O A o R LY O L A )
IREARAT U

]

% S w

£3 & B3GF

il ol VO ol N g N (VU R
et e o iy s |

RN

WA

TR 0 Q0 T %A %0 T (5 T o
T
e
G Cy

S & T R £ 20 0

e ROP
e & MG
v it
SFe RaF
a Rt

....
L
L

P

s I T
mdﬂmWLMNwmﬂmmﬁmmwwwhwm

NOF
HGF
ROP
HOpP

ki

bl HOF
i ROM
] i HOP
a S HOPF
g = e ROr
BRZ2a & HOP
GITE HOF
B3IZ0 Bd e
diz B HOP
93ZE BE HOP
A35F B HFP
wWiZ3T oF HaF
=2l B3 L H
H33Z ad HOP
G333 aa HOF
234 8o RGP
H3325 oa ROF
G338 BE HGP
GAT 8u ROP
GEass Ao HUP
G325 au NGP
H3EZA B HOF
HI3E ao RGP
30 B HOF
oogo WOF
SJIE b 0P
33iF &8 H’F
A4 oo Hor
i34 1w HOF
42 @a N
GiEd T f HOP
;i &

-
!

O3 CEL D 5
R A

fad el L) el ) da) o)
(PR A N A R NN LR < T R0 S DA % B |

LT RN N I R 23
O R0 3D S O S T 1
~

i

i 1N

b HOF
dad N ol HiGF
,;l.;,a-g-g:; S HUF
H3%C do HOP
234 ad HUP

c-14



G34E HOF
B34F e NOF
BITH NP
& NOP

N

-

Lo
Lb
LB

o
s

J el ol el Cad €e) €e) Cod Cad Do) fed ) G €t ) G fe) Gl Gl Ged el Gl Gl Gf Ged € Ged Cod Gu) Go) ©ad Ce) Gl D

s
'—-&

[ap e len Il an]
Qoo

o gel

o gs L3 LD HL, L5ae

& A "L LD L3RI, HL
9 42 al LD LEl4z 2, HL
i FF 3B LD HL . 3BFF

i 3t @l LD {HLIE D, HL

ol P PO D P G AR B e 0 3D O

S R W ot SR RN L i R ) [ A

™
By
s

Lo CHL 3. 91

c32 ReT
0 BB CrLL

3o Bl L
43 LE

32 44 @l LG

& UUF\

3 ai LD

150 0,

-
]

Doy
rom
P e TTOT

e,
s,

AU
-
(]
-

Ponc W T,-. P
RS
£ 00 e €1

LA

.

oLp
1 LG
i

!

O S I N o I O I I O B G R W

)
P

T S T

T M e T
o ae a

e e Bt Bt R TIOR8

- >
G370 ZE 49 ol LE Lde i, HL
B3¥F €2 RET
BISE IR 3A 8L LU HL.58L3R)
HI83 L Haw HL 2
HIss Bi Cr ai
B3GS FET 2
ISy G0 c g0
HA33 Za 83 dr NZ . 8358
W30 IHD HL
SEE0 23 BIE OJP B353
BI9E Sooay Cwhbl 8vsh
CiZE3 Hi ce i
535 FET 2
& IMC HL
T A dil LD L@ L3H ks HU
8334 ODeC HL
G35z S0 AE &Y CALL 8VRE
o 0o7A a3 CALL 847R
“ial o 20 87 CaklL e7zC
HInd Fo AH CF 3R
jm LD BA w3 CALL Z2,23BA
3% OA 38 83 4P 2, 333g
]2 FE Z2H CF 2
e LT 3L a7 CRLL Z.8738
TN CR= DR RE Z,B353
4 o0 CE &@Z CALL H3CE
7 g AR g38u
. imC  HL
Tht "L LD SELLA > HL
z i az Lo HL, BzdB
o ai Lb iAlZ2 R0
He Lo G, 35
R A8 CHLL BESET
Lh a2 DALL 83Ea
SR HOm A



G300 C5 ReT

B3CE ZZ2 ZF &L LD PELZ22»:HL
a3l Ch 8 87 CALL BYSE

G30g ZR Z2 &L LD HL . atzz)
3307V Ba 34 LI B, 3R

3303 CO 37 23 CALL 6337

#3008 72 LE AL

aibi BY GF A

a30E CR FC 83 JrF 2.83FC
H3EL 23 IHC Hu

H3EZ 22 1R 8l LB tdLiny.HL
H3IES Z& oel  HL

H3EE Zb OEC HL

G3E7 OO0 a9 84 CALL Ba34

a3Es BV ar =

RIEE 38 RET £

H3EC CD A7 84 CALL B4n?

G3EF £3 RET Z

H3FE Zn 22 BL LD HL,i8LZ25
#3F3 CO 71 &7 CRLL B77L

fA3Fe OO €& o4 CALL B4ES

H3FZF FE BL cP Bl

Q3FE L8 RET RS

H3IFC Za zZz &8t LD HL. @L22)
Ga3FF €0 15 Bl CALL 8115

Geaz LS RET 2

B4E3 ZA 22 8L LD HL,{BlZZ)
Bddn 22 1A 81 L {@aiimr HU
ggay Lo 75 85 CALL 8373

adac C3 RET

#del 21 @9 15 LD HL, 1588
@Faie OO 30 87 CALL 8730

HirLE 23 NG HL

414 FE Lo A, LHLJ
8415 FE &R CFP 85

3417 o2 2L 84 JdP NZ . 8420
Géiw CO S0 87 CRLL &750

adid 23 IHC  HL

BilE TE Lo AsLHL2
BdiF FE Br CF 85

BeS L C2 Z0 8% JP NZ.a42C0
a424 3R 46 41 LD H, {8145
342V Ca Bl RO et

A4235 32 45 &L LD {EI46). R
G427 2L ae 15 LD HL , LtSEa
gdzF CO 30 87 Calk 8730

Ha3E Z3 IHC HL

W22 C0 Fr a9 CALL 8a7&

G436 L E.{HL 3
G437 ] G.aa

335 OgeEC DE

SR #0000 HL.OGE
G358 i HsLHL
A43C FE 20 G g

B47E CZ D& &8s JP KZ, 8456
B4 L Z3 IHC HL

f442 o0 TA 84 CALL @47A

#3445 SE Lo E.{HL

Cc-16



ig DEC OE
iz AOD HL.DE
TE LD A, HLD?
FE &b CF Bl
CZ Sa 84 JF HZ, 8455
3R 45 8L Lo HanBLleR )
H451 Lo Al prbOo 8t
B453 32 45 8t LD (dil48.m
A58 2L w1 LT LD HL. 1581
H455 C0 F0 o7 CALL &vsh
H4E0 23 IHC  HL
#4%0 OO YA &9 CALL 84FR
H4gel TE ] A.CHLD
fdai OO 6 o9 CALL 838E
dded T RET ke
A445 34 48 @b LD M Bldn
He4ES Ca B4 00 &4
A4Sl 32 45 BL LT TBL48 3. A
G4sl O3 RET
S#48E FE 3H CF 38
7R FE reT o
G471 FE 3M CF 3R
473 Fe TE Gs JP H.B478
Fa97g o4 am H
G477y C5 KET
84473 AF ROR R
H4TH CF FET
847R IA 45 9l LD A 81482
Ba70 BT GR H
F47E DS ReT 2
d47F 23 ENC  HL
e 30 CEC #
8431 C3 YO @4 JP #4770
#2434 CO 324 67 ChLL 8734
GB4ET FE 59 CF 59
B335 Cn 33 @4 JpP Z,8433
#4300 FE 4E CP 4E
g4oE Ch 30 99 JP 2. 8430
HaEL BY orR A
g3z CF RET
433 3R 48 8L LD A.lEdB
G855 EY or #
G437 Ch RS 84 JP 2, B4a5
H4%5 B4 ag H
a43g C3F KET
432 3R 4B 8L LD AL BL4E D
Ga3F Y oR <
deee G2 HIT 84 JP RZ . A4RS
HeEE B R H
S48 LF FET
D445 AF HOR A
Hgas 035 FeT
defT FE 25 CF 23
#dHF CH oRc B4 JP . B4AE
G4nis B4 R H
adml CF KET
A4fc 2o UeEC  HL
S4HF 2o UEC HL

C-17



o ofae

O L

O R O D O O O S D D OD O O G

=

000~ o s 1] 00 X A0 G0 =of fa P s 50 000 OO0 00 7 O D) e 3D

.... =
: .ﬁ':l«lh#-lh-.l--t'-h-t'-u-&%&-.
oL o I i i e T i g T g o T g T A v B 6 MY o

"

WO e O LN e s 0 T Y D O e

1B O3 T 0
L TR

Lo Lo o Fo e S S gu L

1.
S R I TN T VLT T M T T R M M om0

oo

I T 8 T R T T T T MU o B
£

s
AR

O e A S B ]

-
!

P

Fa )
L L I Ay I R R PSR S £

N

V=3 0t e Gl B T 07 T

o
LI N

Pl
Lo

-
-
el

C3
Li
co
FE

[
EE

e
&

e
L

ney e
P

(4
m

]

1A
N O e

L=
LA

L ey I R VK VR L3

m e
T O

G Gy o) oo

e
f"‘"

e B

Oy o Y
03 p~ O

[
WO

£330 = v
mox ) ko

wn
o

[ X]
=

Uaal o B gl * b

O N e D

AR

oo

G4
B85
a4

H,CHL?
&g

HZ, @4EB
HL
B,iHLY
8403
8L
Z,84L8
HL

R, UHLD
g1

N, 84C9
H

]

HL,{BLZ2Z)
a37vg

HL ., ae83d
able

a4op
DE.B5LL
84FC

i

¥

e

bDE.{HL)
HL
bDE.B4arA
bE
E.CHL>
HL
B, HLY
113

H

HL , 8238
BaFg

A

HZ

HL
DEswHLD
HL

AL

HL

R L HL 2
=23

Z
Oe.CHL?

c-18



- B
rm

e a4 Jr
Lo
CcEC
Lo
EA
Lb
BeC
Lo
OO
Lo
bec
é@n Lo
Lo
GILE 43 LD
G3LF 8O BeC
' ' LB

o]

a0

F.AF’

Ve O g

AL AT O L ) )

[N

i

puts
Ll

om 1= 1

L

r-

mro@ -
b e o
[

=
| il ool L ol ol ol sl AN

"

-
et

T T =) O 0 e G [ e [T
O (R oI R ) I Y S Y B B I |
p I LT v I o LN i I S T i O A %

5
4
>
ra
W
L

-

T

[
c
I
.
n
[x}
T

2
G522 48 2 &
8523 80 et
@324 LB 23 ELC
8526 52 LD » O
5527 B0 BEC
@S23 Ho 4B I

Inm%nc‘rnmmmwnxnnxmnm:}nnmm
- LS '

i 43 LD £

= al GEC

& 8 ST L.BC
& ac DEC BCQ

G 53 Lo gL

@ o OeC ¢

3 B8s EX RF . RF?
] Bn 4% LD B,45
a geC C

3 G
al

ChCh €A dn cnch o on &n £ Cn Ol Cn in on o

o) Ged 0] ) n) Qo) U el Guf Qe e Cob el Pod Tud P 0 T B D) T

L5 I W S 0 o O e Y I S N P S A o o v e

+ oLl C.538B

N}
L]
o)
n
LYy

(5]

i
& E peC ¢
& ) L H.C
&5 i EX AF . AF’
B 4E L C,{HL?
25 a0 peC ¢
=t 73 Lo A.C
oo B EX AF . aF!
a5 40 Lo C.H
05 4F Lo 2, A
G54a 41 Lo g.c
LT R LG B, H
HEgz el Bec
5543 ET ST 3z
G544 af GEC BC
5545 49 L £, 5
@345 4E Lo .6 HL >
H54Y 44 Lo E,L
faogo di Lo &6,C
G543 05 LG E.EB
SG54n 8L DEC C
@548 53 AGC €
a5d4s o GeC E
S540 4E Le C.CHLS
B354E 45 Ll B.L
a5dF 5V L b.a
G553 243 INC H

Cc-19



1150

NN encndnLnen on
Lnon e Cn cnoCn dnoln

PRI R I 0 O ) B N

G G0 I G 30

e
on
on

-~

3356
8350
HES0
B5SE
S

\Iad
#9al

PR )

[
<
v
I

~

A
o
o
X

LX)
wn
[s 1%

[ B e LYW Rl Y « PR [ VY |

N

[4

D T T O 0T S 5 O
LN ChCN Ch N on en
04 Oy O Oy dy Oy Oy O

th
an

G e O S S0 e e o 0 08 X QR B0 500 I0 O
LA R A B R A R |
I T R T R R K R R R AR s R s e B ? |
1

LNoCn G L oen L Cnoenon

I
CORY T a2 N e P MO 302 0N R0 TN

et
-

£
44
=11
TH
511
1)
a2
43
4E

= 4

Pl ]
al
g4
el
53
41
o8
45

Lr
94
60
453
45

ad

& a0

3 = D U G VT S T Y Y B B e 3 e
LD e b T L TTT OO0 CRAD X PR 0 @ e )

[a]
oz

da D e

O Y]

£

R
1H
N
g B

Ao

G

A )
on o -

[ac)
o

[y
[

a7

o
m
(4]

KOR
Lo
Lo
bec
Lo
oeC
LD
LD
LD
L
LD
bEC
I
DEC
LD
Lo
LD
LY
BEC
SuB
oeC
L
LD
LD
BEC
Lo
GEC
Lo
LB
LD
BeC
RECH
LD

LB
oec
(K1}
Lo
ROF
GEC
L

Lo
CALL
RET
ChaLL
Lo

-
L

4P
Lb
LU
Lo
R
FET
L
ChRLL

oF

[w]
o

- -

-

I;ﬁ@m o oo
r
~

- e e v w

TOoDOOoDoMrraco g

room
X
-
N

- W W w

-~ -

-

e w

€. 4445

[T

m™~ oo m Mmoo POOoODNDOOTTODoOoNoC
-
raoo I oro.

-"'\.f“".c_"l
(g =]
-~ m X1~

S 3 3

X e
21 4= Gl
(1]

S’

o i
=

[uk]

I

& muw
Lo
wu

L4+

2

W& aan

Fro- o= = -0

w0 MO &5 e Tk
=

m

ArL.LgLln)
v2C

B0

Cc-20



4oA2 €3 RET £

axn3 OO 3C 87 CALk 8730
difa 2o OeC HL

9387V 22 ik WL LD cglimd, il
Himer &1 88 wZ L Hi ., B23s
G3h0 Ch ad 85 CALL @500
asB& Cz £z 8BS JP N, BSCZ
H3E3 48 b B.iHLD
@584 CO 05 a9 ChlL @408
W36Y FE &l CF gt

g%e3 CC Cb w4 ChRLL Z,u4CB
@3Bl ©3 RET 2

goBl 23 INC AL
2xpc 3E Lo E-CHLY

gsar C3 05 &3 JP 83CS
B30 CC 31 86 ChAkl Be3l

2305 VB Lo R, E

43Ca oF G =

! [

G507 Fa FET F

BECS LE @& LG E.&8d

#5085 09 KET

S5CE ZA Li 9l LD HL,{BL1lRJ
G53CE CO z€ a7 CALL vzl

gstl FE 2R 4 o ZR

B503 Cm Ev 45 JP Z.85E?
#5ba 3E ZA LO R:ZR

B5hs 32 36 42 LD LEZ3d )R
aslic L1 82 ez LD bE, @z8C
Ashe 2m LA AL LD HL. 8LLA)
BSEL CO 59 87 CALL 67V54

GSE4 CZ EA BS JP BSEA

G5y €O 32 @7 ChLLk av3c

HSER Zf 42 @1l LD HL. @142)
BSEC OO 20 &8 CALL 683D

H3FS Fe gt CF at

(5 CC FB 8% CALL Z.685FB

L5 FET £
23 IRC H
35 8L LD ‘

() RET

AR AR AT
I,
[}
i
I
(]
e

.,.
\od
v O G G SR SN CR R ChGn i n

i g1 &v @z LO HL . 8250
& 4% @b ChaLL oDas

& 2t E3 ul LD HL, @oe3s
& Ch pe &l ChLL ©DO0c

5 (3 RET

i o 12 8aC ChLL ecti3

i 22 CE a5 Jp gIC8

Lo “HL2, B

23 INC  HL

c
F
F
F
F
F
F
E
i
i
|
5]
&
%
Hev
i

U R BULOCR I S i 0 i s B O W I X
(]
o

Fald 73 Lo f:0
Gatl 0s ai SR 81

GHLD 4F L CaF
#5144 D2 BE B JP NZ, 6o8E
; -iT_ﬂ ] DT

(e me

a4 &L LD HL. {8134

Ex DE,{HL )
met LS LD HL . L5dg
Za L 8.z

c-21



U I T AR R R R
O O Ty O O O Oy

k)

&

w30 O
(= K o Pl )

b

] g;. el

Ch T T
O O N 3 B D D iy

T I O e

LW

v L O O O Oy O

L S O I . 1 O U RPN P R T S RO OO B AR CX R A A Al LR CR R CC N A N R

LA W]
X v (N (M 0

o

A

FAR U

o
i

1,

e

[

™y

o
ra

1T

u L N
RO = N = R ' S S R O w I e e SIS DO s R T s SO RO % L s A 5 S

e I eI

[ I o W O O SO T Y S R e R T

—

R R

s s
Wb LGS 2

o

o it T v O o L

0

3
=
=
&
B
5
-
=
i
1

X
>
4
T~
=

55
[
=
F
1

i
=
e |
[~
3
=)
g
o
=
E
]
1

-
;_:'
3
4

I*
by
)
=
3
w0
[m]
[
E
-
-
wi
i
=
=
v
=
&)
£
£
4

4
=
4
5
p
=
=

Lw i ne B B o LY W A et P 0

o s I o T W B I T Y
LY W k]

[
m

~r

(3]
el

£ T M

LI R
78 I I 5 R I iy o IV I R O i W)

&
S
)
=
=

M Pl
- T

=
ay O

[in)

i
b1

con
e on
[
o

=g 00
mrIm
P

o ol

I

n)

(i

oy
=)
[
x|

RET
LF

RET
5u8B
HOD
Lo

KET
el

Lo
LB
ORr

CrLL

[ o
JF
SUE
b
WL
AEH
Lo
P
LE

MM LMI Gl e Gl
- LX) I
b o

b )

HL
A, CHL DY
38
H
3K

w

X

~ hirr
(g |
coan

~-

1} - 1‘,. -
[ R X
[} [r
.} ol
m m

1 I

romRIrMalrozronO0e T mom
v~ =

i I
|

e

C-22



v X D0 I O Oy (O O O O O O O O 0 O O O O Oy O O (0 O

b e LT T Wi WY WL BN W IR WY ¥ RO W S I o I o I T I e et BN
Lo MO e =0 e IR D MCICTTE W 3N Em o

@@?E|mmmlﬁ;lr;1mmlgﬂjﬁurﬁrIll};tmlrpl"‘_-,_HIll‘_'-‘jnzllg||]3 %
o O

-

GaR3
HEHRA
denl
HenF
oeb 1
Hag <

P
o

X
=)

FEET Z
5 3R

(]
o
m
o,

U N A
) “
0y
o

MBI CICICICICIe o Cl e mm

LR AU w W T S A o ) I B v e R PRI « TS O BT L 1 N e

O 0N B R e e B o B o o I W R %
O £ X O O O O O O6 O 6 O O Oy [T

Lo BN B S )
(= 3
Lot o

-
o

i
O O O O i O O
mmmmimirm

S S0

L 5]
m o

L) =) O QD ) =) I

J P ) O = P2 =g N

=

-—

Cs

Cr
Ch

= vt

5 87

CH
C3

22

Fat ol 4
[ B3

73

FE 4

Fe
ge

-
— I

-

3

C
LA

[0S IS I (3]
[aadied I 1 E ]

™~

Cr b O3 02
XDy =) O -

3a
3g
&5

)
=

I +
e M

o R I
A R B SN

4= T T

KR O R e I

L I L)

=
(L]

ai
da

ai
&

ar

gz
dai

CIHT
crP
JF
Lo
IRC
Lo
ROG
LD
IRC
LB
LG
RET
Lo
Le
INC
AUR
SuB
Lo
RET
A0
Lb
JF
ar
LG
CALL
ChLL
£F
RET
cP
S

CALL
INC

0 o
br e g A

ig

e
Z,B8a8%5
{HLZ. R
HL

R E

3g
(HL>». A
HL

AL 80
{HL A

H. 2Dl
(HLY, A
HL

H

E.n

H
(8L49), R
dand

H
(gi43i, A
g4va
av2C

gl

Z

2K
Z,68alz
24
Z.8a8C2
By 20

HL
A.LEL45)
B

Z,80n4

BoAL
(BL1G),HL
748

#,C

L H

M, dobia
DR 1

HL, @alin)

OE.,B23F

BCS4
BE.CHLI
HL

H. 80

CHL A

HL . 823F

UE. 8258
gafrb

"

NZ.8ar4

HL,{@Ll1Rm)

T

(I 1~

Cc-23



BeF i D3 Ag 89 J4F Bond
GEFS 2R LA 8L LD HL.c8l1a)
BaFv CC 45 o7 CALL 8740
gaFh CF RET

HEFE L0 A CHLD
Garic sl or al

BaFE i3 &y Jp 2.68713
g7aL LG C.h
Gres INC HL

EH £A BE,CHL >
&y Lix HaCHL?
a7 wi LF gl

= 23 87 JP 2,873

cF £

7 JP NE. 8728
iHC  HL
® BE.,{HL >

T PVT VY R0 af B3 ) Py T P 02 Gt M T MM Y A
[gx)
g
[}

L U T O O o L0 T T T A I T TS O e T 3 R I

FE 8& JP  BEFE
EX  DE,(HL)
i LD A OHLD
& an  CF el
i Z3 87 JF Z,@723
G7Le OO 46 @7 CALL BF45
EE EX  DE,(HL)

HE AOR A
L3 FET
: CRLL 874a
£t EX DE,{HLD

L
L
Ja
o
E:l
=)

Ch 45 &7 CRLL &74s

AF HOR H

L2 RET

ED s DE.CHL 2

=E O H

B RET

T LB A CHLD
CP 2a
RET NE
ihC  HL

gy JP . FEA N
Lb A, {HLY

ce

RET N

HL

,-
o B Bt et Bt B e R RN | f ol g g a] Sed =] val

SO A b e Tt TR e T I

N

ot

0y

VED OIS
e R RN N R B B ) M R S
(Y]
il

F R

[ed
(]
[yl
w

s
N

o I I o N v O Y T I R O o I O o i

SN e I LY I e ol i P O T S IR R X e
[l
m
©

3
3
3
a7 3 3% 87 JrP 34
F73 ZC &7 ChpLL a7zg
w7z 3 82 L tc.uzgn
874 S4 87 Call 6754
S ke
BY4A BE Bl L  C.el
#7453 GO BS B7 CALL g7vE3
far4E C& el 2
5 Wi Mol @i
4F L C.h
23 IHC  HL
. 03 &3 87y JP 867453
G75a Bz g1 Lo C.et
H@YSs LD 55 BY CARLL BYES

c-24



B3

STE T ST
oL 23

sl

]
n

AR o e e i

D 3% O O 0y 2N

Eg R AR IV ()

Bas) B B T LY |

T 5 O

-
o

- Do R TR Ty e J=ar = T |
L B e B B Bt Il B B T N I s K e s B O

TG0 e R R O D D g
O L= B b TIN5 M0l ] b b DT MO T

S
!

b
1

7
¥

-
7
-
v
-
7
-
s
-
1

¥

DO O ' I

[ )

TSR % A O O O

L R R R Ry
LR LY WY s v R K
LR N AR AR i

m

T
U Biactt Bty B )

e
]

S
&
&

RIS RO O R & o

o b 03 ] =) 73 P da O ) O Y VY

v i 0 O
IR s ERCOCR 0. BUVCRGAY VS B 3 B DYl s A R wl o u W |

-
.

K

%
i

ol
fun]

(03]

]
P

Ll T 0] 0% (% W0 (30 1

s

Y MR £ 0
w

Lo QO
LAy

oo
=] [

Dt}
/%]

Pur)

=J

m
-y

Ja 0D LN 1
m X A da

DR A
CY Py o @D

L]
-]

IRC
Ex
Lo
Lo
oo
Lo
IHC
EX

e

INC
EX
LG
Lb
InC
X
KO
KE
LG

CALL

o
ce
RET
Lo
Lk
DEC
DEE

ChRLL

cr
JpP
CF
rET
LO
LG
RET
LD

CrLL

LG

CHLL

FET
Lo
LD
CF
RET
CP
RET
[
ESHO
LG
INC
JP
LG
CF
RET
SUB
LD
QEC

HL
DE.CHL?
BvSa

HL
OE.CHL)D
H b
CHLJ R
HL
BE,{HL>
H

OE.@238
8734
A, C

HL.C@L22)
De,824B
HC54

C.a1
Ha K HL 2
a0

—

XOR DRI O8N G R

™
b2

c-25



(|

AT b e - R T

B o Bl et B B B ) (R T B s R |

=l
[

NN
(]

a!

g I I 2 s T T e I o O e O R B v S R

PO By B 0 B B )

.,
i

et
00 I e =) Qe o L) = 50 0 2000 T W0 O

o

gy

Pt I A e il 2

iy
RO T w0 LR I

1
1

O - O Wl B PTG CT Ty VOO MOy My ™M O

o LD BT R G O T 00 X PO 0 0

0 o I T T

o

-

Ea I T TR T B O e )
v =)

B e B B T B e B I e T M Mt BN R
P bt pee e OG5 D M o S T T Y M T M 0 M P IT e

N
Rt 38 TR A e s T N I P i LY s TR S A L R e LY S R

S A5 G0 s I

TS 1%

YR AR

A

-

WL

eI U e

e

T
KRR |

SRR AT ot
SR B

La
-
F e
4 7
o
=

r

=

Lo

LU A WO U e W R o oy ')

el

i

bt O I R v T I o S vt B I I P
R O I u B T e B N i 0 LY W e e i N

I
m

[
a2

X

ld:'

oy

=+

=
h S

AR}
=) e

o

Loy

oI o v

S I on ]

G L e O
[ I B %

1

[a}
L

Ny
RE
Lk
cF
RET
cF
KE
CF
FET
8
RET
3
RET
EF
RET
EF
RET
EF
RET
EF
ReT
EF
RET
cF
RET
e
RET
L
RET
Ko
Lo
LG
EA
Lo
Lg
IHE
EA

CRLL

LE
aw
rE

1 M

Lo
LL
ald

} o
L

i
CHL
Le
Slig
LE

Ll
£ S

Lo
Ex
Lo
LG

-

CHlL

@7 nE
RaLHLD?
E.nA

-~

Z
el
Z
et
z

=

)
m

m I

Lo O I Y I R o I T T o I AR AN PR U S AN P I AN
] L5 ay [y} [ ol m

e

H
LgL48i. R
HL,c@8iim)
BE,(HLD
HL,<alil)
B.uHLD

HL
De.chid
#33y

R

RO R B #3

giimo.HL
L BL43

[y i =

(31480, R
HL.caLiC2
arv 30

-

b ol
i

gl
C:h

OE. 8230
HL,L@BLLlmD
geoe
{@13ad.Hi
GE.(HL?

R Ed

LHL . A

c-26



HELE 2R
3 T A
il £po
1T = “r 4
bt C <4
HEZ2 L LD
GEE4 E7

o
s

YN

1%} < Fat H
T -
=t el

3

()

Lo XCIOw)

L I O B e i I

I}

G
(53
;;} ]
=
HE

(A
&

%
X0

| T SN SN S R SR T U S RN ol B | Gy it Lt 0l D) el T

My X
SO s o I TR F L T W e v N ¢ s M < I TS O I i I
01 T 791 el led TV O N T TV 00 00 T M M0 Y ke e B

S A )
"

.H
e’
(i}

il e

ToaTr

()

i
=) i

-
!

Ol 0 O D OO O
TP O T O RN e

m
m

.h,_
AR
o

-
-

M L

2 =8
354 Ld
e~
4 e e L
S
Sodr
viE Tk
G353
e
Hooio
g ST
AT
- ey

BT KI I PO R N

A0

[
e AR e s T A R o R e B e B o

1

Lo S R o Y S ORI B I OO e W A O ' S W i b v SRRV G

(]

-
A

i—l
45
ik
1,
=
o
oy
[,

| a0V ]

b O Y

LA

O Oy I

[ AJ
.—'v us

B S
i

(X}
| il

)

Tt

LN

n::

oI

DO

WA AN}
P G O ful

5=
DAl

gy
ai

(]
0a

[}

(i)
X

(k]
=~

-
o

[
= e

-
s

L
Ex

1.
[ &)

CHLL

ar
JF
Lo
THC
Lo
JF
L
(]
meT

RET

HL X BL1ES
CE.CHL
fL . 8250
darg

-

N, 0532
HL.{BLLIR)D
HL
LELLIAHL
8vEn
HL.&8148
L% HL 2

C,dal
A CHLD

O ITITO@Ir QN
W~ =~ -
] I [ N
u o
.
w

S L X0 SO o
a m = -
oD I
o
r
Nl

il

Cy O P T P Ty T
- L]

=g
F.E36E
-
H

a0

o3 %

15
-] -

oI
m



}37F 2z 22 vl LD {81227, Hi
W83z 21 40 &L LD Hi . &814C
BL

Lk velze), B
EX OE,(HL)

DX |
o O
Q0 0
L
m P
o0 P

[

[ ]

@333 Zn 358 8L LD HL.<8L38)
BE8C CO 4C @3 CRLL as4

#35F FE Z4 CP 24

#3231 Ch 5C @83 JP &, 8530
#3334 FE 23 CF 23

#3538 Ca Al B3 JP 2. 83R0
#8335 03 B3 83 JP 86383

#4332 CO Li 8% CALL a3til

H33F FE @t cr gt

G2ni C2 83 Ba JP He . Ba33
B¥a4 Ll 4C 8Ll LD LE,a14C
38RV ZA 22 8L LD HL,{@Ll22)
B8Hw C3 BA &3 JP S3BR

3Rl CO CC &85 CwmllL vasCcCc

3@ C3 9F 83 JP B#3IF

F3EZ ZR 28 Bi LD HL.{@3L12a8)
o384 EB ER OE.CHL )
H387 Zm 38 &l LD HL.,{&8138)
wigs CO 78 83 CaLL Bs7@

@acd CU 34 a2 ChLL BCS4

B#ECE 3 =l LD SPRclal

S3C2 Eg EX OE,{HL)
BICE TV Lo CHL YR
maCs 2L 4C @i LO HL.,B814€
2207y GO 4% a0 CALL 9043

HECH AF SOR A

SS5CE C3 EET

5 T Lo H.C

GECT D8 2L S &t

BEsF LR OGO Aag Jr £, 8800
GIOZ 4F L0 CoA

Q363 2R 28 @i LD HL.{B1z28)
@dda ES EX OE.CHL?
HEGTY 24 38 ai LD HL,{@133)
@#30A CO S84 aC CALL acs4

DEGO 44 Lo B.H

H3de 40 L c.L

d50F EE EX GE.{HL >
Gizd ZZ 29 el LOb CELZB ), HL
HET S 58 LD H:B

HEEd B3 R L.C

BEEDS 23 IRC HL

AECS SE Lo C.{RL>
BEETY 23 INC HL

famio Zf 38 @1 LD (1332, HL
oEED 41 Lo &,C

w3 CO 05 =4 CALL 64Bp3

BIEF FE @t CF gL

GiFL L& RET £

mEF2 23 INC HL

A3F3 S Lh EsEHLI
S3Fd Zi 38 8z LD HL . 8288
H@3FY DO o5 6o CRLL 6883

c-28



T
)

O I N ]

=4 73 P
(IR min B ol e )
=] 20
i 00

N O o
'uv.-

L D D LD D bl T D R D D D M D gD e W g O QO )

L SO R W S O G O o S o S e S O e s A AL A RO RO A S e Wt |

o

0 S =D
]

Tl

e G D
P G
| OO

L

..........
0k
=

-

A PR

et
(2}
20
[ood

v x]

ool

—

Do)

(kK]

WU I )

[}
[

AR R

-
2!

1

B R T L T N B

i S SN R P8 O 4 RS Y B S |
L OO

5
[V

V) T Pod DO D 8

It I B LR A S R e S S

m

Ty
= O

La)
M

[ X
[}

0 e R D S o D O D 00 R 0T

L0 AT AT N T g g Mgt gD L YDy R L A0 N g Tg W oy

RO B R | B i i Y DY MU J 28

A

oUW

.
G

A S
3 0 LD 23 00 0

L e W N e L |

o N}

e
o

Dl

AL TR LR LI e U0 B PR N Ui ) ol v BRARE o) s B PO VIR I RPN O (e B TR I O SO LN ERF S TR A oy T o)

i

A ]
-+

Ee
e

i
[ )

LR N K YN §
O O 0 oL L0

DR BUPH B B KNI KON
o M S B 1 I

[ R

HL.{@lza)
DE.CHLY
HL.B238
a3y e

R.E

233

C.n

ac54
UDE,<{HL?
(Ei2e), Hi

HL. 81lze)
bE, HL
HL,{&L33)
BL34

B.H

c.L
BE.CHLD
(Bled), HL
H.B

L.,E

Fa0

HL
(B133),HL
HL. {8134
HL

8538

gt

2
U33F

HL

E:H

€.,L

HL. @1z28)
DE,(HL?>
H. B

L.C

gard

A, C

dl

C: 8

8Cod
OE.CHL »
Ldize s, Ho
A

HL.C@LLAD
87 2c

24

NZ, 8576
GE. 823F
B75s

C-29



S

R
N

U N

-
-

T N R P R R LS P VO VR
B B g B s KOs L v Y

DO el B e D CD T 0 G 0 BN T e VO M0 T e G P e T D030 B G S EY T <) O AP T D

R R

B3I U O T B AU ey T

!

o 0 D

o

RV R R R R ¥

o O O T
WD T NG N LT LD e AT T g g D gl v

!

DA

L LD L0 T L L

WA

.
e

U
I

-
=

)

L R T Y n B v N W

S T O v I A R B e s e e 3

TR TN T T SR
U SRR U o Y I W
o

!

-
R

-

O
AR YR Y LY e

%0

N ]

—

A
J

X T

SO RN

Lyt
U b |

D
"
l—-n.

oy
W

T
vk T

= -
JOUR R

-

R O i R R o B B i e s B O
e VR T R Y LY

MO S L vy W0 L g L

T

Fad g

Gd = P2 3 ™M C0 C 2

LU B S O U ) LYW i )

-
0 m

[ 4

LN N T o T I e I )
POV ) 20 e

b §

Lanis A}

L v

DO WX

F 0]

LM oox I

DAL W O

02
o2

LN s ]
oy

H
I

=) & QMM e
= =E &

G X Cof 0 O 000 G

I

WL D 10
LM odm I

]
£

nt ..
o

el
4. M

g

[l

LY I F3 v

o

@agd
a3
&3
gl

- -

ey

Bl

CALL
CALL
RET
5% o
Jr
ENC
b
LD
CRLL
ChLL
ChLL
RET
ChLL
EET
CrlL
Lb
Lo
CF
RET
INC
Lb
coF
JF
CrRtl
JF
GP
JP
CF
RET
LD
CRLL
CRLL
JP
Lo
(TR
Lo

LG

5 CALL

LD
0w
RET
LD
CALL
LD
CRLL
LD
LD
CriLL
Lo
It
RET
Call
LD
Lo
GEC
Lb

CAL4A), A
8353
@99F
@Aas

84339

6La3
HL,B130
R.{HLD
LA

HZ

HL
HoCHL 2
a0
£,B38F
g3CE
@383

ig

N, 8387
3n

H

HL, GE4R
abOE
8333
833F
AL, BL3h
ity
B.C
HL.{BL134)

B3EQ
H:C

G
HL,8L30
EHNT )

=

TR !

)
)
T

-~ £y
o

men -

- -

I Xro eI X0 3 01&

-
o
1:_-

Cc-30



UL o e B AU AR RO I %]
LD T RO LD T LY LTy Lyl T gD gD

1%
TN MM mmmmpEmmmm

[
L
FRLORRRY N PR I K i O e LY s W Y PR ) 2%

%)

=l

—

-

U RO WO s e )
X Xr X+ A X X X X X

D

Y 5
o R R T ORI el ol LT S ST sl Rl N A R S I A RN

=

D O OG0 D

)

I ]

o

S 5
I Te Tr X T T T> Xr X T X

o

D)

bo sy &

2 B bt B b B O B
I X XL+ Xo XL-
el G Lol Tod

Xe dx

RN

O o Gl S0 2 Te =0 Ja = MDD A0 T G s MO T =0 €0 RO = 070707 08 Ja [

RN PR o G s Y ol I R N T Y R O
g X 2

e

X X X X

DR IR RO [ S A [ SRt S S S N Y|

= R S
o O 8 B AU

.

X e v X %-

X
[AOCRTS B I s s S W O O O &

L W A e X
)
o Oy

A
3|

-,

ca

o

o on
o3 & 3

1

-] -
Jomd @ O T M

[ I <A U o I o I O 0 O T A B Y I T e O 8
O 0 D103 =0 N C s 0 O 3

cm
om

cs

1 )
3 )

o

0

0 o
O~

|

~

A%
=

L el T

el i
O E3s }

[ty IR e T W R et N B W Y

[
Il T e U203 Y s 50 v X

-4 )
L

3L M
b o

L i |
Z2nm

P D

)

“ L,
e

£
I

[ BN

MI = wI -] I

a3
a1

CH
|k

gL
gv
éa
gl

bs @4

@4

" Bl

C G

¢ Bl

Gl
B
gn

+

L
gL
gr
a1
g1
dH
de
a1
el
a1

gi

z e

(A
I

=
fan

LD
RET
Lo
Lo
geC
L
B o
I
LD
sSUs
LD
JP
LD
LE
RET
Lth
CRLL
L
KET
LD
CALL
CRLL

Lo
Chtl
cP
CHLL
RET
INC
Lo
RET
Lo
LD
JP
LD
R
Lo
LD
ChLL
Lb
LD
Chil
LD

[
CALL
ChLl

¥
| 5

(N

i.
LD
Cril
LD
e

+ Lebll

EET
.
BEC
Lo

CHL DR

E.L

G:H

RL
HsUHLD
33
£.89FC
kB

Bl

B.n
NZ,B83E8
Lel3d4), HL
{HLJ,81

HL, @bOFF
aole
C,oe

HL. @190
e72C
8531l
HL, @ l4m
B,CHL)
8404

Bt
Z.946h

“
HL
CHL J,E

HL. 8147
CHL >, 3E
HAZB

HL, @147
LHL >, 2€
HL.C@LLlR)
(BL30), HL
drgd
HL.CB135)
CELLlA), HL
eénly
HL,8L50
CBLLIAJ, HL
ganY

GrUY
HL,al130
L3lind, HL
Hi,dlEE
{2L1C),. HL
gvEZ

f.C

M

N, EnTR
RE
HL,{@13C)
HL

HoCHL DY

c-31



i

-
Iy 21

X

=] G =]
Lo n IS U

m

(e e e N e ]
S

m

& 2
I

7
o e NI St PR (O SRV

LYV LN |
R L]
GG O
I Ir b

s

E AN T T A TV T o T e O O T el O I e
(1

Lo SRV RS s n P PO w P, s )

U T T T T 0 B B e S e S
[an]
[

“
) fal
-]

(]
(o]
[

)

B T T e AL N Y S A o T I e B Y R RO o i R

A
.l

O

.

LTI o 3 T P S I R e T o
Xr L T T T X Ty Xy A XL T X X X L X e T X T X A» X

-

DU WA I s I e )
$a

T T T Tr

g

Pl 00

o M

P

SO e T R e
I

5
P s

WO S T 5
e 1o X
C2 0 00 Gl = 1V e 3 30 X 0D

T X

s

00D
X

i

b
BN o G R o e e e e e e i e i i T B S L A B T T R B S R B I W WO R R WIS B B |

L O P O o N o T Y O P S i B A 0 A T W 0 K R B O T I S
QUL R DT Y o T o TN O T T Y P O i I

L Ir
IS
oA T L] =4 M 0 0 2 T

o=

ET0 %0 50 D
b

I
Cr 0y 5y

m
nn)

oF
JF
IRC
LE
cF

ar JP

aP

CrLL

RET
OR
LG
RET
HKOR
Lb
RET
LD

Lb

ChLL

JP
EHC
En
Lo
IRC
Ex
JP
IHE
EX
LEb
Lo
IHC

[ 9]
=¥

LG
FET
Lo
LD
oF
RET
LD
EE
RE
LD
Lo
LD
INC
EX

Ertl

LOo

Chtl

Lol ¥
f=are]

beC
L
Le
IHC
b
Lo
LD
[

ab

2. 8872
HL
H:CHLD
80
Z,8R7e
BR3t
trRrB

H
{@i4BJ. R

]
{@L4B ), A

HL.£8@1l3E)
UE,6LlEE
BRIF
Z,8A54

HL

bz, {HL?
vHL ). B

HL
DE.{HL Y
BR3G

HL
DE,(HL >
K. @D
CHL R
HL
UE,LHL?
{Egl3C),HL

Ra{HLD
B
et

1

L0147 )

m I

HL.az28B
H.Z8
CHL R

HL
BE.{HL?
HL. @8L1R}
BYoQ
AL.iBLLAY
#5354
OE,{HL D
HL

A. 2
CHLY:R

HL

EERIE

LHL 2R
HL.{8LLA2
OE.(HL 2

Cc-32



(%]
I X»

L, B Bl B e N e N o T B e

o 0 30 S O S

i

e

=0T T ood On ) S0 T T

I X T X X Xr X>» Le X XL

RO s

!

e
!

%
W)

AN
X dr X Ix Xe X

A L )

-
—

g
e

b I A )
X X A> Xr Tr Ax X

D Y

X
MMM NImmmmmmntmm

—

-

-~ - .
O R R O SR N B N

[

[ AN I A l:;:l SO TTM

A

Dl

-
oo ooy o oo n n oyoom

- i
SN

[ e

-
--'-I

e R e R %D T 0 R T T 0% T O S

CRAa Oy Gl M CT T S D el B = DT CYT N0 0 U0 P e 022 TIMD T e 100 3 =l O ] e

el Tole T3 D Pl PO P s o et et et g e e (5 0R0 05D

00 10 020 00 02 gy 00 01 o

e
—

=
Gy

-
Lt 1

L3 I I AN Y PN

D A A
0 o0 B0 e 000 ) m

X
S R T |

AR

-

Mk e T T ML) MM

™0

zL 58
CO

1 MY RS
OO L b e OPY  3

1

J T T
AT

3 T =) Pl 0 T DD G
L % i 3 R

S I E0S B

)

1 @i

N1 s N s T3 P
Lo I o I e I w0 1 I

B OV L N

Mo e

-~

ar

(N

@l

gaA

dn
fi
R
81
i

g
515

i JP

Lo

ChRLL

L

CrLL

RET
Lo
LD
LD
cpP
RET
CF
JP
IRC
JP
INC
LD
CF
JF
LD

ChLL

LD
SP
IHC
L
GeC
LG
L
CF
RET
IRC

i JP

Lo
LD

ChLL

(1]
O
JF
INC

CaLl

P

g JFP

Lb
KOR
Lo
LL
JP

CaLl

LG
Lo
Lo
IHC

CRLL

CP

CF

;4P

~
-

Je

HL . @288
8750
HL , 8238

BCo4

HL.{BLLIR)
(B11Co. HL
R:CHLD

el

24
Z,8RER

HL

galin

HL

R:{HL D
28

M2, BR0E
Le11lC),HL
8RFD
HL.{Blll)>
grtEl

HL

Bs<HL)

HL

tHL ). B
HsCHLD
a0

&

Hi

eRFD
HL,(BLlLlA>
B, 30

8337

A, C

2]
Z,8B?7

HL

gvr2C

b
NZ,8BzC
(BLLC). HL
H
£814590, R/
HL,(BLLD)
BBl

BB 3F

HL: 8143
CHL)SE
RL,CBL33)
ik

4720

=

£,8B73

20

<, Gal

2B

Z,8B4F

Cc-33



5
L= ]

T D O
0 T 03 00 O 0 5 0)

Ao =) ) g Ty (O O
e O Gl T ED T O

=5
15

D

~
i

R D

e LYWL YW RN IR Y WV E W RUY w R

1 -‘Jl‘IJ_:lﬂ:‘DZJUL‘U'.‘mDJﬂ.J'I'ﬂJ

L1 1),
i
RN R e o I O B O R B |

D B I o

e
—_

g
31 I KIN 0 D gy TN 00 [0 00 rny 0 0

AR AR SR A i 2

[ LY T O o T T I O o e LT W Y S Y R

[ B R o

3OO I s B % N

ey

[ W]
T 0l T T 03 G2 0

AR R N g

LR OON 1

N

=
-

23
co
3H
53
FE
Fe
FE
ol o

-
L

£
[

=
=

Ch
Z1

co

e B B~
A LF

LE

i3 CO

- ?G

i} m i R =

¢l
()
it
1
Co
2L
ch

cs

=] 0

Wl

Ju 4D
M

o g
) [l %

=}

e WD
v

5 b P 0

L o AD

(]

[ux]

Q5 =)

m &0 u

X =) O
N1 A0 (5 i)

Lo B N B SRV ]
[ R YRRV WCH b ]

[

o

Cel G D0
03 AN

(o]

)

[y A
T e O

S B3

gl

prcg

BE

CaLL
)
F

INC
Cakl
LE
Al
CF
N
LE

IHC

 LHLL

Lo
Sus
CP
4P
CP
Je
Lo
ChLL
RET
CRLL
Lo
CALL
RET
LD
ChLL
CALL

“

i CaLkL

RET
LD

c Call

CHLL
Lo
Crbl
RET

7 CALL

LALL
<P
ChLL
Lo
RET
L

Lo

[ u N |

LHL
CF

; CALL

FET
1HC
[
RET
LD
ChLL
ChLL
JP
Lo

8B53F
gBv3

Hi

aoIF
HoLigs)
E

a4
F.aB&L
E-R

8673

HL

gB3F
H.(EE43)
&

3B
F.8B7Z
a4
P.aB%8
E.n

Gscy

B3¢9
AL . GEES
vule

E.a3
gple
@373
HL,BELC
ebbe

E.S5D
GBCH
Ba7 s
HL.,BEZD
80DE

(

m &
[ =3 (X

b
¥
’

fdg
Z.d8B@
Ba3l
81383, HL

“H138),HL
B.CHL)Y
a4b3

233

£, 8408

HL
E-{HL)

HL.L8Lin)
BYZE

838

HZ, 8Bvy
B.CHLY

Cc-3k



BECD CO 05 &4 CaLL o405
GROE FE 8i CF =33
BROZ CC CB a4 Call Z2.84CB
GBOS G RET 2

aRllg 23 IHC HL
galy 73 Lo {HL 3, E

aBlkz O3 RET
B#BGS B9 R H
aBlin O3 rRET
GEGE C3 RET

GelC 35 45 o1 LD S0 81450
GElF BFY O #

SEcd Ch BF &3 JP 2., 836F
HEEs C0O 353 80 CALL gg3s
HEER C3 RET

SEEY CO ga L4 CRLL L4688
gEa CO S8 83 CaLL 835a
GRell C% RET

HEEE ZA 34 @i LD HL.,{@a134)
BBF L 38 Zo Lo LHL > B
@geFZ zn 3€ &t LD HL,{BL13E)
@BFE 38 8L Lo cHL>. O1
HEFE ZE DEC HL

gErFs 22 39 al Lb (@134 ), HL
HEFC 03 RET

BRFL 2L Sa a8z LD HL . 8258
HCEn do 4L LB EBE.41
acez 74 Lo R:B

Ble3 FE 5B CF SB

gleZ O& RET 2

2as 7V LD THL > A
BoEyY 23 IRC HL

doEss ZE 8d Lo A.ag
B8R 77 LG CHL)Y: R
BCag £3 ikC HL

glaz T8 LD M. B

GCR0O C6 4t nolh 81

SCaF 47 Lo B, R

G0la 03 B3 8C JP HOR3
BC0LZ Z1 45 ail LD HL,B81L45
BLis FE Lo HsCHLD
BILT OB 2L ADD @1l

BC13 Fg &3 CP a3

SLiE FR Z3 &ac JrP H, 8025
Bl1E 21 38 @E LD HL, 8E38
aczl OO0 GE &0 CALL 8ODe
A0zg O ~ET

BLES 7T Lt {HL XA
BLES A0 R

GLEV LE C.h

)
I
(]
[aad
-
(=}

HL.{BL3AD

W IS

I

&Y

4F

< 2

SLZE EB Ex  DE,CHLD
BLZ0 2L 24 8L L RL.@lz4
GizF 70 L AlL
alie 51 RO C
SCs1 &F Lo L.A
#iz 7 L0 CHL),D
3033 Le 4L OO &l

C-35



0 a = 0w in !

P fa O3 L) 9~ O
|l |

Cad G in) el 0]

ﬁ:l'g Gl 2
1 TR v

U o A A N

] )
L O o R o T O e O B a0 B R 3
s et B e N I = O R w ' RO« O % R

S
s o RN T S o o e e R N 0 I 0 A B R 8

%
fote]

W o 050

L

-

-

wi]

TSN I L

DRI S B A I R R B AT R O b )
[ O o T ke T o B o e T o O N O v O O i B |

L S R W I I S W I S e

ot B < T R |

-
)

i

o B
1

Cs
aF

~ g

e

5 EB
3 2z

2t ¢

Pd fe CO 00 =4 03 =003 )
CJ O QD =g W WD = Oy [T

mro =) m
o Gl & o

73

I I SN
r‘mnl

Lo e Fud e g0 )

L Ay L R A B R

o o P o)
N E M & A

&
[

()}
L

NN IJ":CJ

o )

S

L

aL

&gl
ai

oy
g

L]
(o]

RET

IRC
Ex
Lb
INC
Ex
LD
sue
Lo
JP
RET
Lo
LG
LD

3
|8

Lo

ChaLL

cF
JP
cr
JP
LP
JF
CF
4
AOR
LG
IRC
LD
CP
OEC
LG

L:A
CHLJLE

A.{ 81450
=

C.n
HL.B81249
R.L

C

L:g
O,CHLJ
a1

L:"
E.THL)
Ce,(HL)D
(Gi3R ), HL
HL,&a145
A, (HL )
8l
CHL 2. R

PR

]

Z
B:CHL)
HL
GE,(HL)D
{HL),B
HL

Be. (HL
TR

el

C,R

NZ, 8C54

HL. #8130
CHL36),HL
HL,@144
B,(HL)
HL,{ 8138
giaa

(8130, HL
511
2.8CH1

B

B B

c-36



BCS? BY Gr H

aCl55 Ce aF el JP NZ, aCaF
230 Bz 9o Lt C.,ed
acso FL LG <HLJ.C
g3z CO o3 el ChLlL o183
Winl C0 C2 vl ChLL 8LC3
@#rnd C3 RET

BonT Bc 3C LO C.,3C
@Ay CO @3 ot CALL @163

#oan CO C4 8C CALL 8vcC4
@oR €3 85 6 JP 8eed

@Cea 78 Lo A.B
BIEL 21 44 &l LD HL.&144
BLES 4E Lk C,{HL
BLES B3I cF Cc

B#lEs CAd &F aC JP Z.eCaF
GLEY ag IWC B

HODA &R 3a 8L LD HL,L8L38)
WCED ZE GEC HL

SLRE 22 38 Al LD (E138),HL
A1 C3 7z ag JP gira
a4 aw NOP

#CCS ag N

GCCa BG RO

BLCY Go HiF

GLOCE @ HOF

SCCY BE 8b Lo c,al
HCCE CO 83 &1 ChlL ale3
a#CCE CF RET

BCCF CO L3 84 CALL gals
oz 21 a9 LS LD HL, L1588
LGS FE Lo HstHLD
BLlla 22 22 aL tLh LELZ2 ), HL
B3 FE 9Ot CF @1

B@COE CRx ZF ab JP Z.802F
L0 CO g ol CALL atlas
BCEL FE Zo CP z@

WCE3 C2 FZ2 &0 4P HZ,8CFZ
BoEs C3 GS aC JP BoOS
B#IEZ FE LD F.uRLD
BCEA FE &L CF gl

BEC CR 2F ap J4p Z,802F
HLEF OO de &L CALL oiaé
BLFZ FE o CF 1%

HiF4 Cr EF @C 4P Z,aCEF
SCFY FE 7F CF FF

HoFT CA EF BC JF Z.,acEF
Q-2 Fe LA oF iR :]

QCFE Ch 3B &0 4P Z.ah3B
BRiEl Fe LS GF 13

G0E3 ChR L ap Jp c.abz2t
duas Fe SF cr =F

#ds CA LD a0 JP 2. alth
= Lo {HL IR
SED Z3 IHC HL

atal Fe &l oF ]

piwies CZ2 ES a8 JP HZ,BCES
Bhtz CO C3 a8l CALL Bccs

C-37



W]

vt

ST I I B o
Mol = pot pos pos ot pme
L i O LY O w5 S i e e R R K

e

Ea U R A S R A TR I e W o B
23 0100

it Ve

ke )

ol N e Rl N ol o ea i e B o r e i s R e R e el el e e

-
L DD T k] 20

SO ol B B e B e |
L I O R T P O A 2 S S A M B B I I I O LI o e

LI R O I e

afima i e Bl o x
o} o 0T AN LH OB S Gl T O T e

oD 0 G D D O

15
o

DRI A

e e e s I e o e e B o o
O3l ] s o

0 i

pu—

el L
UL P

I

T S g

-
=00

[

s S o B e S T e el B i v )

i

-
o

S B I A S O s e LY R

]

G s
IR

i
1,

T e e M T

{OURY i I Y KO T O M O o T SO O T e T 0 0w L R A0 O

[maaL R I S =

I W

e

i

Al

F]
>

I RN

&

[T e T I o R
[ ok it Y o Qo

WOV LG R OO 30 0 O

N
i

1
-1 L)

17 ) 00 ) Kt

D ' I R e B AR

L

-

2 N L i Y S o TV Y O S o B N 2 2

O 0 Ry e

AT

e 5 B i S s S et S RO RN e B S VIR

A =
ol

i

1

e
P>

[ win I e B ]

[+ L S <8
3 % T oul

“u)
T

b I A OS]
= e L 00

oy & G
m F 0l

e G 0 e D
D xBTS o I ALV R
F U U A o o

o
(0]

]

(]

L)
)

om0 T
P

(a1
o

L1 b pe

DU o v

P e T por g

[}
rl £d

JF
L

I

4P

fed

JF
Lh

CrLL

LHL

LD
JP
LG

Cnll
i L0
ChlLl

LO
LG

CALL

LD
L

ReT

L

INC

Lo
1]
I

RET

|5

Lo

do CALL

CF
JP
Ex
I
L
Lo

CaLL

L
™

ChLL

RET

JF

5 LD
Gl CALL

CF
JP

oCcT
rei

LG
L

CALL
EET

LD

r
i

ChaLL

by
Lif

LG

RET

LE

BCDOS
CHL Y A

HL

aCES

HL

aCEF

C. 30

H6183

HECY
HL.£8L22)
8CEF
HL,CBLZZ)
6049

Hi . BOFS
sBO0E

CHL 2,81
LBL182,HL
aLl4
HL,@145
CHL 288

A CHL D
HL

g.H
E.L

gL

C:h
HL.(8l48)
80sl

B0

2, 8068
DE.<HL)
a4 3

C.en

HL. Bl48 )
abab
GE,{HL?
EHa47A

CHL >
HL. 15ua
R

gl

HZ., 0071

HL.,G183
LEldd s HL
HOaE
HL.8163
CElde s, HE
abaE

HL . 2183
cgide ), HL

HL,aLlac

c-38



OO 2 48 @1 LD {dide ) HL
207a CO BE 80 ChLL 8Da&E
Bos0 21 83 al LD HL.,8183
dhfa 22 48 @l LD {Ei148), HL
g5z 03 RET

diagd ¢9 LD R, C
a0as C3 88 aF JP Grog
BORE g NGP

abips &g NOF

ghaa a8 NG

BisE adg ROP

BinC =g HGF

aoal oo HP

Al oa NGP

abarF a8 NGF

alEe o NOP

ShEL aa (L HS

(SIS JER 1] HOP

Bies ad ROF

abs4 da HGF

ahiEs a9 NOP

dusSo gt NGF

057 Aad ROP

GoBs Bu NGF

305 ag HOF

afiEn o HOP

aleg & NGP

e I 1 HOP

GOED @@ ROP

GOEE & HOP

aLBF ag HOP

ST I 1) HOP

gili ag ROP

BoCs @a NOP

BRC3 g OF

GiC4 B HGP

B#ECS g9 RGP

aice ag RiF

HOCT aa HOP

BOCE ba HOF

BLCT B3 ROP

SOCH o ROP

aiCE ad NP

GUoC 99 ROP

agCh C3 RET

AUCE Ao ROP

SOCF ge HGP

Al 8 NOP

Bicl 8o NOP

gotic da woe

SOG3 Ay HGP

aita ba ROF

BEGS g HOF

S HITTSI = 1] HOF

Loy g NOP

[ M ] H3P

SO0 o WP

= RGP

C-39



EOCE e WO

S2oGC adg WGP

@bl C3 RET

aUUE CO 4% 80 CAlLL ob45

Bhc L WF AOR A

F0EZ C3 RET

HOES 2O DEC L

BUE4 2@ €4C JR NZ., 40 XBE3ZX
abEs 91 Lo B.C

BOETF 42 LD B.O

GiES 45 LD B,L

aiEZ 4 LO C,H

BlER 2@ SE JR NZ, 4E ¥BE3AX
BLOEC 4F LD C, 8

GOED S4 Lo o, H

SO0EE 2@ 48 JR HZ. 48 ¥BE3GX
anFa 4F Lo C. &

@aiFt 35 LD b.L

aiFz 4k LD C,{HL?>

GiF3 44 LD B.H

ahF3 b pec C

BOFS ZF CFL

abiFe 4F LD C.h

GBFY Sa LD O,{HL?

alF3 45 LD B.L

alFs & (R B.0

alFR® 4o Lo B,{HL?

AabFB 4C LQ C,H

HOFC 4F LD C,R

goFD oY LD G:"

cOFE &b Gec C

AGFF Zia 4E 4F LD HL, ¢ 4F4E s

QE@z zZd S22 JR N2, 52 ¥8zo6X
FEBd 4F L0 C.A

BEAS 4F L €A

GE@s <40 L (S

GEGT do GeC C

GEGS 2A 43 4C LD HL,{4C43)

agag 4C LG C.H

GESC 49 LD B,L

gEal 47 LD B,R

HEHE 4 Lo B.C

SEAF 40 LD C.H

HELE @ 43 JR NZ. 45 ¥@ESTX
RELZ 93 LD E.B

HELZ S@ LE 0.8

BELS =2 L G:0

GELD 45 LD B.L

BELS 53 Lo b.E

BELY 53 L 0. E

SELS 43 L C.,C

HELS 4F LTt LR

GELR 4E LD C,CHL?

mELE Al GEC C

GELC Zp S8 41 LE HL.C4158)

BWELF 4C 1] C,H

SEZG S5 Lk GO.,L

BHEZL 45 Lo 8L

REZZ Z@ 3E MR HZ,3E ¥AESZX



D I IO R W R o B A I A R AT X R X R
mMmmMmmmMmMmmmmMmmDimmmm

s i g ] G O] Ga) Ge) Gl G Ged G ] ] F T T

c 25

ne
i

U M U ey B
LY R ol N N B o e Y WO W R O S

mMmmmmmmMmMmmm

,.
(e S NI B ) B O B B O

R B R R R I

AN

A
mmmMmimm

fix

AR AN

O O Oy ay oy

[ R ot B N
mmmmm

o Oy h O
[ e S W |

[hn ]

m

Lo LS RN ]

Pt N G Grd T3 P s G0 T 081 Gl €60 o

o s e BV LS W O R BT e

40
35
o
45
43

-

43
=
oI
>
&F
3=
=*C

I3

45
St
45
= %
B

55

w!

43

2%

e

4=
~

44
o
28
=4
45

==
'

-
a2

==

oo

o
{41

u

R
R0
ROG
LEC
L
LD
Lo
Lo
JR

RO
RDO
GEC

3 LD

LG
JR
LD
LD
an
LD
AR
Lb
LD
Lo
LD

LD
LO
DEC
L0
(1]
LO
Lo
Lo
Ll
JE
LD
LD
Li
LD
Lo
LD
LE
4
LI
Lo
LE
L
LG
Lhb
LD
GEC
Lh
LG
Lo
LD
LG
LD

Zhoo
mxo

T
rxrrxrrrmom-
N
wn

e - ~ "a

L, 354E)

MO OXIONDOommm
moorr-

"\-._J'us.w.un.

wn
na

rm>~Doomr -
=
-
A

Po = %= = % = w

Trooror -

n
)

oo ZEZEnDOCORDm

T A .

L.{4E43)

R

MOoDOmMOIOmmen
oo -

- e

C-41

¥eE4a¥

¥8EaDX
¥BEcBX

iBESAX

¥BESTX

ABERBX

XAERFX



1
X]

B o v T A e SRS R I w R I < It T 0 s i Y < I U I e A | O OO 9 B O O S, O s s R s L OO OO

LN
mmmm

(k]

LSRR v SO

w0 %0 30 X0 S0 T T G 5 S

oy

D D

M M A oA AN W e

T T Lo Tor Ml W Ay A MOV LD LY G LD L0 0 DD

.y

SRR O O O A O

oy

[y
mmmmmmmmmMamm

.

L4

TS D R 0%

e
U i !

mmmmmmm

e R
R e a s Rk n R e s LR e R s A G e e e ol

iy
m mm m M mmnt

L
“ by

1% LG 0.8
o4 Lo O.H
45 Lo B.L
EL Lo B:H
@l peC C

> 54 Lo 0.8
3R a0 54 LD H.,(348D0 7
In S8 45 LD H 4350
4L LG C,H

M 4F LD CHA

7e 34 L &, H

28 SH JR HZ. 3R ¥BEDSX
&8 33 JR HZ,38 ¥OEEBSX
3 Z2é JR NC,zd A0ERZX
2d 3t JR NZ:31 ¥8eB5%
Z2E 3t Lo L.3L
S AOC L
CC CF CL CALL Z,CICF
C4 RAE BA CHLL NZ.BrAd
CC 03 Ce CaLL 2,CED3
Bi Or [
Hig RGP
43 L £.C
45 Lo B.L
Sa LD b.B
IR w0 8L LD M. @La0 s
Za Za JR HZ ., z2a ¥BEBRY
cd Z2a JE WZ,za igEBCK
zZg 24 JiE NZ,za A0EBEX
2a Z@ JE Z2,2a ¥8ECOX
2d zZa JK HZ,z2d igECZ%
2w 2dé JR HZ.,zda ¥acC4x
Zn z2a JR HZ, 28 ¥gECHX
g 24 Jr NZ.za ¥8ECSH
2| 9t JRB N2, 8l ¥BERBX
54 Lo b.H
3H 45 4E LD A, {4E45
54 Lo G.H
L 3 L B.,L
2 Lo o.o
Zg Sd JE HZ, 58 FoFE3x
45 LI C.C
33 Lo C,H
4F LEb C.n
S Lo b.H
zZd D4 R NZ.: 349 igFasx
52 i o.o
aF Lo CLA
47 L E.A
5= ] £, o
41 L B.C
G0 Lo C-L
at gGec ¢C
36 5S4 45 LO B, (45540
aZ Lo 0.0
40 LL c,L
§5 Lo C.C

c=42



aELZ
BELSE
oEld
SEGS
QEGT
HEDS
GELS
GELin
gelim
QELC
GEGD
GEGE
HEOF
QEC K
BEES
HEES
GEES
SEET
8EES
BEER
HEELC
BEED
BEEE
BEEF
HEF &
SEF 1
GEFZ
HEF 3
BEF4
HEFS
HEF A
SEFY
BEFS
HEFS3
BEFA
BEFE
BEFLC
HEFT
HEFE
8EFF
BF&as
BFaL
BFRZ
BEE3
GFas
OFaEs
OFas

Hir e

4E
41
54
45

4E

T

33
o4

28

43
54
45
2@
54
4
2F
SA
8o
4
4F
41
44
38
25

Ty E-
ot

43
a4
3R
@a
g
e
Ba
Bt
B
ayg
aa
eu
ag
2]
ae
G
8a
ae
Hi
At
2l
G
il
e
F3

me
Lt

0S
ES
Fa
FE
2

—

3E

B0 Zn

an ag

GE
Bz

SC

LO
Lh
LD
Lo
JR
Lo
LD
Lo
Le
4R
LD
LE
Lo
SR
Lo
LD
CPL
Lo
el
LD
L0
Lo
LB
LD
DEC
S
LB
LD
LD
NOF
HOP
NOP
ROP
NP
HOP
NOP
HOP
HOP
NOP
HOP
HOP
HOP
HOP
NGP
HOP
HOP
NOP
HOP
NOP
ROP
FUSH
FUSH
FUSH
FUSH
0w
cF
JR

L

C,OHLY

nF

BC

Ge

HL

g4

OE
HZ,82
R.3C

C-43

18F15x

¥aFzZ5%

X@FLaX

feFZF X

¥arecx



dFaC FE S0 CF alb

HFEE 28 3rm JR Z2:3R 18Fd4Ax
dFig FE Sn cr an

BFiz 28 2C JR Z,2t feFdax
gFl4 FE 9@ cP g
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APPENDIX D
ASSEMBLY LANGUAGE LISTING
OF

FILES INTERFACE FOR Z2-8@8 PILOT

FUNETION:
TO LOAD LESSON FILES FOR EXECUTION BY

THE

FPILOT INTERPRETER .

CALLING ROUTINE:

NAME :

LOAD OF PILOT INTERPRETER

LGCATION : GBEVH
PARAMETERS, INPUT: NAME OF FILE TO BE LOADED

(POINTED TO BY PILOT INPUT BUFFER.
PGINTER ,IPTR)

PARAMETERS, OUTPUT: PHIMON LOAD COMMAND AND

FILE NAME IN FORMAT:
“LO FILE-NAME" OR "LO#X FILE-NAME"

CALLED ROUTINES -
PHIMON LORD OUERLAY
.PHIMON TU SUBROUTINE
PHIMON STOP SUBROUTINE
PHIMON OVLAY SUBROUTINE

EXECUTION STEPS :

t.e

a
L
-
4

(8] PrY MM

wh

£
® @ ®

h o
[ ~ T

=~
=

IF {FIRST TIME IN ROUTINE > THEN STEP 2.0
ELSE STEP 3.6

FIRST = FALSE :
LORD FHIMON "LOAD®™ COUERLAY BY CALLING "OURLAY"
MODIFY "LOAD"™ COVERLAY INTO SUBROUTINE
MODIFY ERROR POINTERS OF LOAD QUERLAY TO
POINT TO THIS CODE VICE PHIMON ERROR CODE
FORMAT "LOAD" COMMAND FOR PHIMON
MOVE "LOAD" COMMAND TO PHIMON COMMAND BUFFER
CALL "LOmRD" SUBROUTINE (CREATED IN STEP 2 )
IF ERROR THEN STEP 8

CALL PHIMGN "STOP" SUBROUTINE TO STOP
THE CASSETTE DRIVE

RETURN TO CALLING ROUTINE IN PILOT INTERPRETER

CALL PHIMON TU ROUTINE TO DISPLAY ERROR MESSAGE
JUMP TC PHIMOH )

D-1



ST @24868
FERERIREEE STEP L.0 SRddXiiiixidiiiiad i asindiaexisxs
ENTRY LD HL.FIRST SET HL TO LOCATIOH OF FLAG

CP  £HL)> IS IT 5ET TO @ INDICATING WE HAVE

JR 2,60 BEEN HERE BEFORE . IF 50 JUMP
*I#*xi%#*t STEP 2.8 FXIIIXLAXEXLXEXTTLIXREIEERRER 000054 %
- LG R.8 SET FLAG (FIRST?> T0 ZERO 710

LD {(FIRST),A FLAG WE HAVE LOADED "LOAD" BEFORE

L R.4 LOAD PHIMON "LOAD" OQUERLAY

CALL OURLAY INTO MEMORY .

LD - n,8C8H  DESTROY 'GOOD’ FLAG OF GUERLAY

Ld (LGaDJ).A  TO PREVENT PHIMON FROM USING IT.

LB £347172).R/ CHRANGE TO A SUBROUTINE BY ADDING
X 'RETURN' AS LAST STATEMENT.

L3  HL,.ERRMSG LOCATION OF LOAD ERRCR ROUTIHNE

LD {3478l2)>,HL SET ERROR POINTER TC ERRMSG

LB (347871).HL

LB {(34¥L13),HL i

LB (347131).HL =

LB  {347842).HL =
AEXRXETREN STEP 3.0 XxddXbiiiirdiidiex e ieiaxeesssx
GG LD HL.CIPTR) WHEN THIS ROUTINE IS CALLED

IS CRLLED , THE PILOT INPUT
BUFFER POINTER IS AT THE 15T
CHAR PAST THE LOAD COMMAND
IPTR IS THE INFUT BUF PT.
BEC HL MOUVE POINTER QUER C/R
XOR A SET TO ZERC TO MARK COMMAND END FOR PHIMON.
LD ®.& THIS 15 REGUIRED FOR AlLL PHIMON COMMANDS.
LB RA,':' PLACE MASK IN RCC A FOR LOCATING ":*
SCAN DEC HL
SET 7.<(HL> ALL BIT 7'5 MUST BE HIGH FOR PHIMON CMD
CF  (HLD I IT A COLGN 7
JR  NZ.SCAN NO , CONTINUE PROCESSING.

B e 3

Lt A0 FORM PHIMON
LB MR COoMMAND BY
BEC HL ARCODING "LO" TO
LB Aa.'L!
Ltk M.A "LOAD:". HL POINTS TO
¥ START OF COMMAND STRING.

FEEEXIXEEE STEP 4.0 RELXXERERERXXPXLXXLLAXRETRLLRLRRRRREXR
LD DE,LIKNBUF DESTINATION
LD  BC, 150 MAR LENGTH OF COMMAND
LDIR MOUE IT
FEEEEXEREX STEP 5.0 XX xididxdxixisiiidisdkiriiiiisssx
EalL LORD+L CaLL HEW "LORD SUBROUTINE"
FAEXXEIREER STEP 6.0 XRidiixdiyxdixeiar ke xesixsrsiesssx
X0R A PASS ZERO IN RCC A TG PHIMOH
CALL STOP SUBROUTINE TO STOP TAPE DRIVE
FAIEIIAREE STEP 7.0 kiddxdixdddsikidissiisrinisoieisssx
¥ FINAL PROCESSING BEFORE RETURN TG PILCT
FINISH RET
AEXXXXIXEE STEP 8.0 ks rixeieeeeisess
ERRMSG LD  HL.LORDNS SET POINTER TO LOAD ERROR MESSRGE
EALt T ; CALL PHIMGN TU EDITOR.
4P PHIMON RETURN TO PHIMON
D-2



¥DATA S5TORAGE AREAS

* FLAG FOR TEST TO SEE IF THIS IS FIRST TIME IN ROUTINE

- FIRST DB, 123

. % ERROR MESSAGES ,
DU 248248 :

LOADMS DB, 377.'PILOT LESSON DESIRED NOT ON THIS TAPE.’
BB, 'ASK FOR HELP.',815

3 e s 2003 e300 rrs002232332222828323333222282838335323

% EQUATES FOR PHIMON REFERENCES

S

E

QURLAY EGU 341120

LINBUF EQU 346348

LOAD EGU 347008

S5TOP EQU 342015

FHINON EQU 340042

TV EQU 343219

%

* EGUATES FOR PILOT REFERENCES

IPTR EGU B13AH INPUT BUFFER PGINTER

S e e PR PPt s Sttt et el titt33338s8sts28333¢ees

7722 NOP  END MARKER



APPENDIX E

ASSEMBLY LANGUAGE LISTING OF ORIGINAL EDITOR

The following pages are the assembly language listing
of the original editor [6]. These pages are a reprint of
reference 6. The following reprint notice is gquoted from

reference 6.

"Reprint privileges:

Articles herein that are copyrighted by individual
authors or otherwise explicitly marked as having restricted
reproduction rights may not be reprinted or copied without
permission from Peoples Computer Company, or the authors.
All other articles may be reprinted for any non-commercial
purpese, providad a credit=line is included. The
credit=line should indicate that the material was reprinted
from Dr. Dobb’s Journal of Computer Calisthenics and
Orthodontia, Box E, Menlo Park, CA94025."

The article of reference 6 was not cpﬁyrighted.



VAAAAAAAAAAAAAAAAAAAAA,

€039 TEAT ECITOR ++

s[5}
089
(515}
225 ]x]
oog
209
=1 5]
[ [5s ]
3704
o8
(515 ]
ooa
(208 =]
[il]s]
oo
202
@30
a0
1205}
299
294
B8a4a
37575}
o9
293
[30ula
oge
20 1x]
315 5]
a00
ano
(157}
[=1%1x}
a0
@3
a0y}
(115
[n]sts]
wona
4]
[xls 5]
Ood
an
[al7]:]
=1 15
[la]s}
{313 ]
[aa]5]
[l
o
aa]s]
aoa
{5 ]a0=]
239
009
375 ]5]
oa0
aoa
| e
009

109
189
180
1848
189
109
loo
1em
199
103
165
110
11z
115
i1e
121
124
127
132
135
149
142
145
159
152
153
153
153
155
157
152
15
i
172
173
b
el g
Z0z
e ey
20z
205
207
21z
214
247
a2z
225
et
2z
233
235
2537
=g
243
245
250
253
255
el
262

& I TR TR W
(SIS OV P O P o

?mmmmmm
'

b
Iy

315
41
315
8ve
315
315
315

33z
25 b7
2z1
952
842

)
ecl
o
315

a0
T

a4z
a4z
947

a5a
T
oS
zza
267
182
avs
ariy
043
145

a7
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ass
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a1
044
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20
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et

47

o11
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azs
oLL
40
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Boz
ez
st

s

aaz
Ay
o11
a11
D11

o5

(151

aLyL

5[50

992

o1l

ol

el

o2
a5
oLy
a11

[als])

YERSION

F R EEEFE

Ll
MY I
STA
MYV T
STA
ZEA
SThR
LI
CSHLD
CHLL
0o LI
CALL
CMRET Ml
CALL
CALL
CALL
*

TEXT ELITOR FFROGFAM
HEITTEM IN S038 AZSEHELY LANGUAGE

4  AFFEIL 15, 1576

T¥T OR EAUCOT TTY OUTFUT
USES FOM MONITOR FOUTINES

SET INITIAL CONDITIDNS

SF, STHLY SET STARCE
A, 77 SET KILL

FILL CHAFRCZTER

A, 7" SET RUSOUT

FLED CHARRCTER

A CLERF A FEGISTER
MSE SET TO LINE HOCE
H, 10FFH SET MAX
MIMAS MEMOFY

CLF= CLEAR SCREEN

H. EDM3 CUTFUT E0IT
OUTE MESIAGE

A

™TO QUTFUT FROMFT
DTIN INFUT COMMAND
SCNE SCARN OFF ELANES

+ INFUT MODE IF COMASNDG = COR

#
Ji
SCREH FU=SH
LAl
LHLL:
ZHLD
MY I
STH
MY I
CALL
*
+ ZEFD IF
#*
Jz
M~
STh
MY
ChLL
JNZ
MTCH 3SHLC-
LLA
[ D
Ml
LHLD
CHD
SHLL
Mo
CF1
Juc
MTGD CALL
SHLD
LHLL:
FOF
E-CT L:]

TN

E

L, CTEH
IFNT
FAlLS
A4
HZHF:
E. N3CS
CTZH

MATCH

MTCH
A, 1
HICHF:
E, Ni1CZ
CT3H
WHAT
TEMF
HCHF:
C.H
E. 2
IFNT
E
IFNT
A M
©oey
HHAT
ot &1
IFNT
TEMF
E

0. CHRT

JUEFE TO INFUT MODE
SAYE EB¥C FEG
COMHRAND TRELE ALDF
cormans ACCR IN [EUF
FOF SERFCH FOUTINE
4 CHAR. COMMANS
FOF SEAFCH ROUTINE

# OF 4 CHAR. CHnis
CARLL SEARCH FOUTINE

JUMF IF MATCH

1 CHAER CiMi-=

FOF SERFCH ROUTINE
# OF 1 CHAR CHls
SEAFCH TRELE
EFFIOF, NO MATCH
SRYE ROLFESS

# OF CHER IN Cinb
T3 C FEG

AlC B2 TO HL TO
GET ACLF OF CHARF
RFTER CHMC

SET IEwUF FOINTER
GET MNE-T CHAR=

TEST IF C.'F OF ELANK
EFFORE IF NOT

SCAN OFF ELRANYS
ZET IELF FOINTER
FECHLL MATLH ADLF
FESTORE ES8C

SET FETUFN RCLEESS



@331
061
QoL
eal
555
Bol
oAl
331
3ol
aat
2558
=538
=5 8
aaL
aaL
=55 8
aaL
=153 8
a1
=123 8
=153 §
a3l
gl
w3l
2ol

32

51
199
21%

41
3195
215
353
175
76
iz
o
o2
%7
asz
341
15
z15S
a3l
1vs
iTe
s
e
a2
57
o5z
ass
=19
a8z
arz
257
17s
243

1z

-5
oz

104

-

024
-
e

[ [
207
340
151

111 124

a9t
aa2
B34

289

g11
810
a2

a1l

=)

a1

(5258

41

=5
Bag
41
@l

(1]
oo0

o1l1

2ol

FUSH
FCHL
ECMS T
(&S]
*

1]

TO STRCK
EAECUTE CMHD

ERIT” ELIT MESSRAGE

E0H

HMZB SET ON LAST CHAR

+ TAFE OUTFUT COMMAND FOUTINE

*

TFCR LAT H, TRMS

CALL
CALL
LCw
MOV
CFI
3z
CFI
INZ
“FA
STA
Ll
CALL
CALL
LAl
oY
CF1
Jz
CPI
JMZ
“RA
S3TCD =TA
LHLD
CALL
HYI
N&TF LCA
OFA
oY
IN
Iz
CPI
JNZ

CONYERT

* xr

MY
Ul
JHC
M
MY 1
CALL
ILR
INR
JHZ
JHP
TEOK CALL
INR
CFP1
J=
CF1
JINZ
JHP
TCOM M1
LCA
OFR
JNZ
INR
INR
TFLC MOY

E-3

DUTR
OTIN
H

A M-
oy
$+5
‘N
HHAT
A
TEML

QUTFUT TRB
MESSAGE

INPUT REZFGMIE
SET Td CHAR ACGCR
GET RESPONSE
TEST IF YES
JUKP IF YES
TEST IF NO

ERFOR IF NOT YES OF NO
CLERR A FEG

SET TRE FLAG

H, EFER CUTFUT FULL OR

OUTR
DTIN

FARTIAL MESZRGE
INFUT EEZFOINZE

H. IEUF SET ACOFESZ

A M
a‘F -
STCD
-
WHAT
R
TEMFP
TOPL
TMECL
L, L
TEML
H

A 1
H
TEIK
TRE
TEDK

TRES

A D
s
3-S5
E. A
H' =
TRFJ
D

E
=3
MWATR
TAFO
D

1
TOON
1z

NZTFR

BET FEZFIINSE

TEST IF FULL

JurF IF FULL

TEZT 1IF FARTIAL
EFFOR IF QT F OR F
CLERFE R

SET F OR F MODE
GET STRRET ALLRE

TIME CELAY TO TAFE
SET TRE COUNTER

LET TARE FLAG

SET 5930 FLAGS

GET 0ATA FOR OUTFUT
INCFEMENT RULRESS
JUrE IF TRES ZTAY
TEST IF TRB

JurP IF NOT TRB

TO ZFACES

GET COLUMNH COUNTER
SUBTFACT = REFERTEDLY
UNTIL OWEFFLIOW QCCURS
#C-* OF SFRLES TO E REG
SFACE

TO TARFE

INCREMENT COULNN COUNT
INCEEMENT SFRLCE COUNT
LOOF UNTIL 3FARCES [OME
GET NEXT CHRE

QUTFUT T TRFE
INCREMENT COLUMN COUNT
TEST IF ECF

JURF IF EOF

TEST IF IZ-/R

HEXT CHAR IF HOT CoR

NHTF=2 FESET CoLurd COUNT

E-1
TEHF
R
TFLE
E

B

R B

SET FOR EOF OQUTFUT
GET F-F FLAG

SET 2089 FLAGS
JUMF IF FuLL FILE
IMCREMENT B TO
EQF

EOQF OFR EOR T2 A



@l o957 Z415 151 341 CALL TRFO AMD TO TRFE

2901 872 I83 Za3E a2 JiP DEOF CISPLAY ENRDC ARODRESS
@0l evo 12z 195 115 1LV TEMS Tl “FEMOYE TRES?”

ol 1ol 12 185 o489 124 .

Bl 185 191 192 123 a7’ i

pal 111 =2 -] [ =3 T T+B80H

aal 112 *

Bal 112 #* NEAT COMMAND FOUTINE

eal 112 *

681 112 aoz ada HATC LXI EB. 2 ZET B&T

ool 115 24 9ol JC N=LIF UP 1 IF HO HNUMEEF INFUT
o1 1z9 i FUsH E SAVE EB&C

91 121 = @55 PRI =~ TEST IF MEGRTIVE
981 123 ' JHZ CHwW JuF IF FOSITIVE
el 125 ol FOF E FESTORE EBsC

gaL 127 B9sS Qg MYl EBE.1 ZET B FOF ZIGHM FLAG
B3l 131 99 FlIZH B SAYE B&C

eal 13z2 U3z 955 811 LHLD IFNT =~ GET NUMEBER RLOR

381 135 2 B3 IMN< H INCFEMENT PARST -5SIoN
ol 135 042 955 011 SHLD IFNT UFDATE 1ELUF POINTER
ogl 141 BSZ 955 oli CHYY LHLD IFNT GET MNUMBER RO{.-FESS.
Bl 144 194 HOV  E.H SET ROOFEZSS IN

9ol 145 115 MOY C.L E&C

g2l 148 315 zZ25 9498 CALL DEBECY CONYERT TO EINAFY
odl 151 245 CR H TEST IF LESS THaN 2T5%
gal 1Sz ZEZ £240 992 JF HHAT JuMFP IF HL 2 2595
o2l 155 el FOF E REZTORE E&C

gdl 155 115 MOY . b # OF LINES TO C

g9l 157 814 INE C© FLUS 1

a0l 1so 179 ) MOY RA.E SIGH FLAG TO A

o1l 181 267 GEA R SET 20309 FLRAGE

091 1s2 312 243 woal JZ [N MOVE UF IF FOSITIVE
o8l 1:% *

681 155 4 MOYE EACK TOWARLDS TOF

eg1 155 + .
a91 155 175 MOY A.L B OF LINES TO R

09l 185 o5z 0s7 911 MN-EBH TR TEMF SAYE IN TERF

31 171 85z 057 011 LHLD TOFPL FILE STAET RAOLE

a8l 174 35Z ACHG T E REGIZTERS

el 173 a5z o651 o1}t LHLD FNTE CURRENT ADDRESS

8ol zZeo 25z NATP DC H BFRCE UF 2

@31 2ol a3z LC< H CHARACTERS

a8l 2oz 315 Z27 eoz CALL O%T= TEST IF AT ToF

gal Zo5 332 24V ool JC Ak JUMF IF HOT TOP

801 216 53 WOHG TP ADDE TO HL

ol =11 a42 eS1 011 SHLL FHTFE SET LINE FCGINTER
a9l 14 83 2&Z ool JHPF HDOR JUMFE TO ESIT

a9l 21T *

aol ziv 4« EBACH. UP Td START OF CURFENT LINE
a3l 247 *

aal Ziv 17= MNAOK MOV AL GET CUFFENT CHAR.
Qa1 zZZo Ire @15 CFI 12 TEST FOR TR

Bal 2322 THZ 201 691 JHZ HATF+L LOOF UNTIL C-R FOUND
gl 225 94z IN< H ZET ROCR TO LIME START
gal 2ze o4z o5l 81l SHLD FHTE SET LIMNE FOINTER
ol 231 TEZ 0T 011 LCA TENF # OF LINES TO R

a9l 234 ars DCFE A SUBTFACT 1L

ool 235 392 152 gl JHE  HAEE Lo UNTIL # = ZEFG
Bo1 =39 I8z ZeZ 09l JuP HDON JUkF TO EXIT

o531 243 +

2ol Z4= + MSVE TOWARRDSE ENL OF FILE

Bl 243 *

agl 24 als N-ZUFR CCR C # OF LINES - L

2l 244 312 253 ool JE HCOH JurFP IF DQMHE

a1 247 15 @z noz CALL NLST GET NEXT LINE RLDF
el 252 32 36 Qa5 Jc EOTH JiWIF IF AT EOF



942
ot Iy

ovz
a5z
257
a2z
1S
a3

asz
173
oy -
332
252
311

a5z
175
ITE
31z
Ts
o2
257
[= 1%
11

orz
267
a2
315
a3

a5z
ivs
ive

-

gs1

243

s
5.3 8

193
Zza

a1s

941
azo
a47

05S

123
pming

337
114
aza

258

ass

5251
0zg
94z

o911
=155 8

o1
211

=240

39
853

11

a2

211

a11

o3
=15 =4

aii

¢ Bll

11

211

il
49
393

a11

55 14
a1l

al1

aa2

SET LIME FOINTER
LOOF UNTIL C4OME

MOCE FLAG TO A
LORD LINE FOINTER
SET S839 FLAGS
JUMF TO FARGE OQUTFUT
CLERR ZCFREEN

JUMF TO LINE QUTFUT

RCGUTINE |

ZETS NEW RUBOUT CHRFEALCTER

ZHLD FHTR
JUP  NAUR

*

* ERIT T7 FRINT ROUTINE

*

NOON LDA  MOCE
LHLD FNTR
OFA A
JNZ  LIST
CALL CLRS
JMF  LNOT

&

+ RUEOUT CORMAND

e

™

LORC ISUF FOINTER
GET MEW ELEQUT CHAR
TEST IF ELRNK OR
CUONTROL CHAR

YALIC. SET FUBOUT
EVIT TO EDIT HONITOR

LORD IEUF ACCREZSS
GET MNEH MOCE

TEST FOR FAGE

JUP IF FRGE MOCE
TEST IF LINE

EFROR IF NOT F OR W
CLERR R

SET MOLDE

FECH LHLD IFNT
MoY  As M
CFI .
JC HHAT
STA FUEOD
FET

#* OUTFUT MGOLE SET COMMAND

s

MSCRE LHLLD IFNT
oy AL
CFI i o
JZ STHD
CFI i
JMZ  HHAT
“FA A

STHD 2TA MOCE
EET

"

DOME

* TOP COMMAMD ROUTINE

*
TOFR LHLD TOFL
SHLD FHNTR

LORD TOR ACORESS
SET LINE FOINTER

JURF TO LIME OR PAGE DWUJTFUT
AS CETERMINED BY CURRENT MOCE

FrRGE MGDE

LINE MOLDE

LOARD 1BUF AUCRESS
GET NEW KILL CHAR
STORE HEW MILL
UHLEZS SFACE OR
CONTROGL CHARFRCTER

&

*

*

*
LCA  MOCE
CFEA A
JHZ LIST

TFLE CRLL LLES
JHFP  LHGOT

*

4 EILL COMMAND FOUTINE

*

FLRT LBLD IFNT
FOY A M
CPI 7 “+1
JC WHAT
2TA  KILL
FET

A~

+ HLST GETS HEXT
*
HNLST LHLD FHTE

HOY A1
ir<d H

CF1 12

FZ

JHZ  NLET+Z
L H

E-5

LINE ACCRESS

GET CURERENT RLLRESS
GET CURFENT CHAR
INCR. ROOR

TEST FOR C/F

CONE IF C-R

LOOF IF 1T ECF
ERCK UF 1



BB2
po2
ooz
eaz
aez
aez
eaz

022
o2
ez
= 5 s
gez
o2
602
ez
=12

eaz
ez
ea2
eaz
eaz
o092
ez
5% 4
002
oaz
Baz

eo2
gez
eaz
@a2

eo2

1515 Fd
2892
[=1= 4
a2
eaz
292
o2
eaz

a2
eaz
B2
== 4
=15 14
o2
ao2
ooz
ea2
gaz

o2
a6z
a9z
Bo2
=1 14
ga2
a2
aaz
3154

017
ez0
029
020
020
023
626
931
034
840
042
043

3
043
043
046
e51

-
T

052
3=
o5y
erz
= =
191
182
16z
i82
1e2
163
1&5
18d

113
114
11y
120
121
122
125
1z5
125
125
139
1z1
134
137
140
143
144
145
i5e
151
152
155
15s
152
188
irz
173
i7eé
177
z2e2
28z
2832
283

311

241
as1
315
33

124
215

241
315
315
242
032
842
ass
315
38z
181
249

i7s
5
267
382
328
2a5
324S5

310
842
303

32
353
091
o441
173
315
irvz
243
315
1489
151
315
311
129
124
ase
o048

042

215

o34

102
148
iz7
ar?

7S
iez
238
esi
053
as?
=15 8
o7s
74

114

a7l

1@2

1355
ir3

as4

ie2

117
ias
114

a2
347
oz
[s50)
110 161

02
o8z
213
o111
o11
e11

340

-
>

104 122

29z

ea3

o1l

292
215 4

ea7

Ba7

a2

111 115
122 849
118 o351

RET

*

* ERFOR MESSAGE OUTPUT

* -

HWHAT LXI  H, HTMS LOAD MESZAGE ARDODF
LXI <P, STAK FEZET STACK
CALL OUTR OUTFUT MESSAGE
JMP  CMRT EXIT TO EDIT MOMITOR

WTMS OH  HHAT?”

DB BDH
* ¥ -
# NEW FILE COMMAND
*
NEWF LX1 H, ADMS LOAD ADDRESS MG AOCR
CALL OUTR  OUTPUT MESSAGE
CALL HLIN  INPUT ADDRESS
SHLD PNTR  SET LINE FOINTER
SHLD EFPN  SET EGF POINTER
SHLD TOPL  SET TOP FOINTER
Myl M.1  PUT EOF IN FILE RRER
CALL CRLF  OUTFUT C.R
JuP  INMOC JUMP TO INFUT ROUTIME
ROMS DM “AGOR”
DB - ‘+30H

o*

* MESSAGE OUTFUT ROUTINE

E -

OUTR MOY A. M LORD CHARACTER
MYl B.2 E =2
ORR A SET FLAGS
JP  OTCH JUMP IF MSE ZEROD
SUl  80H CLERR M5B

OCR B B = 1 NOW

OTCH CALL TVTO OUTFUT CHARARCTER
DCR B B =98 0R 1 MNOW
RZ DONE IF E = B
INZ H INCREMENT RLCDRESS

JMP OUTR LOOF UNTIL DONE
*
* DISFLARY POINTER
*
DCFL LHLD FNTR LOFAD FOINTER
ZCHG TO DIE
LXI B.0TMS LOAD MESSAGE ADLR
LXI H,OTLC OCTARL STORAGE ACDR
EEOF MOY fA.E LOW BYTE TO A
CALL BINH+l1 CONVERT TO OCTAL
MoV A.D HIGH EYTE TO A
INX H INCREMENT STORRGE ALLR
CALL BINH CONVERT HIGH EYTE
MOV H.B MESSARGE AUDR
MoV L, C TO HL REGISTEFS
CALL DUTR OUTPUT RESULTS
RET ERIT
oTHS Ot “POINTER (LH> ~

OTLC OS5 3

B s r
s 3
ce ebH

E

* DISFLAY EOF LOCATION
*



88z 2493 852 g63 611 CECF LHLD EFFN LOAD EDF ACDRESS

agz2 286 352 KCHG TO DE REGISTERS
892 207 @9l 220 892 LxI B,EMSG LORD MESSAGE ROLR
oz 212 841 231 @02 LAI H. EQOLC LORD STORAGE ROOR
802 215 393 A37 @e2 JMP  EECQF JUMFP TO DISFLAY
oRz2 220 165 117 165 049 EMSG DW “EOF <LH)> -

062 224 559 114 116 851
892 2390 643

o2 234 EOLC DS 3

a9z 234 48 e r &

a2 23S s 3

a2 249 213 -] &0H

8B2 2441 *

agz2 241 « DISFLAY MAX HMEMORY YALUE

28z 241 -

892 241 852 BS1 811 DISH LHLD MMAX LOAD MRAXK HENM AROOR
892 Z44 53 . #CHG TO DE FEGISTERS
Q02 245 oL 2S5 @92 © LXI B.MxXSG LOAD MSSG AODDR
eRz2 250 241 273 982 LXI H M<LC LORD STORAGE RODR
a2 253 83 A7 802 JHMP  EEOQF JUrMP TQ DISPLAY
89z 236 115 191 138 a48 MKEG W “MAX MEM (LH> -

Rz 282 11S 105 1415 240
602 266 6S9 114 1106 051
a9z 2r2 949

892 273 MLLC DS 3

ea2 276 a43 B o>

enz 277 DS 3

ea2 392 215 ol =3 8DH

982 383 *

082 383 * TAFE INFUT COMMAND

a2 303 &~

@82 303 Q41 O7S 862 ITCR LXI  H. ADMS QUTFUT ACOR

eaz =os 315 1e2 9.2 CHALL OUTR MESSAGE

2092 311 15 235 @05 CALL HLIN INPUT RLLEESS

292 314 242 961 011 SHLD PNTR SET LINE POINTER
aaz 317 a2 T 611 SHLD TOFL SET TOFP FOINTER
ooz 222 315 945 024 ? CALL OTIN WAIT FOR C-/R

202 325 932 957 911 LHLD TOFL LOAD TOP AROLCR

32 3Z8 315 263 340 TPIN CALL TAPI GET DATA FROM TRFE
@a2 333 152 oY M0 MOYE DATA TO MEMORY
gez2 3zZ4 3iTé 821 CPI 1 TEST FOR EOF

@a2 3Z6 312 345 oe2 JZ TOIN JUMP IF EOF

982 341 343 INZ H INCREMENT ACODRESS
ez 342 A3 2392 p92 JHP  TPIN LOOP

002 345 842 053 911 TDIN SHLD EFFN SET EOF POINTER
222 359 219 2 33 CALL EFFN TEST FOR OVERFLOMW EBY
eez2 353 211 RET 4 SERRCHING FOR EOF
832 354 4

092 iS4 # EDIT COMMAND ROUTINE

892 354 '

882 354 241 975 bo2 EDCR LX1 H,ROMS CUTFUT RAOCDR

eaz 357 315 ie2 a2 CALL OUTR MESSAGE

Baz zZs2 215 236 ees CALL HLIN INPUT ARDORESS

292 3ES 242 @61 911 SHLD PNTR SET LINE FUINTER
@8z 37e 342 057 911 ' SHLD TOPL - SET TOF FOINTER
882 3IF3 215 Z92 va3 CALL EFFN FIND EOF

@Az 375 242 853 911 SHLD EFFN SET EOF FPOLINTER
20= 891 852 851 o911 LHLD FHNTR LOAD CURFENT ALUR
293 994 arz e5e 011 LEAR  MODE LORD MOCE FLAG
863 97 287 OrRA A SET €059 FLAGS
003 210 382 195 235 JHZ LIST JUMFP IF FRGE MODE
@8z 613 315 220 340 CRLL CLR= CLEAR SCREEN

@8z als - *

893 D15 + LINE QUTFUT ROUTINE

0Oz 915 Y

283 815 e3s 891 LNOT MYI 8.1 SET COLUNMN COUNT

E-7



a3
eaz
Qa3
205
a3

eaz
3

003
093
(=15
gez
203
aaz
203
Baz
(512 )4
Ba3
@z
51204
ooz
89z
o3
oz
[ )
(512
3y
9oz
315 )
a3
(51508
=50
(1% e
20504
@3
o3
293
o093
283
293
o3
ooz
315
oaz
a3
293
093
08z
1215 s
a3
ooz
a3
a3
@az
083
515 4
923
a3z
093
o3
o032
233
033
003
(1154
=150

oze
o621
023
oz
0z3
oz7
oz2
035
040
241
244
045
047
o352
BS2
2352
a5z
a5z
832
B33
854
ass
0Ss
058
(5551
@ss
2=
251
as2
Qss
854

511
=10
501
@ss
aro
a7L
ery
5re

71
ars
ars
ard
a7
ev4
er?7
182
195
iia
113
115
i1
iz1
iz4
127
i32
15
148
1%0
140
149
143
144
146
147

i7e
37E
330
043
376
302
315
303
o044
315
37Te
31e

38z

345
325
385
365

315
381
301
321
341
311

-
<

311

323
311

3158
241
315
315
041
irs
376
312
215
B42
042
315
393

5z
01
(21513
oi1
333

a0z

23
049
362

az2g

B5z
a15

823

3 §

30

ong

299
gas
182
o445
erz

815
132
5% k3
a5l
855
140
195

833

5115}

003
o095
08z

eaz

auz

Qaz

347
o15
(3022
oo
olli

008
022
o1l
oLl
0a3
=15

o011

MOV
CFI
RC
INK
CF1
JHNZ
CALL
JMP

LNOL IMR

ChLL
CFI
4
JrP

O & % ¥+

TOT FUSH
FUSH
PUSH
PUSH

EAECUTION.

A, M
2

H

TRE
LMNOL
TEZT
LNOT+2
E

DTOT
i3

LHOT+2

H
D
E
FSH

GET CHARACTEFR

TEST FOR ECF

FETURN IF EOF
INCREMENT ADDRESS
TEST FOR TRE

JUMF IF NOT TARB
CONVERT TRE TO SFRCES
LOOF

INCREMENT COLUMM COUNT
QUTFUT CHARACTER

TEST IF C/R

RETURN IF C-R

LOOF

DATA OUT FOUTIME. CHANGSED BETUEEN
TVYT AND TTY OUTPUT DURING FROGRAM
ALL REGISTERS FRESEFYED

SAYE ALL REGISTERS

*
# FOLLOWING INSTRUCTION CHRMNGED

* BY OUTM COMMAND C(TYT OFR TTY OUT>
-

C

TOL CALL
FOP
POP
POP
FOF

FET
*

TYTO
FsSH
E

v}

H

GUTFUT l
RESTORE REGISTERS

* TYT INPUT ROUTINE

-
TVTI 1IN

RET
-

TVT

INFUT DATH

* TYT CUTFUT ROUTINE

s

TVTO OUT
RET

Ed

VT

COUTFUT DATA

* INPUT COMMAND ROUTIMNE

e

INMD LRI
LKI
CALL

INLFP CALL
L=l
MOV
CPI
JZ
CRLL
SHLD
SHHD
CALL
JHMP

*

SF, STAK

H, 1MIMS
GUTR
LTIN
H. IBUF
A M

1z
IDON
NLET
FHNTR
MYAD
CENT
INLF

RESET STACK
M3SG6 ADOR
QUTFUT MESZAGE
INFUT NEW LINE
LORD IBUF START ARDLDR
GET FIFRST CHAFACTER
TEST FOR C/R
DOME IF C/F
GET NEXT LINE ALDR
SET LINE FOINTER
SET MOVE LIMIT
INSERT LINE
LOOP FOR AMOTHER INFUT

* LINE INSERT ROUTINE

*

CENT LKLD
INR
MV
CAD
EFHG

E-8

EFFN
c
e.0

B

LORD EQF ACLOR
INCREMENT CHAR COUNT
E =0

EOF RDDR + CHRR COUNT
IS NEW EOF <T0D LE>



a3 159 852 851 611 LHLD MHMAX LOAD MAX MEM VALUE

233 153 315 327 @93 CALL OvTsS TEST FOR OVERFLGH
@883 156 322 173 o4 JNC  MOFL JUMP IF OVERFLOW
Baz 151 a52 863 vll MZ0K LHLD EFFN LORD EOF ACOR
g03 154 315 221 eoz CARLL RMOV MOYE FILE UP
83z 1s7 @52 @53 411 LHLD EFFH LOAD EOF AGLR
B0z 4172 a1l ORD B AGD CHRR. COUNT
803 173 B42 @53 a1l SHLD EFFH SET HEW EOF ROOR
ea3 17s e52 855 o1l LHLD IFNT NEW LINE ALLR (IEUFD
203 zZol 915 DCR C CHAR COUNT - 1
8a3 282 a1 LAD B FORM LIME END HLLCR
ea3 23 842 953 811 SHLD HVAD SET MOVE LIMIT
893 205 a5z 053 911 LHLD IFNT LINE START RCODR
gaz 211 353 XCHG TO OE REGISTERS
683 212 852 88l 11 LHLD FNTR LOAD INSERT START AODDR
g83 215 315 912 o84 CALL LMOY MOYE IN MNEW LINE
B0z 220 311 RET
883 221 : -
893 221 * RMOY — RIGHT (UP)> MOVE. MOYES CATA
a3 221 # FROM HL ARDDRESS TO DE ACCRESS UNTIL
803 221 # HL IS CECREMENTED TO MVYAD
gB3 221 * ADDRESS (INCLUSIVE)
8oz 221 *
2883 221 83 RMOV FUSH B SAYE B&C
Qa3 za2 1g4 MOY B.H SOURCE RDOR TO

2 223 115 MOV C.L EC REGISTERS
aa3 224 @52 @55 ell LHLD MYARD LOAD LIMIT ACGLR
@a3 227 g1z NXRM LDRX B GET CRATAH
283 239 az2 STAR D STORE AT NEW RALDDR
aas 2z1 i7S MOV FR.L TEST IF AT
eaz 232 271 cMP C LOW LIMIT
083 233 3 243 @e3 JHZ RHCT JUMP IF NQT
a3 238 i74 MOV AsH TEST IF AT
BO2 237 279 CMP B HIGH LIMIT
822 240 312 200 883 JZ FELON JumMP IF AT LIWMIT
202 243 gi3 RMCT DCX B DECREMENT
6ax 44 a3z oL D RODRESSES
20I 245 383 227 693 JMP NERM MOWVE NEAXT CHAR
83 259 391 RCON FOP B RESTORE B&C
833 251 311 RET
8a3 2S5z L
a3z 2352 * SINGLE LINE INPUT COMMRND
883 252 - -
893 2 332 974 eaz INSL JC INMD JurMP IF MO STRING
@93 255 ai1s OCCR C DECREMENT CHRR COUNT
Ba3 256 a1s DCR C THICE
eaz 257 841 erv4 811 LZI H. IBUF+2 LINE STRRT ROCR
883 252 842 855 o111 SHLD IFNT SET 18UF POINTER
883 265 315 8932 8o2 CRLL NLST GET NEXT LINE RLDR
€83 270 242 @55 o1t SHLD MVAD SET MOVE LIMIT
a3 273 942 851 811 SHLD FNTR SET LINE POINTER
a33 276 315 149 063 CALL CENT INSERT LINE
8583 zel 311 RET
882 302 *
283 302 * EFFN ROUTINE - FINGS EOF AND
233 Zp2 * TESTS FOR MEMORY OVERFLOW
8a3 22 *
o3 382 852 a51 @11 EFFN LHLD MMRR LOAD MAX MEM VALUE
Ba3 305 333 - “CHG TO DE REGISTERS
@a3 Z8s 852 8si P11 LHLD FNTR LORD CURRENT RLOR
2a3 311 315 327 ea3 EFF1 CALL O¥TS TEST FOR QOVERFLOW
823 314 322 173 ee4 JC MOFL JuMP IF OYERFLOMW
aa3 31?7 i7e MOV A M GET CHARACTER
2393 320 376 o981 CFI 1 TEST FOR EGF
8983 322 319 RZ RETURN IF EOF
883 323 43 INK H INCREMENT ADLDRESS



a3 324 303 311 o83 JMP  EFF1 Loor

ez 327 > .

893 327 * HLADE COMFARE - CARRY SET IF
803 327 * HL GREATER THAMN DE

803 327 *

803 327 173 ovTS MDY A.E

293 3306 225 . sUs L FORM E - L

883 331 i72 - MY AD

ea3 332 234 . SBB H - FORM D-H-BORROW
@83 333 311 RET

883 334 : -

803 336 : #* DELETE COMMAND ROUTINE

293 334 *

203 334 916 @02 DELE MVI C.2 # OF LINES + 1
863 336 332 357 093 JC oLoC JUMP IF NO # INFUT
B8B8Z 341 852 055 o111 LHLD IFNT LOAD # ADDR

203 344 104 : MOY B.H TO B&C REGISTERS
8O3 345 115 MOY C.L

803 346 315 325 o2 CALL DBLCY CONYERT # TO BINARY
eaz 351 115 MOV C.L RESULT TO €

803 352 e14 INR C FLUS 1

803 353 e4S DCR H TEST IF < 258
a3 354 362 820 00z JP WHAT ERROR IF > 255
803 357 o15 pLOC DCR C DECREMENT LINE COUNMT
eo3 360 310 RZ CONE IF ZERO

293 381 852 053 o011 LHLD EFFN LOAD EOF ADLK
8O3 354 242 955 011 SHLD MYAD SET MOVE LIMIT
003 357 -

893 367 * GET MEXT LINE STRRT ARUDRESS RS
a3 3867 * MOVE STRRT RDDRESS

093 367 "

893 367 315 993 002 CALL NLST

ee3 372 332 336 003 Jc BOTM JUuMP IF AT EOF
a3 375 353 - ) XCHG SOURCE RDDR TO DE
2893 376 052 es1 o011 LHLD FHTR DESTINATION ACODR
2804 6oL 315 912 004 CARLL LMOV MOVYE FILE DOWN
o004 @94 842 853 011 SHLD EFPN SET NEW EOF ADDR
2804 ©O7 303 357 003 JHMP  DLOC LOOP

294 @12 -

e0d 212 * LEFT (OOWN> MOVE. MOVYES CATA
2904 912 * FROM DE ADDR TO HL RDDR UNTIL
@94 012 * DE INCREMENTED TO MVAD LIMIT

24 012 *

204 012 385 LMOY FUSH B SAYE B&C

204 81z 192 Moy E.D SOURCE RDCR TO BC
34 014 113 MOY C.E

004 015 353 ~ XKCHG SAYE HL IN DE

264 816 652 955 911 LHLD MYRD LOAD LIMIT ADCR
024 0z1 353 HCHG ADDR”Z TO PROFER REGS
204 o022 eliz LMLF LCHRX B GET CHARRCTER
094 82= 1e7 Moy MA STORE AT MEW RADDR
a4 024 171 MY A.C TEST LOWM LIMIT
204 B82S 273 CMF E

804 22S 302 035 004 JHNZ LMCT JUMP IF NOT AT LINIT
094 ©31 i7o MOV FA.B TEST HIGH LIMIT
204 932 2r2 cMP D

894 833 312 043 004 JZ LDON JurF IF AT LINIT
B804 @6 243 LMCT INX H INCEEMENT ADORESSES
004 O37 (5] )4 INX B

804 640 383 o2z o4 JHP  LMLP LOoOF

094 B4 391 LOON FOFP B RESTORE E4&C

604 644 311 RET

804 845 *

084 845 #* DATA INFUT ROUTINE

204 045 *

894 O45 241 o872 ol11 DTIM LXI  H, [EUF LOAD BUFFER ROCR

E-10



=2 4

ese
033
=1
osv

853
=10
ori
072
7S
ers
181
ie2
185
108
iag?

113
11S
118
117
1z1
124
125
1z¢
127
1ize

135
138
141
144
144
144
144
147
is2
155
ic0

163 .

124
ive
i72
173
173

173’

173
176
201

a7

216
222

227
227
227
227
238
232
233
235
237
242
2435

842
arz
137
72
127
2ol
315
273
312
2r2
Iaz2
15
372
863

39z
167
375
310
i71
375
312
178
243
a14
o4
376
3az

315
383

841
315
315
a4z
215
311
115
11s
315

841
as1
315
1S
a3
115
117
1es
215

i71
326
332
21s
915
31S
33

853

053
843

247

5025 ]
=12

245
112
8435

(311

215

110
113

oz4
=1

382
b=

154
ig2
235
051
ors

101
195

212
209
avé
192
149
195
126
114

23
ezo

293
333

e11
o1

o11

=15 8
093

=51

o4

§

§

006
004

oe4
002

211
249

347
340
aa2
L 5
11sS
195
117

ooz

aa3

130" 040

a4
122
zr

SHLD IPNT SET BUFFER PQINTER
LoAR  KILL KILL CHARACTER
MOV E.A TO E REGISTER
LCA RueO RUBOUT CHARACTER
MOV D.A TO D REGISTER
LI B.188H SET B&C

N¥CH CALL TVYTI INFUT FROIt TVT

CcMP E TEST IF KILL

J2 DTIN JumP IF KILL

cMP D TEST IF RUBOUT

JHNZ  STOR JUMP IF NOT RUEQUT
DCR C DECREMENT CHAR COUNT
JH DTIN JUMP IF NEGATIVE

OCR B DECREMENT COLUMN COUNT
CCX H DECREMENT ARDOR

JMP  MNXCH GET MEXT CHRRACTER
STGR MOV MA CHRRACTER TO BUFFER

CPI 13 TEST FOR C/R
RZ RETURN IF C/R
MOV A.C CHRAR COUNT 70 A REG

CPI CMAX TEST FOR MAX INPUT
Jz NACH LOOF IF MRAX

MOV AHM RECALL CHAR

INX H INCREMENT RDORESS

INR C INCREMENT CHAR COUNT
INR B INCREMENT COLUMN COUNT
CPl TRB TEST FOR TRB

JNZ  NXCH NEXT CHRR IF NOT TAB
OCR B DECREMENT COLUMN COUNT
CALL TBST ECHO BRCK SPRCES

JHP  NACH GET NEXT CHAR

* SET MAX MEMORY COMMAND

-

MMCR LXI H, MADS OUTFPUT MAX
CALL OUTR MEM MESERGE
CALL HLIN INFUT RODRESS
SHLD MMAX SET MAX MEM
CALL CRLF C/R QUTPUT TO TVT
RET

MADS LW “MAX ME”

o8 ‘M7 +86H
-
* MEMORY OVERFLOW ERROR

-
MOFL LXI H, OFM5 MESSAGE ACDR
LXI SP,STRK RESET STARCK
CALL CRLF C/R TO TVT
CALL QUTR OUTPUT MESSAGE
JMP  CHMRT RETURN
CFMS CM “MEM OVERFLOW”

LB E0H
"
* AFFEND COMMAND -
*

AFND MOY A.C CHAR COUNT TO A

SuI 3 HINUS 3

JC HHAT ERROR IF ONLY 2 INFUT
BCR C CECREMENT CHAR COUNT
CCrR C THICE

CALL NL3T NEXT LINE ROCR
Jc EOTHM JUMP IF AT ECOF
OCX H SET ALOR TO CR

B-11



Qi

864
5= 24
=15 23
(5523
o4

a4
a4

ea4
e
o4
024
=15
ge4
a4

804
2od

804+

204
204
894

ao4
284

=2
e84
ae4
a4
g4
894
04
234
o4
1=
ead4
a4
o624
a4
=02 2
=
et
eas
=503

Bas
895

B8OS
089S
eas
aas
@gs

o83
29835
ees
283
a8as

298
251
254
257
261
264
264
264
284
267
272
273
275
27s
275
275
275
2?7
el

-
-

3ie
311
314
k% R
322

328
331
232
335
335
344
394
347
352
353
335

363
384
367
387
357
367
3irz
374
37S
3TE
{510
2a3
204
oar
ear
oay
a7
Qa7
aio
ait
a14
aLiy
=5 irg
25 irg
e1?
p22
823

a42
a4l
042
eus
363

332
es2
1zs6
egs

843
176
376
312
27z
31z

303
e42
asz
a43
a4z
0352
118
a42
352
as2
315
312
852
176
2?6
312
332
243
3683

asz
a1s
843
i7e
I7E
312
14
3az

ive
271
312
322

a3z
285
157

857
er3
845
aag
eav

(3%
855

2088

8135

314
27rS
a43
a3

BS5
B51

os7
183
357
857
a1
183
3Z5

331

a4S
o069

1S
a7

274

142
100

asy

811
e11
a11

aas

@92
a1l

eaz
ot
el1
ail

a1l
811

a11
a1l
Das
a4
11

a835

a4

g1l

oas

20 2

Ba5
2as

a11

SHLD TEWP SET TEMP FOR CHANGE
LXI H, 1BUF+1 STRING ACDR - 1
SHLD TEML SET TEML FOR CHANGE
HYi E. 8 B =8

JMP  CNGO JUrP TO CHANGE ROUTINE

"
* CHAMNGE COMMAND
e
CCRT JC WHAT ERROR IF NO STRING
LHLD IPNT DELIMITER RDDE
HOVY D.M FIRST DELIMITER
. MYl EB.B ZERC CHAR COUNTER

*
* COUNT CHARACTERS IN FIRST STRING

E 3

CCRL INX H CHAR RACDRESS
MOY AL M LOAD CHARACTER
CPI 13 TEST FOR C/R
JZ WHAT ERROR IF C/R
CHP D TEST FOR DELIMITER
JZ LSTR JuMP IF CELIMITER
INR B INCREMENT CHAR COUNT

JrP CCR1 LOGP
LSTR SHLD TEM1 SAVE DELIMITER RDDR
LHLD IPNT FIRSY DELIMITER ADCR
INX H INCREMEMNT TO STRING
SHLD IPNT ROLDR AND SAVE
LHLD FPNTR LOARD CURRENT FILE ACDR
STSH MOV C. B CHAR COUNT TO C
SHLD TEMP SAYE CURRENT ADDR
®CHG ADDR TO DE
LHLD IFNT STRING 1 ARDDR
CALL SERR SERRCH FOR STRING
Jz STHT JUuMP IF FOUND
LHLD TEMP FILE RODR
MOY A M CHARACTER FROM LINE
CPI i3 TEST FOR /R
JZ CCDM JUMFP TO EXIT IF C-/R
JC EQTHM AT BOTTOM IF EOF
INA H INCREMENT ADODR TO NEXT
JHP  STSH CHAR AND CONTINUE SERRCH
*
* COUNT CHARACTERS IN SECOND STRING
e
STHT LHLD TEML DELIMITER RGOR
MYI C.0 ZERO CHAR COUNTER
STHLI INXK H INCREMENT ADDR
MOY A M LOARD STRING 2 CHAR

CF1 13 TEST FOR C/R
JZ CHNGO END OF STRING 2 IF C/R
INR C INCREMENT CHRR COUNT

JMP ST LOOP UNTIL C/R

BEGIH CHANGE. B CONTRINS # OF CHAR
IN STRIMG 1; C HAS # IN STRING 2

¥ EEN

CHNGO MOV A.B ETO A
CMP C COMPARE STRING 2 LENGTH
JZ EQUL JUHP IF EQUAL
JHC  LESS JiP IF B > C

*
#* HERE IF FILE LENGTH INCREASES
*
LHLD TEMP LOARD MATCH ROCR
ACD L ADD STRING 1 LENGTH
MOV L-A TO FORM ADDRESS

E-12



805
05
2125
683
aas
oes
095
ans
Be5
8a5
Qaes
aas
=15 51
8es
oes
8as
283
e85
aas
8635
883
aes
265
205
@as
eas
aas5
ees
2a3
o085
995
2a3
283
eeas
2es
a8s
B85
@5
eas
21511
8es5
2e5
895

eas

=155

ez4

25
az?
BzZd
@31
a3z
as3s
840
41

944
245
846
as51
a54
asy
es2
965
a7a
ari
ar4
ars
109
ie8
lce
160
ie3
104
183
185
107
111
1i2
113
116
121
124
125
126
127
1z8
122
133
134

vy
142
142
142
142
145
145
151
15z
153
15e
157
158
151
162
155
i7e
173
174
irv
=i
ez

i74
316
147
iri
228
a42
asz2
383
117
gas
a11
353
e52
315
322
asz
345
as2
a11
242
=k §

z83

852
i7S
zel
157
174
316
147
353
252
a4z
a5z
i7S
209
157
i74
316
147
353
315
242

asz2
353
@32
843
213
372
i76
ez2
a43
223
sa3
852
a7z
267
312
za3

al5iz]

B3

253
855
vET

358

=3 b=
853

aE?

8435

165

is2
23 8
259

Bls
1683

o141
811

o11
293

3 994

a1l
2a3
a11
a11

883

a11

a11
011
o1l

004
811

811
211

=1 =1

2es
@11
011

@83
ges

MOV
ACI
MovY
Moy
Sus
EHLD
LHLD
FUSH
Moy
MYl
DAD
ACHG
LHLD
CRLL
JHC
LHLD
CALL
LHLD
CARD
SHLD
FOP
JHP

*

* RERE IF

-

LESS LHLD
MOV
RDD
MY
mov
ACI
MOY
¥CHG
LHLD
SHLD
LHLD
Mov
ADD
MOV
MOV
ACI
MOy
ACH3
CALL
SHLD

*

* HERE IF

*

EQUL LHLD
HCHG
LHLD
IHX

EQLF CCR
JM
MOV
STARX
IMNK
Inx
JMpP

CCLH LHLD
LDA
ORA
JZ
JrP

*®

A, H
a
H, A
R.C
B
MYAD
EFFN
B
C.A
E, B
B

MH&X
oYTS
MOFL
EFPN
EMOY
EFFN
B

EFFHN
B

EQUL

WHERE INSERT MOLE STRRTS
ACD CRRERY

NUMEBER TO ACD IS STRIMG 2
= STRING 1 {LENGTH3)>
SET MOVE LIMIT

LORD EOF AODDR

SAYE STRING LENGTHS
CIFFERENCE TO C

EQOF PLUS DIFFERENCE

IS NEM EOF ROOR

NEW EOF ROCR TO LCE

MAK MEM VALUE

TEST FOR OVERFLOMW
JUMP IF OVERFLOMW

LOAD EOF ACDR

MOYE FILE UP

LOAD EOF RLDLR

FORM NEW EOF RCODR

SAYE NEW EOF ACCR
RESTORE STRIMNG LENGTHS
INSERT MHEW STRING

FILE SIZE CECRERSES

TEMP
AL
c
L.A
A H
5]

H. A

EFFN
MVAD
TEMP
AL
B

LA
A H
8

H. A

LMoY
EFFH

FILE
TEMP

TEM1
H
c
CCON
A, M
D
H
D
EQLP
FNTR
MOCE
R
LNOT
LIST

* LOC1 ROUTINE

E-13

LOAD MRATCH RACODR
LOW RDOR TO A

ACD STRING 2 LENGTH
TO FORM MOVE
CESTINATION ROOR
ROD CRRRY

SA%E IN CE

LOAD ECOF ACCOR

SET MOVE LIMIT
LORD MATCH AODR
FORM MOVE STRRT

A3 MATCH RCCR FLUS
STRING 1 LENGTH

ACD CARRY TO HIGH ADDR
OE=SOURCE, HL=DEST

MOYE FILE
SET NEH EOF RCLR

SIZE UNCHANGED

MATCH AREODR

TO CE

SECONC CELIMITER ADDR

TO STRING 2 ROCR
DECREMENT STRING 2 COUNT
JUMP IF NEGATIVE

GET STRING 2 CHAR

FUT IN FILE

INCEEMENT RUDRESSES

LooP

LINE STRRT ROOR
CUTFUT MOCE FLRAG
SET &0ZB FLAGS
LINE MOCE OUTFUT
FARGE MOCE OQUTFUT

= FINDS LENGTH OF STRING



eas
eas

505 3
9as

aes
===

=157
eas
51 =]
8a3
eas

@as
295
=151
eas
eas
ea3
eas
283
aas
0as

oas
=12

a5
egs

ea3

pos
=157
20835

o605

oas
083

== 1]
a3
@a3

ze2
282
292
265
zer
218
212
245
216
217

223
=24
227
238
231
231
231
231
231
231
234
237
242
245
259
251
254
255
268
263
58
271
Zrz
272
2735
388
2z
3az
383
383
305
397
318

-
-

315
318
321
324
225
339
332
3Ze
38
328
338
241
333
347
352
355
350
264
356
357

357

adi

176
37e
312

943
383
i7e
267
37z
o4
311

245
41
@42
315
332
110
242
353

31z
e52
843
176
378
312
a3

-
-

17
bt S
302
843
=3 ¥4
arza
257
382
315
393

@981

a4z
841
315
383
16z
117
215

[ P
27s
@15
222

207

[=={=}

202
ar:
255
843
336

as?

ass5
is3
383
B57

gel

S50

857

8135
395

851
[35=15]

185
229
ais

228
as3
251
3
192
149
117
11s

o11

oas
265

gaz

835
a1l
eiL

11

eii
oas

eil

eas
ea3

i1

eas

2L1
ai1

aBs
340
aaz

347
ai1
a11
eas
802
a0
124 124

% STARTING IN COLUMH 2 OF IBUF

E 3

LOCL LXI H. IBUF+1 15T LOCATION
MYI B,-2 CHAR COUNTER

LNCX MOY A,M  GET CHARACTER

CPI 12 TEST FOR C-F

JZ Locz JurnP IF CA/R

INR B INCREMENT CHAR COUNT
INA H INCREMENT RADDR

JHP LNCK LOOP
Locz Mov A.B COUNTER TO R

orRA R SET FLRGS
Jrt HHAT ERROR IF STRING < 2
INR B SET TO ACTUARL COUNT
RET ;

* P

* LOCATE COMMAND - STRING SERARCH

* AT ERCH CHARACTER FOSITION  FROM

* MNEXT LINE STRRT TO EOF

*

LOCT CALL LoEl GET STRING LENGTH

LXI H. IBUF+2 STRING RDLR

SHLD IFNT SET IBUF POINTER

CALL NLST NEXT LINE ADDR

JC EOTH JurP IF AT EOF
LNCH MY C.B STRING LENGTH TO C

SHLD TEMP _SAVE FILE ROODR

ACHG "RAL30 IN CE !

LHLD IPNT STRIMNG ARDDR

CALL SERR SEARCH

Jz LMTH JurFP IF FOUND

LHLD TEMP CURREMNT ADDR

INKX H INCREMENT ALDDR
MOY A.M NEXT CHAR
cPI 1 TEST IF EOF

JZ EOTH JurMF IF EOF

JMP LNCH CONTIMNUE SEARCH
*
* WHEN FOUMD, BRCK UF TO STRRT OF LIKE
*

LMTH LHLD TERP MATLR RDDR

DCHE H EACK UF 1

MOV FA.H LOAD CHAR

CPI 14X TEST FOR C-F

JHZ LMTH+3 LOOP IF NOT C-/R

THX H INCREMENT TO LINE START

SHLD FNTR SET LINE FOINTER

LMT1 LOAR MODE QUTFUT tLI0E FLAG
ORA A SET FLAGS
JHZ LIST _ FRGE CUTFUT
CALL CLRS  CLEAR SCREEN
JMF LNOT LIMHE CHRITFUT

.

* ERROR ROUTINE WHEN ECF FEACHED

*

BOTH LAI SF, 5TAK FEZET STHCE
LHLL EFFH EDF ROLFEESS
SHLD PNTR  SET LINE POINTER
LXI H,ETHS HESZAGE RODR
CALL OUTR  OUTFUT MESSAGE
JMP  CHMRT RETLFN

ETHMS D “BOTTOM®

LB eCH

*
# FIND ROUTIME - COLUMM 1 LOCRTE

E-14



885
eas
893
8as
295
e8s

@86
==
eas
=51
298
eas
a5
eas
=51
a9
=121
ees
(=01
oes
oas
5053
205

= =1
aas
aas
ags
2as

21203

(553
(51573
557
aas
2as
eas
==
ags

Bos

235
s
aas
=121
ees
[=1= 1
98s
aas
o035
aas
=513
=503
aas
=17
(3573
2as
895
=757
aas
(5150
295
9%

367
367
372
375

Ba3
(57579
211
a12
a13
8lis
821
az4
az2v
a3z
832
a3z
Q32
9335
840
a41
841
@41
241
B42
@14
a47
a5e
851
854
asv
8e2
&3
57
are
arz
a3
169
181
182

1835,

1aS
165
163
118

1z1
i1zz2
125
ice
1z9
1589
1z
133
128
141
144
145
145
145
1435
145
158
151

31S
241
842
315
242
332
119
332
ase

- 345

a352
312

a3

52
242
311

irL
3zZ8
332
a1s
215
241
a42
852
242

i7é
ey

312
332
a3
a4

a3

as2

Z1S
15
aze
ez35
319
1S

I8z

z1s
@52
Z15
Izz
311

202
a7
855
833
8el
336

055
183
acl
321
29e

Qa3
as1

293
az9

av3
845
asi
aer
aag

a1s
3e7
et

=T

(33 8
229
ars
9z9

D1lc
129

2z8
= =Ty
31é
1zZ8

11
Bi1

g11
5=

211
285
P11
(317
aas

o1l
e11

a1l
811
a1l
a11

=503
8BS

5151

o11
340
349

-
=

a9s

248
a11
a8z
aus

211

*

FIND CALL LOCL
LRI
SHLD IPNT

FIN1 CARLL HNLST
SHLD FHNTR
Jc BOTH
MOVY C.B
HCHG
LHLD IFNT
CALL SERR
LHLD FNTR
B4 LMT1
JMP FIHL

*

* BOTTOM COMIAND

*

ETHMM LHLD EFFN
SHLD PNTR
EET

#*

H. IEUF+2

GET STRING LENGTH
STRIRG ROOR
SET IEUF POINTER
NEXT LINE ADDR

SET LINE FPOINTER
JumMP IF AT ECOF
STRING LENGTH TO C
LINE FOINTER TO DE
STRING RODR

SERRCH

LIKE FODINTER

TO GUTFUT IF MATCH
CONTINUE SERRCH

ROUTINE

EQF ALCLR
SET LINE FOINTER

* REFLACE COMMAND

“#*

FLCR MOV A.C LINE LENGTH TO A
sur 3 MINUS 3
Jc WHAT ERROR
OCR C CHAR COUNT = INFUT
DCR C MINUS 2
LXI H, IBUF+1 STRING RODCR
SHLD TEML SAYE FOR CHANGE ROUTINE
LHLD FNTR CURRENT RCULR
SHLD TEMP SAYE FOR CHANGE
MYl B.2 CHARACTER COUNTER

LNGT MOY A.M COUNT CHAR [N CUREENT
CPI 13 LINE UNTIL C/F FOUND
Jz CHNGD JUMP TO CHANGE ROUTINE
JjC BOTM JUMP IF EGF
INA H INCREMENT ROCR
INR B INCREMENT CHAR COUNT
JHMP  LNGT LOOP

*

+ PRGE COMMAND

*

LIST LHLD FNTR
CALL CLRS
CALL CRLF
YD D, 16

HLEL CCR D
RrRZ
CALL LNOT
JMFP HLS1

&«

* LIST COMMAND

-

LCHR CALL CLRS
LHLD TOFL
CALL LNOT
JNC  LCHR+&
RET

SENE ROUTINE -
CARRY

(IR BE 2 2

CNB LHLD IFNT
HOY A M
o

E-15

"LOOF

CURRENT ROCR

CLERRE SCREEN

CrR QUTFUT

LINE COUNMTER
DECREMENT LINE COUNT
CCHE IF ZERO

LINE CUTFUT

LooP

CLERR SCREEN
TOFP RCOCRESS
OUTFUT 1 LIKE
IF NOT EOF

SCARM OFF EBLANES IN IBUF

ZET IF TRE OF CoR FOUND

IBUF PIOINTER
GET CHRRACTER
TEST FOR EBLAMK



gas
0as
51213

aas
eos

oos

ags
eas
@as
@95
eas

095
296
895
]
008
@96
pas
eos
00s
- 088
' 008

153
154
1S5S
1€0
153
1863
1&2
153
183
163
184
185
158
157
ive
171
174
175
175
175
17S
17rs
177
=02
283
204
204

z84
2e4
24
ze7
212
213

221

223
z24
225
226
227
220
231
234
239
236
236
236
236
Z41
244
245
259
253
254
255
260
261
264
255
279
273
274
390
04

se9
@43
edz

383

a32
278
399
243
223
815
ez
311

e23
@15
02
214
311

as52
= rged
117
315
304
as32
157
oz3
o932
147
310
az3
0eS
302
=10
311

g
322
353
4L
315
3353
3z0
a1
341
841
345
e41
3es
53 &7
115
iel
183

855
159

1e3

17s

as3

a4

162
175

94

183
ezo

202
327

149
345
13?7

111
194
123

a1l
2203

aas

205

211
211

895
o3

@os

349
8az

o1l
eaz
203
=5}

@as
ez

115 Q48
10+ 122
123 040

RHZ DONE IF NOT BLRANK
INA H

SHLD IFNT  UPDATE POINTER
JMP  SCNB+3 LOOP

* . .

* SEAR ROUTINE - STRING SEARCH

* AT ADDRESS HL & DE. LENGTH IN C

* ZERO FLAG SET IF MATCH

*

SEAR LLAX D GET CHAR
CHP M TEST FOR MATCH
RNZ RETURH IF NO MATCH
INA H INCREMENT RDDRESS
INX D
OCR C DECREMENT CHAR COUNT
JHZ SEARR LOOF 1F NOT ZERO
RET

E J

# INRD - INCREMENTS ADDRESS FOR CTSH
*

INRD INX D IMCREMENT RDLRESS
DCR C DECFEMENT CHAR COUNMT -
JNZ  INRD LOOF UNTIL ZERO
INR C CLEAR ZEFOQ FLAG
RET

E
* CTSH ROUTINE - COMMAND TRELE SERRCH
* TRELE ADOFESS IN DE.  MUMBER OF
« COMMANDS IN B
&*
CTSH LHLD ADDS  LOAD COMMAND ADDR
LDA NCHR  COMMAHD LENGTH
MOV C.AR  TO C REGISTER
CALL SERR  SEARCH
CNZ INARD  INCREMENT IF MO MATCH

LDAX D LOW RCODRESS

MOV L.A TO L REG

INA D INCREMENT RCDR
LOAX D HIGH ADDRESS
MOV H.A TO H REG

RZ RETURN IF MATCH
INK D INCREMENT ACDR
DCR B DECREMENT Crrils COUNT
JNZ CTSH LOOP IF NOT ZERO
INR B CLEAR ZERO FLAG
RET

*
* HLIN - ADDRESS INPUT WITH MIN TEST
*
HLIN CALL HL INFUT ADDRESS
JNC  WHAT  ERROR IF CARRY CLEAR
KCHG ACDR TO DE
LXI H.MMIN MIN FDDR
CALL OVTS  COMPARE

XCHG INFUT RCDR TO HL

RNC CONE IF MIN OK

LXI B.UFM5 MESSAGE ADDR

FOP H FOP WHATEVER”S ON STRCH
LXI H.CHRT RETURN ALOR

PUSH H TO STACK

LXI H.UFLL STORAGE RREA

JMP  EEGF DISPLAY MIN ADLR
uDHs B BFH

ol “MIN RDDRESS <LH>
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gae 318 a%e 114 116 a51
@as 314 =215

905 315 _ UFLL DS 3

906 320 048 o8 ¢

06 321 os 3

@95 324 215 08  SCH

896 325 x|

696 325 # DECY - CONVERT RSCII NUMBER TO EINARY
@06 325 i

006 225 041 909 009 DECY L<I H.®  ZERO PARTIAL RESULT
006 338 612 CBCL LDAX B GET NUMEER

906 331 376 615 . cPI 13 TEST FOR C/R

625 333 310 RZ DONE IF /R

996 334 124 MOY ©0.H  PARTIAL RESULT TO DE
@96 333 135 MOV E. L

206 336 ©S1 CAD H TIMES 2

906 337 051 DRD H TIMES 2

995 340 ©31 ORD D ADD ORIGINAL FART RES
996 341 051 DAD H TIMES 2; TOTAL=TIMES 18
906 342 326 968 sul a8 SUBTRACT ASCII BIAS
@35 44 376 012 CPI 10 TEST FOR VALID #

806 246 077 - CHC

806 347 322 020 082 JC WHAT ERROR IF NOT © TO 9
906 332 137 - MOV E.A  NUMBER TO E

806 352 026 990 MYl D.@  ZERO D

806 355 @31 DAD D ACO TO RESULT

@05 356 a3 INA B INCREMENT RODRESS
005 357 203 230 806 JWP DCBL  LOOP

806 262 -

806 362 * TRB ROUTINE - CONVERTS TAES TO SPACES
208 362 + TRB TO COLUMNS 6, 12, 13, ETC

806 362 -

906 362 179 TBST HOY A.8  COLUMN COUNT TO A

805 353 326 008 Ul & SUBTRACT € REPEATEDLY
8236 365 322 363 096 JNC 3-S5 UNTIL OVERFLOW OCCURS
995 370 325 PUSH D SAVE D&E

806 371 127 MOV 0,A  SPACE COUNT(-> TO D
@95 372 876 030 ‘ MvI R, - - SPACE TO A

005 374 1S @52 893 CALL GTOT  OUTPUT SPRCE

9085 277 B804 INR B INCREMENT COLUMM COUNT
907 @08 024 INR D INCREMENT SPACE COUNT
@97 881 302 3IT4 096 JNZ $-8  LOOP UNTIL ZERO

807 o094 221 FOP D RESTORE DRE

907 @95 i1 RET

007 096 *

897 088 # OUTM COMHAND - OUTPUT DESTINATION SET
@07 205 - A

@07 BAS 052 955 811 OUTM LHLD IPNT = IBUF POINTER RCOR

@07 @11 178 MOY A.M  DESTINATION CHAR

@07 B12 376 123 CP1 “S-  TEST FOR TVT (SCREEND
007 @14 212 0S4 007 JZ2  TVST  JUMP IF TT

@07 817 276 124 CPI °T°  TEST FOR TELETYPE

@07 21 302 920 @82 JNZ WHAT ERROR IF NOT S OR T
ve7 924 353 - XCHG SAYE 1EBUF ADCR

807 025 B41 237 ©1a LXI H.REOT TTY ROUTINE AOOR

@07 038 @42 6S7 003 SHLD 0TG1+1 SET IN OUTFUT ROUTINE
807 03X 876 137 MVI A.LTCD BRUCOT LETTERS COCE
@07 935 062 OTL 011 STR MOTY  SET IN TTY MODE FLAG
007 848 315 224 019 CALL SCOT  OUTFUT TO TTY

007 942 393 XCHG IBUF ADCR TO HL

007 @44 243 INX H INCFEMENT RODCR

9B7 845 176, MOV A M GET NERT CHAR

807 9458 376 103 CPI °C”  TEST IF C

@07 9S8 300 RNZ DONE IF NOT C

907 B8S1 393 @90 811 JHP TYCR C-R L°F OUTPUT TO TTV
907 @54 @41 eri 933 TVYST LXI K TYTO TVT GUTPUT POUTINE ACOR
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=>rd
ee7
ee7
eov
eer
ee7
eay
ear
eo7
o7
eer
a7
eav
ea7
ea?
=
Ba7
o7
8a7
55 I'g
ear
097
oo7
ea?
o007
== I'g

5" re
eo7
a7
897
eov
eor
ea7
8a7
=g
ear
oay
eor
ear
eo7

-
’

2= g
215 g
eav
oo?
=15 rg
=5 rg
oay
o087
ea?
eo7
oay
a7
ooy
oar
ea?
5= g
Qay
a7
oa7
ea7
oe?
oa?
oay

—
L2

as?

053
es3

063
054
oss

e7ve
er1
er2
o773
a74
ars
[~ rars

lo1

165
105
ie7
1ie
111

-
-

118
b &y
ize
ize
1z0

122

i3
131
i32
135
136
137
142
143
144
145
159
153
154
155
168
1583
165
ir1
i71
i71

L
i7L
i7s
vy
293
295
211
213
217
=221
225
227

o
gy

043
033

o015
ea?
097
ie7
241
243

187
a15
312
178
o087
5 rg
o7
ie7
345
303
301
311

els
332
esz
184
115
315
115
245
362
171
o14

364
@5z
015
318
242
215
322
303

1eS

117
Bos
193
220
111
a7
i=9
185
115
24z

857 eaz

a3

=]

116

eo?
or4

ae2
145

325

20
@51

51
e1s

356
153

104
282
125
oar
114
343
116
219
191
20219
185
ooz

Boa7

o7
P11

ees

po2

340
@11

11
023
@es
oo7

111 124
124 115
1z2 123
123 115
187 185

1z7

1as

E-18

*
BINH

STEN

BHDN

*

#* FPRINT COMMANCD

*
PRTN

FLF1

FLF2

O %+ ¥

TE4

SHLD DTOL+1 SET IN OUTPUT ROUTINE

RET

IMNX
DCX

H
H

FUSH B

MYl
RLC
FLC
MOV
ANA
IN=
ADI
MOV
DCR
J2

MOV
RLC
RLC
RLC

MOY

AMI
JMP
FPOP
RET

MYI
Jc
LHLD
MO
MOV
CALL
MOV
OCR
JF
MO
INR

o%]
o F]
D
je 2}
Dkl
0]
(2]
ol
W
(=2}
[
et

c.3

B. A
c
H
43
M. A
c
BHDN
R. B

B A
7 .
STEN
B

c.z2
PLF1
IPNT
B/ H
clL
DBCY
cC.L
H

WHAT
A.C
c

A

CLR3
FNTR
[ o

FNTR
LNOT
EOTHM
PLPZ

‘EDIT”

ELCR

“QUTH”

ouTnH

“CLRS"

CLEZ

“ INZH”

IFMC

“FRGE”

LIST

“NEMWF *

MNEWF

* BINH - CONVERT BINARY TO OCTAL

ENTRY FOR SPARCE FIRST
NORMAL ENTRY

SAVE EB&C

LOOP COUNTER

SHIFT LEFT

TWO PLACES

SAYE VALUE

2 MSB’S IN A NOW
INCREMENT STORAGE ADOR
ADD A=SCII BIARS

STORE RESULT
DECREMENT LOOP COUNT
CONE IF ZERO

RECALL YALUE TO A
SHIFT LEFT

THREE FLACES

SAVE VARLUE
MASK THREE BITS
LOOP AND STORE
RESTORE BSC

SET LINE COUNT
JUMP IF NO # INFUT
# ARODR IN IBUF
RODDR TO B&C

CONVERT TO BINARY
RESULT TO C

TEST IF > 255
ERROR IF > 255
LIKE COUNT TO A
INCREMENT COUNT
SET FLAGS

CLEARF. IF NOT ZERO
CURFRENT LINE RCODR
DECREMENT LINE COUNT
ODOME IF ZEROD

SET LINE POINTER
OUTFUT 1 LINE
JUMP IF AT EOF
LOOF

COMMAND TRELE - COMMARHCD FOLLOWED
EY FOUTIMNE RDORESS



ea7 235 184 111 123 128 Dl “DISP”

897 241 125 @ez2 DW OCFL
897 243 194 1065 117 105 =] “DEOF”
287 Z47 203 ee2 DW DECF
@e? 251 1413 1131 114 113 =] ‘KILL”
8e7 255 365 BO1 (22 KLRT
8e7 257 122 125 182 117 DH “RUBO”
297 263 302 ool oW RBCM
a7 265 124 161 120 165 o “TAFE”
BayY Zvl 274 609 Dl TPCR
ear 273 12 117 124 115 ou “BOTH”
ear 277 A32 @95 ) Cld ETMM
ea7 Ie1 114 117 101 104 (1] “LORD”
ga7 395 38z oz (27 ITCR
ae7 397 124 111 123 115 oW ‘DIZM”
aa7 313 241 82 DW oIisM
897 315 115 117 184 185 oW "MODE~
8ar 321 320 o8l CW MSCR
837 323 122 185 124 115 (o7] “SETM”
8a7 327 144 804 Dt MHMCR
ap7 331 114 111 123 124 (o) “LIST”
gar 335 19 Bes o LCHR
aa? 337 ' -

297 237 * SINGLE CHRRRCTER COMMANDS
ga7 337 *

eay 337 ia1i B “R”
807 340 227 eo4 CH AFND
oy 42 194 B ‘D"
eary 243 334 @83 D DELE
ear 345 111 bB S £
a87 246 252 ee3 (V] INSL
847 354 ies oB Er
8a7 331 354 @92 D EDCR
Be7 353 114 5] e
O7 354 231 905 (v} LOCT
aay IS6 116 0B N7
ea7 357 112 @91 . 17] NXTC
2a7 &1 183 oB e
Bay 6 264 064 DU CCRT
/87 384 124 . e T
eay 255 343 aol (=2 TOFR
Q97 SET7 129 B g
88y 7o 129 eer (2] FPRTN
Ba7 =7 196 oB Fr
@ay V2 367 8@S5 =2 FING
2807 273 iz2 e R
287 75 a41 aps W RLCR
eig @ed 121 B ra”
219 291 o588 =410 (212 MONT
618 8a3 * :

819 603 #* THWO MESSRGES
aig o093 -

219 093 111 116 129 123 INMS LW < INFUT”
019 B6a7 124

aig aglo 215 (8] &CH

el9 gLl 195 125 114 114 EFER Dl “FUULL OR PRRTIAL FILE?”
@18 o135 B33 117 122 848

P13 azZ1 129 1ol 122 124

818 8z35 111 191 114 948

913 831 1585 111 114 165

819 azs e

918 BzZ8 248 0B 7 7+30H

a13 az7 *

&813 B37. ' # INSM COMMAND - INSERT FROM MEMORY
@l1a Bz7 *

a13 837 a5z 955 o1l IFMC LHLD IFNT IBUF RLDR
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eie
ele
gie
o106
o190
818
e1e
019
alo
0109
eie
eia
@10
10
elie
oi8
eis

ein
o118
8io
eln
aig
o8
219
o106
el
o218
ela
816
eig
o186
elig
eale
aie
ale
P10
el1o
ais
eip
eie
eie
el1a
o1e
ale
o210
216
a16
ola
elg
ele
81e
Bio
eip
a1p
eio
a1a
o813
aie
Gig
olo
1B
819
218
A1
@18

g4z
843
844
047

ess
854
ess
8se
0353
856
arvi
74
ars
> g
i1e2
ie3
184
197

114
115
121
123
126
128

125
12y
138
131
123
135
137
143
142
145
146
147
152
152
156
157
182
165
179
i71
174
b
zez
28z
267
213
14
217
ze
223
224

224 -

224
224
225
227
239
233
234

164
115
215
843
352
i75

312
852
=0 5§
315
315
353
els
a31
a3z

372
37é
32z
37e
312
376
382

167
84z
ezs
37E
312
eld
171
37é
a2
267
325
315
321
arz
75
es2
392
315
211
281
o41
Ias
15
152
1a4

107
333
eay
322
7o
32z

325

eze
244
ars
16z
235

BR2
a7

iri
e4e
125
az4
126
a15
171

e15
145

118
iz

ai4
a4
a7vs
pré
202
214
127

181
191

oas
225

550

ees
a8z
(515 =
oil

8es
o1l

818
219
ein
218

ale

o118

5.0 rd
Bl

211
aia
348

eio
818
a0z

164 249
124 1491

216
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IFM4

IFM3

ke

TO BSC

MOV B:H

MOY C.L

CALL DBCV # TO BINARY

CCR H TEST VALUE

JP WHAT TOO LARGE

mMoY AL

ORA A SET FLAGS

JZ HHAT ERRGF, ZERGD LIMNES
STAR NCHR SAVE VALUE

LXI H.,RDMS

CALL OUTR QUTFPUT MESSAGE
CALL HLIN INPUT RDDRESS
KCHG TQ CE REG

MYl C.2 SET CHAR COUNTER
LXI H. IBUF+2 SET RDEF
LDARX D GET MNEW CHAR

ORR A EET FLAGS

JM BADT EAD IF EIT & SET
crr 7 7 TEST 1IF BLANK
JHC  IFML Ok IF o= BLANK
CPI TRE TEST FOR TRB

JZ IFM1 oK IF TAB

CFl 13 =~ TEST IF C/R

JHZ BRDT BAD IF NAT C/R

* NEW LINE TO IBUF

*

IFML MDY MR CATA TO IBUF
INS H INCREMENT RDDR
INK D
CFI 13 TEST FOUR TR
JZ2 | IFM2 EQL IF C-R
INRk C INCREMENT CHAR COLNT
MOV A.C TO0 A
EPI  CHAX TEST FOR MAX LENSTH
JHZ  IFMZ3 CONTIMNUE IF OK
IFMz OFA A CLERR CHREY
PUSH D SAYE ADDRESS
CALL INSL INSERT LINE
FOFP D
LDR  MNCHR LORD LINE COLNTER
DCR A MINUS 1
TR HNCHE SAVE LINE COUNT
JHZ  IFP LQOF IF NOT ZEROD
CALL CFLF C/’R TO TWT
FET
BADT LXI B, BOMS MEZSAGE ACDE
LXI H.EBOLC STORARGE AOCR
JHF  EEOF OUTFUT BRD DATA ACDR
EOMS OB 8oH
D “BAD DATA
EDLC D= 3
e ”
os 2
o] S0H
” .
* QUTFUT TO TTY FOUTINE
*
SCOT MYy B A SAVE CHAF
SCoL IN START INFUT UART STATUS
ELC THMST FLAG TO CARERY
JNC  SCO1L LOOFP UNTIL RERDY
MOV HA.E FECALL DATA
ouT TTY OUTPUT



ei8
el1e
eie
810
a1a
210
818
019
aie
216
812
e1a
210
210
@19
a18
eia
819
810
gia@
o189
55 s ]
a18
819

819 =

o198
e1e
918
e810
ale
219
219
810
ale
619
819
558}
210
919
219
018
218
aia
e19
a18
810
218
219
eie
811
011
e11
a1l
211
211
611
a11
a11
g11
a11
811
211
o11
11
a11
a1l

236
237
237
237
2327
249
242
245
50

345
3353

368
362
363

370
373
375
=157 ]
ooz
=557
ear
ol2
aid
=3 g
=) g
aiLy
817
921
az2
az4
azZr
aza
ez1

832

211

117
376
232
382
ars
a3
346
187
arz
i27
249
a2
ars
252
852
215
ars
241
13?7
Bzs
171
378
322
841
383
a4l
az1
176
375
222
315
311
ivé
sez
ars
3093
376
312

B A4

ars
ez
315
are
a3
ars
315
ais
315
eve

ez

45
117
151519
g41
@11
i7s

=45

315

249
241
2535
=20
335
149

gri

a1
144

a7L
224

837

880

168
323
315
32

255

283
17
224

Q12
353

oa2

335 @

ai1s
=55
ea7

3
ary
224
Bas
335
a18
224
i (=14
215
202

335

ga3
335

o190
a19

o118

911

219

D11
21a

a18
341
819
341

011
a1ia

@18

o1l

uil
55 K]

919
018
41

018

" al8
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RET
*

* ASCIIA/BAUDOT COMVERSION ROUTINE

B
AREOT MOV
CPI
Jc
JHZ
YT
JrP
AMI
MOV
LGA
MOV
ANA
JNZ
MvI
=RA
ZTR
CRLL
Mool MYI
ANA
Moy
MYl
MOV
CPI
JNC
LKI
JHP
LTEH LKI
DFAHD
MOV
CPI
JHC
oTiC CALL
FET
CHTL CFI
JHZ
MYl
JMP
CPI
JZ
CFI
RMZ
MYI
STA
CRLL
MYl
JMP

- TYCR MYI

CRLL

MY'1

CALL

MvY1

JiP
-

C.A
28H
CNTL
$+5
A, 4
oTic
€eH
E.RA
MOTY
C.A
B
Moo1
A, &4H
D
MOTY
SCoT
A. 31
c
E-R
0.9
R, C
&4
LTSH
H. FIGS
$+43
H. LTRS
2]
A-M
1238
ECEQ
SCoT

b 1]

45

A. ECLF
oT1C
1=
TYiR
7

A, FGCD
MOTY
5CO0T
A, BLEL
oTicC
R. ECCR
SCOoT
C.5
THDIL+5
A, ECLF
0oTic

SAVE CHAR

TEST FOR SPACE

CONTROL CHARR IF < SPRCE
JUMP IF HOT SFACE
EAUDOT SFACE

QUTPUT

GET BITS 5 & &
SAYE IN B
CURRENT TTY MOCE
SAVE

ANG WITH CHRR MODE
JUMP IF UNCHANGED
LOAD 81160180 BINARY
FORM NEW MOCE

SET FLAG :
QUTFUT LTRS-FIGS COCE
SET S LSB'S

GET LEB"S OF CHRR
SAVE

FECALL CHRR

TEST IF LTRS GR FIGS
JUMP IF LIRS

F1G5 TRELE ACDR

TRELE RODR
ACD CHAR RLDRESS
LOAC BRUDOT CHAR
TEST IF BIT 5 ZET
JumP IF SET
QUTFUT CHAR

LINE FEED

ERUCOT LAF
QUTFUT
CAR

BELL

FIGS COCE
SET FLAG
QUTFUT
EARUCOT BELL
DUTPUT
EAUCOT CA/R
QUTFUT

SET C

3. 2 SEC DELRY
BRULOT L/F
QUTFUT

* THD_CHHRHCTER EQUIVALENCES

i

ECEQ ANI
MOV
MY I
L<I
CARD
MOV
FUSH
CALL

1FH
(ol }
E.0

H. BEGY
B

A M

H

AREDT

GET 5 LSB’S
SAYE.

TRELE RODR
ACD COFFSET
GET FIRST CHAR
SAYE RAOLR
DUTPUT 15T



e11
e11
o1l
e11
811
11
o111
oLl
e11
11
e11
611
a1l
11
oi1
811
il
211
e11
11
a1l
e11
e11
811
211

ei1
Bi1
i1
ei1
81l
o111
e11
g11
eil
o1l
11
o111
o1l
oll
o1l
e11
e1d
11
211
811
a11
211
211
811
o11

8335
aze
e37
848
043
a4z
243
B43
B4z
242
g43
043
043
04z
43
84z
84=
(58 4
043
a3z
843
942
@43
4z
243
843
04z
44
245

56
o511
853
55
asv
210 8
B53
B85S
Qee?
evi
3 =y
22
ez
282
ez

-~
=!

2oz
202
zez
282
202

- 341

943
i7é
393 237 019

FOF H
IN: H
MOY AN
JiF REOT
E 3
* VARIABLES
*
SP EQU &
PSW EQJ & °
TYT EQU &
TAFE Ec) 1
N4CS ECU 17
N1CS EaU 12
CHMAX EGU 7
TRE EGUI 2
CRLF EGU BEOZEH
CLRS EQ) SEQSDH
HL EQU ©ES4ZH
THDL ECid OELSTH
TAFO EQU GEL1SSH
TAFI EQU ©E0sIH
LTRS ECUU OELADH
FIGS EQJ BOELCDH
BEQY EQU ©ELEDH
STRAK ERU QETZ9H-
MONT EQU BEOOOH
KILL 0S 1
NCHR DS 1
TEML DS 3
RUBD DS 1
MODE D5 1
MMAX DS 2
RLDS DS 2
IFNT ©S 2
TOFL DS 2
FNTRE DS z
EFFN LS 2
MVAD DZ 2
TEMF 3 2
MOTY 05 1.
IBUF DS V2
EGLF EQU Z
EDCR EQU &
EDEBL EQH} T
FGCD EQU  ZEH
LTCD ECJ  SFH
TTY EQU 4
STAT EQ S
MMIN EQU  $

*

HEXT RADLFE
SECOND CHAR
OUTFUT

STACK FOINTER
STATUS WORD

TT FORT

TAFE FORT

# OF 4 CHAR CHHMDS
# OF 1 CHRR CHMDS
MAX INPUT LENGTH
TAB CHAR

TYT CA/F QUTPUT
CLEARR SCREEN ROUTIME
ACOR IN ROUTINE
TIME CELAY ROUTIHE
TRFE CUTFUT ROUTINE
TRFE INPUT ROUTIMNE
LETTERS TRELE ADOR
FIGUFES TABLE ACDODR
DOUEBLE EQUIY TRELE ACCR
£039 STACK |
MOMITOR AGCR

KILL CHRR

# OF CHAR
TEMFORARY STORAGE
FUEOUT FLAG

OUTFUT MODE FLAG
MAX MEMOEY POINTER
RCODRESS STORRAGE
IEUF POINTER

TOP FOINTER

LINE POINTER

EOF FOINMTER

MIVE ADDR FOINTER
TEMFORARY STORARGE
TTY MOCE FLAG
INFUT BUFFER
EBRUDOT LA F

ERUDOT C-R

ERUCOT EELL
FIGURES CODE
LETTEFRS CODE

TiY FORT

STATUS FORT

HIN UJSAELE ACLE

A4t kbh+ END CF EDITOR
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APPENDIX F

DISASSEMBLY LISTING OF PILOT EDITOR

The following pages are a symbolic listing of the PILOT
Editor. This listing was produced by the Digital Group Z-80
Disassembler, running in the octal, symbolic mode. See (=1

for disassembler operaticonal notes.



gpaads g4l @az2 344 LD HL . 348a3az2
Fa3383 LVE Lb A.oHL D
gatsad 3IVe 123 CF 123
Sadaas @38 983 JF B&83 ¥0aaav iy
GaEEale 383 884 348 P 346884
daagl3d 323 aaz ouT 8az
gagals 3083 8§23 g JP GEEaz3
gag@iazZe 383 Bay 3s8 JP 346087
#@Eaz: ave 237 LD A, 237
ABARzS 383 B33 aea Jp 6gaail
FaFda3a 363 BlZ 348 JP 4Btz
AEQE33 323 aal oy 881
HEFE 3T 383 &33 Gas JP Goag43
degagy 383 8615 3486 JpP 340813
Faaad3 Byo 337 LK H, 337
ggeigds 323 d81 ouT @81
gaEady 3Ll FRET
QESES0 383 928 346 JP 3d4@aza
BRBES3 323 a8l auT eot
GEEASS 283 483 ada P B8ae8e3
geasd 383 823 348 JP 348023
a@dadal 3ot FOF  RF
dagnss 3481 FOP EBC
GEdias 321 FOP DE
pgddos 311 RET
SEAEAT BEg HOF
HEdaTe 383 326 348 P 348826
JEEa7v3 g4a gas JR NZ, 865 ¥aoele2x
HEREYS 8o4d IHC L
BESHTE ZT8 C {HL)
HBAATY 31Z 988 348 JP Z, 340080
Baalaz a4l @88 Gaz LD S5P.BozZeea
GEaled 82l 80g 346 LD DE, 348883
gEAL1a @va 288 LG A, 36k
Sgdl iz 23 ada auT @aa
gEdile Z15 al3 G4d ChRLL cowalld
deally als aia Lo C.@816
gLzl 333 aal IH aaz
gagizs 241 AHO C
AEgis4 ass 373 JR 2:373 jgealz2ix
HEALZR BYA 2484 LD F. 288
#EGi3a 213 L3 688 CALL Qapel3
#A3 133 313 254 @88 CALL 0aazS4y
Ggalze 941 088 Q&8a LG HL , @g8aaa
Hadial 951 G@e @az LO SF.gazeaa
Aaaiad a3a 383 AR 863 igEBlSLx
OEdlqas 3893 431 I48 UP 338831
BESi1ST 878 348 LD £, 34a

53 31T |l3 gas CAlLL &808lL3

5 313 254 s CALL faazsd

&1 3a85 FLSH AF

g2 317 254 Aaa ChaLl aa&azcg

i85 385 FUSH aF
g las d4ag a8z L E,&83
oalyd 315 254 Agqd Cali 838254
GEalcTs B2 373 OiHZ 373 X@aalvad
JEALVE 174 L “ s H
IGRLVE ZES O L

txj
|
4V ]
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3rl
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2o8
vaz
gL
24z
aze
aoi
27s

L1ae

ao4

"2LS
gz
a1v
3ee
357
aal

a2

=]

rs

LY

JR

FOP

CP
AR
JF

P
JR

FOF

Z
nE

H.880136

HZ,273
HF
B

HZ,271

ChRLL @a@z54

LG

INC

{DE): A
e

O4NZ 371
CRLL awaz34
CRLL 8a&z54

LD
ORr
JK
IN

AkE

JE

INC

Lo
CP
P
JR

R.H

L
NZ.2%6
aaz
aLy
HE, 242
c

R, C
az@

£, 347601

-
o

- PUSH OE

FUSH BC

Lo

OEC

IHC

L, 188
BC
B

OaHZ aa4

Ln

BEC

ot

IN

RHD

JR
LB
auT
IN

B.D

o
2,215
gaz
aLy
Z.:3a2
A 337
qal
aaz

FUSH wF

Ko

LE
Lo

LA

ROR

Lo

L
ODJAnNZ 37
Loy

RRCA

RRECH

Lo
RHO
“OR
L
(R
ARND
KOR
Lo

R
&L

-..j-\. -
b B L e

I ®LDIrem
x

by
W

¥@@ol3sx

¥beola3x

¥aae1e3%

tBag2l4x

¥608163%

¥e8e163%

¥BBalSlx

fGgezroX

reae165%

10geZalX

Fgag3lLx
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ole
gle
g1e
ale
aie
dle
o16
gig
gie
618
éie
tig
aod
363
383
325
345
366 Zow
37a 215

EX AF.AF'

EX  AF.AF'
EX  AF.AF'
EX  AF.AF'
EX AF.AF'
EX AF.,AF'
EX AF.AF’
EX  AF.AF’
EX  AF.AF'
EX AF.AF’
EX  AF.AF'
EX  AF.RF’
EX  AF.RF’
EX  AF.RF'
EX  AF.,AF'
EX  AF.AF’
EX AF.AF'
EX AF.AF'
EX AF.RF’
EX  AF:AF'
EX AF . AF"*
EX AF.AF'
EX ARF.AF'
EX AF.AF’
EX AF.AF'
EX RF,AF’
EX AF . AF'
EX AF.aF’
EX  AF.AF’
EX AF.AF’
EX RF,AF'
EX  AF.AF’
EX  AF.AF'
EX  AF.AF'
EX  AF.AF'
EX AF,AF'
EX  AF.AF’
EX AF ., AaF'
EX AF.RF'
EX RAF.,AF'
EX RF.AF’
EX  AF.AF’
EX  AF.AF'
EX  RF.AF'
EX  AF.AF'
EX  RF.AF'
EX  AF.AF'
EX  AF.AF’
NOP

NOP

FUSH AF
PUSH BC
FUSH DE
PUSH HL

OR 268
cP 215

312 111 @11 JP  Z.,8i1l1l
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BL1E13
Bi1B15
BLLEZE
811822
BLLEZS
611627
BL1632
a11635
B11E48
BilE41
Blifds
BL1BS7
B11652
BLLESS
811658
BLLE5]
@L1862
811665
811886
811867
B11678
a11ev3
811676
BLLIE7T
@111e@
aiiial
e11162
811163
e1iied
e11165
eliLil
@11114
@11117
etitze
811125
B11128
e11131
81113z
| @11135
611138
811137
611146
Blii4l
G114z
 @11143
CB11148
@1115t
811154
811158
B1i161
a1i164
811165
 BlL176
@117
811174
811175

378
31z
375
31z
376
382
315
852
653
a4z
315
363
@sz
365
arz
274
314
361
15

A43
a42
315
341
321
3e1
361
347
311
876
363
315
303
315
a5z
353
a5z
114
g4t
174
g2z
g23
843
174
27t
3a8z
g5z
642
ave
315
asz
353
as52
176
315
843
175

21z
é7o
e
Br7o
233
asz
21e
311

311
154

ra
311

3ia
Liv

3L1
37e

135
317
311
177
3are
311

313
372

gl1
@1t
611
011
ai1
gtl
ati
a1l
a1l
BLi

a11

811
Bog

BL1
5398
133
ali
611
gL1

134

g1l
ati
all

ago
a1l

8i1
(15 1%]

CF
JP
Er
JP
(3 of
JP
CatLl
LD
BeC
LD
ChLL
JF
LD
PUSH
Lo

CALL
POF

INC
LD
CALL
POP
POF

" POP

CaLL

212
Z,011676
aoa
Z,611876
233
NZ.@11852
011210
HL,(B11311)
HL
CBL1311),HL
B11154
611676
HL,(BL11311)
AF

A, (B11316)
H

Z,811117
AF

CHL). @

HL
(B11311), HL
606372

HL

A, 815
611600
BLLLLY
133368
glL1Zle
HL,{B11313>
DE,C(HL)>
HL,<{BLL313)
€.H
HL,1341a8
R,CHL)
(DE)J.R

DE

HL

A H

c

HZ,811135

CHL,(@L1317)

<@11311),HL
A, 177
680372
HL,(B11311)
DE.(HL)
HL,(811313)
A, CHL )
688372

HL

AL

F-28



811176
BLLLTT
Bilzaz
BL1Z63
e11za9
 BLLEGT

G116
@LLz13
@112 14
BiLlz17
BLLEZS
BLLz2l
BLizze
BLiz24
BLEZZ7
B11236
@11233
BL1235
@1Lz4@
BlLiz4l
@1iz4z
@11245
8L1z5@
811251
811252
@1L255
B1L257
811262
B11264
BLLZG?
Bi1z71
@11273
@LLZ7S
BLLETE
611366
g113a3
BLL3E5
611368
B1L311
@1L312
GL1313
@113 14
811315
811316
@Liz17
@LL3za
BLi321
ali3ze
611325
611330
611332
B11335
611346
BLL341
B11342
@L1343
Bil344

X e a] DD
b I
P )

Lve

17e
315

2 311

Z24qu
3re
21y

337
37z

cZle
L34

258
341

2 271

373
2vl
337
177
1 g

633
ggp
8L35

=]a 18]

332
gez

o 347
g Lez2

Zad

agtl

ail
el1
ail

aae
6Ll
aea
e11
eil
esl

elil
ail

g5

611

eLl
ga

et1
@l1e

gLl

CF E

JP NZ,81L178@
LD R, H

CF O

JP NZ.,8l1li76
RET

LD HL.,(011313)
td C.H

Lk  HL,C@L1311)
Lb  A.H

€F €

RET £

LD (HL ), 248
CaLL @oewe3ve
INC HL
JPo@eii2ly

L R,337
CaLL baasvz
FUSH HL

PUSH De

CALL ©11218

CALL @L1154
FOF BDE

FOF HL

CARLL eet256

crP 341

JF C.,eL1271
Cr 373

JP NC,8llevl
AND 337

ANO 177

EP Lve

RET Z

cP 833

JF Z,8d850060
CP 815

RET 2

JF élleoe
RST 24

Lo E.nR

HOP

LD E.H

NOP

Lb H.B

RET NZ

LD Es;fR

XOR A

JP 811332
CRLL oeooaz

LD RA,347 ,
Lk <(eiliez). A
JP ele2a4d

Lt  E.L

XOR A

LD L.A

L 0.A

LD (®l13L1).HL
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gLl LO (@11313), HL

i |
| joad
L73 ]

B11347 @«

sz
811352 353 EX  DE,C(HL>
@L13533 225 SuB L
@r1354 L1V LD €A
@1135% Bee 377 LD B,3¢7
BL1357 @51 ALD  HL,HL
#1388 831 ~ RDD  HL,HL
gi13al @51 ADD  HL,HL
811352 851 ADD  HL,HL
Bl13a3 @31 ROD  HL.DE
Bil364 @42 315 @il LD (BL11315).,HL
@lL3ay @il AROD  HL,BC
811376 b4z 317 Bl1 LD <(BL1317).HL
@LL373 327 RST 16
811374 600 NGP
811375 oog NOP
611376 @us HOP
8L1377 Boe NOP

Blzabe 33 020 @iz JF  @lzZezs
812863 @41 366 630 LD  HL.,83B8300
Bizobs 315 Gow @i4 CALL @ldoes
Bizell @41 zob 831 LD  HL,83L208
8lzal4 315 ot ol4 CALL eld4eoe

BlzELlY @76 BZa LD  R.828
_@leagl ez @ul @lz LD (eizedgr)n
. Blzez4 aed NOP
. Bl2e25 Gab RGP

glzeze 841 838 6830 LD HL ., B3p038
Blza3t 315 ool o014 CALL 0Ol4bBoe

elza34 315 oew @15 CalLL 8l56ab
Biza37 303 lew @1z JP erzles

Blzass 60 NOP
BlzE43 903 NOP
BlzE44 @08 NOP
@1ze4s a6 NOP

 BlZEgE 841 648 013 LD HL.e13@48
@1ze51 315 @68 Bi4 CALL @ld4bes

 Bleue54 838 358 JR 358 xg1z0z26%
Blzass oed RGP
8izas7 age NGP
dlebing @96 NOP
glzasal age NGP
dizdaz dop HOP
dizoald @da HOP
glzaad agd NOP
@izeed abe HOP
Blédoe ddg HOP
al28s7 adg RGP
@lzave oo NOP
glzavl ooe NOP
glzavz aee NOP
Blewvs led LD B.H
glzavd gi5 beC C
Blzayd 323 317 OUT 317
alzevy 326 @72 suB e@re
#lziel 356 RET FE
eiztez 133 - LD E.E

F-30



iz 1483
Biz1as
glz21le
atziii
Biz11l3
aglelid
Blzils
Bizlile
Atzize
gLz 123
aiz1i24
H1Z2123
giziza
G1z2127
Biz i3
Biz 131
aiz 132
812133
Biz 134
aiz135
812136
@tz 137
Blz144d
Bz 143
Bloids
a1z 147
gizisa
3
812154
Biz 157
 BLE162
glz 163
Biz1e4
6lz 165
giz 164
alzla?
- Biz1ve
giz1?1
Biz 17z
8lz173
Blziv4
aiz175
dizl7e
iz 177
Bilzzea
gizze3
gizzas
BLzz@v
glzz1e
gizz1i
dlzziz
aizz13
Blzzi4
BilzZZ15
alzzls
eizz1y
glzzzda

aaé
g41
276
a5a
643
a43
843
aza
383
B33
13&
043
iza
333
351
ago
aao
aoo
aag
gad
FETS ]
geg
gaz
378
8650
257
Bad
d7g
8a2
383
oag
aad
aga
gog
aga
Gae
a8
Bog
gga
gae
BoB
aaa
Gag
Boo
e&2
383
aea
a3
Gag
aod
aga
aps
goa
gog
aog
8do
aag

aLz
@38

gle

3ve
g46

avv
320
@83

ba2
347

83z

gLz

le2 611
gza @l

ay (T

Ll v
My =g
o

Mo M

HOP
NOP
NOF
ROP

JP

HOP
NOP
HOP
NOP
NOP
NOP
NOP
NGF
HOP
HOFP
HOP

B.612
HL,832030
CHL)
Z,8l6
HL
HL
HL

Z 37e
Blzede
HL
E,(HL)
HL
b.CHLY
DE,{HL)>
CHL)D

$012123%

$012110%

(812877, A
328
Z,803

A

6oz 1812154%
A, 347

(@11182). A
12828

¥erz152%

(812076, A
6LZ826
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@tzzzl
Bizzzz
812223
Blzzz4

Blz225
@12226
@1zz27
g12230
g12231
812232
@12233
@12234
@12235
812236
812237
e1zz48
a1zz41
 B12z42
812243
@12248
@12251
B12254
812255
612258
812260
Blzz62
812265
e12276
@12273
812276
812389
e12362
612385
 B123te
812313

812314
@12315
812316
812317
812326
eiz321
812322
812323
@12324
812325
B12326
812327
812330
812331
812333
812334
612337
812342
812345
612347

8iz2358

oee
(S P=1 ]
dug
boe
deg
(51217
abe
aog
bog
aad
aaa
dbe
51517
oo
voeg
g
dea
bee
dag
841
6ol
tal
843
6z2a
daso
841
g4z
641
313
37a
g5
G641
313
852
853
138
853
12a
325
@853
1358
853
1z
343
353
2av
3935
122
grg
341
B42
41
315
638
341
bed

a8r5
166
377

374
oze
oo
8v3
249
e6eo
248
6850
368
6o
avs

814

av3
340
aaa
321

ate
15
leo

a15
gLz
13
als

813
8le
aiz

53 ¥4
813
aid4

NOP
NOP
NOP
NOP

NOP
NOP
NOP
NOF
NOP
NOP

LD
LD
CalLL
JR

POP

bBJNZ

(B12875),A
HL.8151e8

BE, 180377

(HL).C

HL

374 3012254%
B.,@ze

HL.@15108
(@1z2873),HL
HL.@813z248@

élcooe

248

Z,d30 ¥012352%
HL.,81338d

Blesdo
HL,{B812873)

HL

E.CHL)D

HL

D, CHL)

bOE

HL

E,{HL)>

HL

D, {HL)

{SPJ,(HL?

DE.<CHL)

H

ESCAPE

HL . OE

C.e14 1012347
HL

(812873),HL
HL,B813348

el4e00

321 18lz270%
HL

316 ierzz7ex
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Bl2352
BL2 355
8lziaHd
Blz361
alz3ag
Blz263
flzEea
Biz37e
Hlz 373
BlZ2374

Gi3eiz
gi3eis
Bligee
Biiazi
giigze
13823
Biiczd
BL3E25s
B13628
8l3n3y
agii@st
aiigsz
813833
@lia3d
H13835
gise38
B13637
gliE4a
a13a41
Bisggz
B13644
a13645
BL3650
B13651
gl3asd
Bi3857
Blidgaz
#136183
gliaad
a813da6
Bl3avt
(= ) A%
BLiery
BLIUT75
BL3878
BL3ET?
6l131au
gl3tol
giiiraz
griiad
€@13185

383
313
B3
1&g
315
311
gea
315
3it

b5z

" @7z

383

3 38l

384
dud
318
332
383
3Ze
3L7
32a
385
32d
z2iz
3ia
agag
a3
Gag
gaa
e
aas
Goo
saa
835
3iti
318
K1<h1
3t4
244
383
315
384
Z7¥
£dd
3648
322
3it
323
231
215
et
(<1=]5)
a6L?7
it
318
381
314

(S
oy 3

331
332
2Lz
383

ele

317
248

324

3za

3e4
315

316
256

314

7 JP
¢ CALL

INC

CRLL
RET

CatL
RET
Lo
LD
PUSH
POP
CALL
HOP
RDC
JP
JP
RET
RST
RET
FPUSH
RET
AGC
RDC
NOF
NOFP
NOP
HOP
NOP
NOP
NOP
HOP
BEC
RET
ROC
FOF
CallL
AND
JP
CaLL
CrLL
cpP
AND
ROO
JP
RET
1131
XOR
RDC
HOF
HOP
RRECA
RET
RDC
POP

élL7e66d
B1232a
HL

B,{HL)
822233

B. o646
822233

HL.{@a4al46)
R, (322686)
BC

BE
NZ,215331

332
€,3la2l2
212363
NC

88

NC

BC

NC

o

212

E .

326

BE
Z2,364311
B

315317
3le3@l
HZ.2562468
A

B

317
NC.314240

324
€
L

3zé
BC

311 3@4 CALL Z,384311
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B13110
B1311t
813114
Bi3115
@13126
@i3121
B3z
@13123
a13124
B13125
@13128
813127
B13136
813133
813134
B13137
813148
A13141
@13142
@13 144
813145
@17 158
G13151
813154
B13155
813156
813157
813166
013161
813182
613163
@13184
@131E5
a13 166
e13167
B13176
013171
e13172
@13173
813147

B13175
a13176
@13177
813240
813281
e13zae
@132284
B132685
B13716
813211
a13z12
A13213
@13216
B13217
e13z222
813223
613224

246
384
311
383
3li
294
3et
294
311
detid
608
el
322
254
322
dou
815
311
318
381
314
246
315
385
215
aég
gag
g
ded
oo
atig
goe
gog
cee
bao
=1=1¢]
ao
Bag
dee
ey
aog
ood
aee
gzz
311
3la
3t
3t4
248
3zd
361
322
365
324
£15
aog
o

)
)
on

)
o
o

328
311
317

3el
363

o)
g u]
o

o
-
o

381

aag

3L
3ze

AND
CRLL
RET
JP
RET
XOR
FopP
KOR
RET
NOP
NOP
HOP
JP
KOR
JP
NOP
bEC
RET
AOC
FOP
CALL
AND
CALL
FUSH
AGC
RGP
HOF
NOP
NOP
HOF
HOFP
NOFP
NOF
NOP
HOP
NOP
NOP
NOP
NOP
HOP
NOP
HOP
NOP
LD
RET
ADC
POF
€aLL
AND
RET
FOF
JP
FUSH

B
NEZ, 32630835

215385

H
BC
H

NC,3e1254
H
NC, eobooe

c

326

BC
Z,384311
B

364317
BC

L

CDE): R

3zé

BE -
Z,384311
B

NE

BE
NC,315361
&€

CALL NC.,32230835

ROC
HOP
HOP

L
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@i3zzs @aa NGP
a13zzé @oa NOP
B13227 BOB NOP
@13238 Goe HOP
@13231 @oe NOF
@13232 @oa HOP
613233 GOG NOP
813234 o6 NOP
013235 @od NOF
B13236 060 NOP
@13237 @80 NGP
@13248 8497 RLCA
B13241 323 324 oUT 324
813243 301 POP BE
@13z244 384 364 322 CALL NZ,322304
813247 275 CF L
@13250 Gaa NOP
§13251 680 NOP
813252 Bed NGP
 @13253 @80 NOP
| @13254 668 NOP
@13255 086 NOP
813256 o8 NOP
813257 069 HGP
813256 060 NOP
@13251 g08 NGR
613262 698 NOF
B13263 o8 NOP
813264 @oe NOP
@132&5 608 NOP
@l3z266 GG NOP
@13267 806 NOP
613276 608 NGP
613271 608 NGP
B13272 @680 NOP
@13273 @66 NOP
813274 BOB NOP
@13275 608 NOP
613276 @06 NOP
813277 @08 NOP
6133686 687 RLCA .
@1338L 316 384 ADC 384
613383 361 POP BC
B13364 384 384 322 CALL NZ,322304
eL3387 275 P L
Bi33168 @8 NOP
@13311 808 NOP
613312 BOG NOF
613313 6e8 NOP
B12314 605 NOP
B13315 006 NOP
613316 @08 NOP
G13317 Goe NOP
813326 @ao NOP
BL332L EO6 HOP
@13322 ooa  HOP
813323 @08 NOP
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©Hl2 324 gde HOP

GLIFZT goo NP

13328 Gog HOP

BLE32Y Bog WOP

S$i333a gog HOP

HLZ331 bog HOP

813332 adgd RGP

G613333 agy HOP

H13334 Gag HOP

BLEIE35 s ROP

Bi333e Goa NOFP

SL3337 Gog NOP

L3346 835 DEC E

Bi3341 31l RET

Sl2I342 31le 325 ROC 328
Bl3344 381 FOR BC
L3345 314 311 384 ChRLL 2:.38431L1L
HLIZ358 24 AND B

HEZ3SL 38t FOr BC
CBL3I35Z2 384 384 322 CALL HZ2.,322304
213353 385 PLISH BT
d13358 323 323 Gut 323
Bl33ca zZ4a RHE B

Bi3=81 323 385 outT 385
13253 324 zZ48 322 CALL HE.32zzde
Hi338a 385 FUSH BC
@#13387 255 XOR L

BiZ37VE 385 FUISH BC
BL3371 3ta 324 ROC 32
B#i13373 343 FUSH BGC
B13374 322 zZ1S ags JR HC, 8802135
GLE3377 Age HOF

SBidEae 365 FUSH BC
Glaggl 1o LE B,iHL>
Bideaz o943 IRC HL
grdoes 178 Lo A.CHLDY
gidends 31D Lo @td4 CALL Gidloa
GL4E07 243 IHC  HL
Giddte A4zZe 371 ODUHZ 371 X014803%
Gidemriz 391 FOFr &C
Hidail 3il FET

Sidmid o HOF

G1481S eon KPR

pidaie aga HOF

S4B LT Bag RGP

Bidusg 178 LE RA-(HL?
Hldmsl ZLS Led 014 Chll Bidien
Gidzg 843 IRC HL
gidE>rs aza 3IFi BJNZ 371 ¥214820%
Breaz? 31t FET

Slda3n 285 FUSH wWF
gid@BZl 878 Z3Z LD M, 252
Hidn33 315 ied 914 CRLL Bidios
Hid4wzae ISl FOR  AF
gide37 3Ll RET

Gidatan 3535 FUSH AF
Hldagl a7 48 L0 H: 248
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(k]

DA RORU BDRT IS E ol £
DUl N RO |

Lo RO B W

— -

D e o e o e il rll s SN oy sospy vt
¥ DU SR T DU CHE P DU U DR OB Y CUN P DA DO 8

L % T R L O A e B b I B B )
D s IR I R U K W X R,

#id iad
Eig ied
#ld4 188
old 17y
SBigLic
Hi41 13
Hldila

,...
3
b=
Tl
|

131

e

T 30 5 OO
ass
b de g o B I
Cuf
s,

"

e
2!

L3v

VT T

=

S
LA
'

IO N
P I ool = R PR, B SR |

i e fea fuh feb fes fon fes e s pem s

¥ I EAN SRR SR SRR U ORI R IS SR DR N
’-l.
LA

C e e s s
=g O 5 @ T G0 ER L 0L

D Ul )

-
el

T T

e
R R O

(R
Laall sl pad
e
Il

Ky 1

214171
Bid L7z

315 lea @lg
Jal

3ii

383

@ve 254

313 led 6l4
3al

311

383

B7a 259

315 lee oi4
3ol

31t

383

are 241

313 leo ol4
36l

311

37e 215

g4g gz

327

3it

3¢

3kl

313 388 014
313 227 el4
315 ze7 6l4
138

3453

dza @ad

213 173

#59 gzl

823

H93

831

313 838 @al4
315 256 o144
313 838 Bl4
341

311

dig

il

ok

cla

diaid

dele

pEpE

g

R

283

d47a 373

315 lee ats
3al

31l

385

déa 373

315 ilaow

CALL
FOF
RET
FUSH
LD
CALL
POF
RET
FUSH
LD
CALL
FOP
RET
FLISH
LD
CALL
FOF
RET
CF
JR
RST
RET
RST
RET
CALL
CALL
CALL
LD

- FUSH

LD
BIT
JR
DELC
INC
Al
oHLL
Cakb
Chtl
FapP
RET
RGP
HOP
NOP
RGP
HOP
NP
RGP
ROP
ROP
FUSH
Ly
CRLL
FopP
RET
FuUsSH
LD

dildlow
HF

nF

A, 254
aldiow
AF

AF
R, 250
@l4iee
AF

R

R, 251
di4lee
AF

2L5
N, aa2
ls

48

gi4308
ar4227
alazay
E.CHLD
HL

0. een
v+E
Z,88t
]

HL
HL . De
G1l493
Gir425a
014939
HL

RF
H:373
Gi41aa

AF

HF
R:375

@le ChALL Gldioe
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Hid 176
E3ES N
AL 2oy
Gid=a3
gl4za8
gid=av
Bid4z1e
B4zl
Hid=1g
L4213
Hl4214
Biszl

Hi4Zln
#4217
BidZza
BLa =23
Aid=23

Blaz2zry 3

B14232
B14235
g14245
BLdzd1
aLdz 4z
@14243
Bi42dd
B14245
Bt4245

Gt4Z47

Bi4=58

ICEL
814252
§14253
514255
#4257

Big3es
@i4383

L4387

173 ]
[
[

f
b
&

(o]
=
Pl

Tl

= Ty G S G 2D
[a¥]

D o R I

T s O '8 I RIS R % T T I SR o Y S S S o T ) Y O AR RS
Y O I I A s

e 0 el God S e R P Lod 0 GG 30 O ) D) ) s G e e G
S B B B R R IS D B Sl W T S I S I L e
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1.0 INTRODUCTION

This PILOT facility is designed to support authers in
the creation of PILOT lessons. It includes the capabilities
necessary to prepare a PILOT 1lesson, save that lesson on a
digital cassette tape, perform a trial execution of that
lesson, modify the lesson if required, and finally prepare a
cassette tape of the 1lesson for student use. The PILOT
language is extremely simple to use, and authors with no
prior computer experience typically find they can prepare

lessons with little difficulty.



2.0 AUTHOR SYSTEM

Before continuing, the term AUTHOR SYSTEM must be
defined. This term simply means the collection of hardware,
software and procedures that an auther will need to perform
the function of authoring PILOT lessons. The principle
elements of this system are covered in the feollowing

paragraphs.

2.1 Hardware Operations

The hardware for this PILOT system consists of a
Digital Group Inc. Z=80 Microprocesscor computer system.
Input/output devices regquired are an output display, a
keyboard, and a digital cassette mass storage system with
one or more drives. The PILOT AUTHOR SYSTEM is also
designed to support a Digital Group matrix printer but this
device is not absclutely required for operation.

The author needs to know very 1little about the
operation of this system. His main concern is setting up
the proper tape for the author function and turning the
system on. An additional cperation that will be required is
the disabling of the computer’s read-only-memory. This will
be discussed in detail in proper sequence of coperation.

The autheor should be familiar with four hardware items.
The first of these is the ON/OFF switch. This is the red
button located on the front panel of the computer in the

lower right hand corner. Push it in to turn the computer
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on. The button will 1light up when it is pushed. If it
stays lit, the computer is on. Push it again to turn the
computer ocff. See the special note belew about turning the
computer off.

The next hardware item of concern is the cassette tape
drive. This device operates under computer control;
therefore, there are no controls for STOP, PLAY, REWIND and
FAST=-FORWARD that are on most cassette players. With the
exception of the lack of contrels, it is very similar to
familiar cassette tape recorders and should pose no
problems. The tape is 1lcoaded by placing the rear of the
cassette in first and pushing down firmly on the front of
the cassette. There is a small black lever on the right,
front edge of the cassette drive that will pop the tape out
for removal. CAUTION: One of the few problems that can gccur
in correctly operating hardware is a tape tangle. With few
exceptions, this is caused by turning off the computer power
while the tape is reading forward. Prior to turning off the
computer, check to be sure the tape is not moving.

The other hardware items of concern are the location of
the Read Only Memory (ROM) disable switch and the printer
ON/OFF switch. Request the computer support personnel to
show you the location of these switches as they vary from
system to system. The use of these switches will be covered

later.



2.2 PHIMON Operations

PHIMON stands for Phi Deck Monitor. Phi Deck is the
manufacturer’s name for the computer control digital
cassette tape drive. PHIMON serves as the operating system
for the Digital Group hardware. In simple terms, it is the
software that operates the hardware. An author will give
PHIMON a command and PHIMON will manipulate the hardware to
execute that command.

For example, if an author wishes to know what are the
lessons stored in a particular tape, he inserts the tape in
the cassette and gives PHIMON the c¢command "DIRECTORY."
PHIMON will then rewind the tape to the beginning and then
read the tape. Once PHIMON has read in the names of the
lessons on the tape, it will stop the tape and display the
names of the lessons. As PHIMON is working, it places
abbreviated messages on the display. These are
notifications as to what it is doing at a particular moment.
RD OVLY means that it is reading in some of its own software

and - overlaying this new scftware in memory on top of

software it does not need right now. RD DIR means it is

reading a directory. These messages can be ignored for now.

Later they will be a comfort as they inform the author that
the system is working properly.

The functions that PHIMON will perform for authors are
loading of files from tape into memory, starting the
execution of programs, saving of data in memory cout onto

tape as a file, and moving files from one tape to another.
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Each of these functions will be discussed in the sequence of

use. in the author’s role of creating lessons.

2.3 PILOT Interpreter Operations

The PILOT interpreter is the software element that
performs the actions the author has placed in the lesson
instructions. If the authors have placed an instruction in
the EILOT lesson to have the computer display textual
material to the student, the PILOT interpreter reads the
lesson finding the author”s command, then displays the text
as requested. The author can have the computer display
text, ask the student a guestion and analyze the student’s
answer by matching on keywords or phrases. If the author
desires, he can have the computer lcad a new lesson from the
tape.

A key point of this relationship is that the author
must insure that the computer has instructions in the form
of a PILOT lesson. If the PILOT interpreter is started
without a lesson loaded, the computer will run without
control and will have to be stopped. It is very simple to
insure this does not happen and techniques for dealing with
this situation will be presented in later sections of this

manual.



2.4 PILOT Editor Operations

"The PILOT editor is the software compcnent that authors
use to create PILOT lessons. The general sequence used is
to run the editor, select the mode of operation (Display
Only or Display and Hardcopy), instruct the editor where to
place the lesson in memory, enter the lesson and finally
save the lesson on tape.

While entering the lesson, the author has the
capability to make changes in a variety of ways. Appendix
G.A, PILOT Editer Commands, of this users manual gives a
detailed discussion of all editer commands and file

operations.



3.0 PILOT LANGUAGE

3.1 Statement Types
The principle feature of PILOT 1; its simplicity. The
instruction format is one or more letters followed by a

colon to define the statement type.

Example:
T: HELLO! Welcome to PILOT.

This sequence instructs PILOT to display Text. The
instructions T: for display Text, A: for accept Answer and
M: for Match answer are used most often. These can be put
together for a simple program.

T: HAVE YOU USED PILOT BEFORE?

Az

M: YES, YEA, YEP, SURE, RIGHT

TY: THEN YOU DON’T HAVE TO GO THRU
THIS INTRODUCTION

TN: THEN YQU WILL NEED THIS INTRODUCTION

The letters Y and N are called conditicners. They are added
to a code to make it conditional on the previous match. The
following is an example of how the above program will
execute (the ocutput from the computer in all examples will
be in upper case; lower case will be used to indicate user
input through the keyboard).

HAVE YOU USED PILOT BEFORE?

yes i have
THEN YOU DON°T HAVE TO GO THRU
THIS INTRODUCTION

If the user input had not matched any ¢of the words after M:,
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then the computer would display:

THEN YOU WILL NEED THIS INTRODUCTION.

There are five more statements types commonly used in
PILOT lessons. J: stands for jump. It means jump to a new
place in the program. U: stands for use. It means to use a
segment of the lesson as a subrcocutine. E: stands for =rd.

It marks the end o©of a subroutine or the end of the entire

lesson. C: means compute. Only assignment, addition and
subtraction are used. Legal values for variables are
integers in the range from +9%9 to =-99. Variables are

specified by single letters A through 2. R: means remark.
This statement allows authors to put remarks into the
lessons for documentation.

The conditioners of ¥ and N <can be used by themselves
as an abbreviated form of TN: or TY:. Numeric variables can
also be used as conditioners if placed in parentheses after
the instruction but before the colon. If this conditioner’s
value is greater than zero, the statement will be execution.
If both Y:, N: and numeric variables are used for
conditioners, the numeric variable will override the Y: N:
conditioner. The M: statement can be modified by adding a C
after it and before the c¢olon. This modification permits
the search of text with commas. Details of matching
operations will be discussed in later paragraphs.

Continuation of T:, Y:, or N: statements can be made by
starting the continued line by a colon.

J: and U: statements must be wused in conjunction with
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labels. Labels are formed in PILOT by placing an asterisk
before 1 to 10 characters. Labels maybe duplicated. PILOT
will find the first of the duplicated labels if they are
referenced.

PILOT supports numeric and string variables. Numeric
variables begin with the pound sign (#) followed by of a
single letter. If a numeric variable 1is used as a
conditioner or in C: statement, the $# character is not used
(i.e., C: A=A+1l). Numeric variables may range from +99 to
=99 integer values. They may be used in A: statements to
allow the student to enter a numeric answer. Numeric
variables can also be used in T: statement. In this latter
case, the current value of the variable is printed. Numeric
variable values may be altered by A: statements or C:
statements assigning a new value. They are all set to zero
at the start up of PILOT.

String variables can be used in A: statements or T:
statements. The name of a string variable must begin with a
dollar sign (§) and can have one to ten characters. Blanks

are not allowed in string variable names.

For example:

{Student Taking

{Lessaon) Lesson)
T: WHAT S YOUR NAME? WHAT S YOUR NAME
A: SNAME larry
T: HELLO, $NAME. HELLO, LARRY.

If there is no wvalue assigned to the string variable, the
name of the string variable is displayed.
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There are four more commands that are in this version
of PILOT. The first of these is "NEW$:". This command
erases the values in all string variables. The next command
is “"INMAX:". INMAX: specifies the maximun number of

characters that the A: statement will accept.

For example:
(Lesson)

T: ENTER A TWO DIGIT NUMBER

INMAX: 2

A:
In the above example, the student cannot enter more than two
digits. When PILOT starts, INMAX: is automatically set to a
value of 72.

The next command is the LOAD: command. This command is
used to load a new lesson into the PILOT interpreter and
start execution of the new lesson. The lcad command has two
formats. To load a new lesson from the system tape cassette
(tape drive zero), the format is:

LOAD: (blank) (lesson name)
For example, to lcad the lesson "INTRO" from drive zero:
LOAD: INTRO
Note that there must be a blank between the ceolen and the
lesson name.

If the 1lesson to be loaded 4is on a nonsystem drive
(drive 1, 2 or 3), the format is as follows:

LOAD: (#) (drive number) (blank) (lesscn name)

For example, to load the lesson TEXT1l from drive one:
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LOAD:#1 TEXT1
Note that there must be a blank between the drive number and
the lesson name.

Error conditions are reported to the students with
brief messages. If the student makes a non-numeric response
to an A: statement with a numeriec wvariable, the PILOT
interpreter will display "NUMERIC ENTRY REQUIRED." If an
attempt is made to place a value in a string variable that
already has a value assigned, the error message "NO ROOM"
will result. An error message "NO ROOM" is typically the
result of an error in 1lesson 1logic rather than student
error.

If a nonexistent label is referenced, the error message
* LABEL NOT FOUND" will result. This happens when using the
U: (USE) or J: (JUMP) statements. If a numeric expression
will result in a value greater than +99 or less than =9%9,
the expression will be displayed and the error message
'*IJLEGAL EXPRESSION" followed by either “*VALUE > 99" or
"*JALUE < =99".

The loading of a new lesson can cause the error message
"OVERFLOW" if there is insufficient room for the new lesson.
Since lesscons and string variables share the same memory,
sometimes the size of lesson space can be increased by using
the NEWS$S: statement to <clear all string variables before
loading the new lesson.

The last command to be needed in PILOT is the "BYE:"

statement. When the interpreter encounters the "BYE:"“
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statement, <control of the computer is turned over teo the
PHIMON coperating system.

The matching coperation in PILOT 4is simple. The
PILOT interpreter scans the last student input of an A:
statement for a match with any of the patterns in the M:
statement. If any items match, the ¥N condition is set to
Y. Patterns in the M: statement are separated by commas.
Single blanks can be part of the pattern. A comma can be
used after the last pattern to indicate trailing blanks. 1If
there is no comma after the 1last pattern, the pattern ends
with the last nonblank character.

The MC: statement is used to perform matching on
student inputs containing commas. It requires that the
caret () be wused in place o©of the comma as the pattern
separator.

Student inputs are scanned prior to the matching
operation to reduce multiple blanks to one blank and to add
a blank to beginning and end of the response. Multiple
blanks are also reduced to one blank in all patterns before

matching.

EXAMPLES

M:X,Y, A
Matches ZEROX, 200, or BOY
(z) (X} (2) (Y)

M: X, Y, 2
Matches ZEROX or Z00
(2) (z)
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Does not match BOY

M: X , ¥, Z ,
Matches only X or Y or 2

3.2 Sample Programs

The purpose of this section is to present short program
segments of PILOT lessons to illustrate the PILOT language.
Thgse samples do not necessarily represent efficient coding,
rather they are to present each o¢f the PILOT language
statement types. The T: (Text), A: (Answer) and M: (Match)

statements are the basic building blocks of PILOT.

AN INTRODUCTION
TO PILOT?

(Lesson) (Student Execution)

T: HELLO. WHATS YOUR NAME? HELLO. WHATS YOUR NAME?
A: SNAME larry
T: WELCOME TO PILOT SNAME WELCOME TO PILOT LARRY

: HAVE YOU USED PILOT BEFORE HAVE YOU USED PILOT BEFORE?
A: vyes i have
M: YES, YEP, YEA,
TY: GOOD, LETS GET ON GOOD, LETS GET ON

: WITH YOUR LESSON WITH YOUR LESSON
TN: WOULD YOU LIKE

The use of T: A: and M: statements in this sample
program is facilitated by the string varible "$SNAME". The
colons after the T: statements are continuation lines of the

preceding statement.
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The next samples will illustrate the U: (use as

subroutine) and J: (Jump) statements.

SAMPLE-"--------------_---_-----"'------- —————————— - - ——— - - -

|

WELCOME TO PILOT

WOULD YOU LIKE TO REVIEW
HOW TO USE PILOT?

*YES

OK. LETS START OUR REVIEW
FROM THE BEGINNING.
*REVIEW

OK. I GUESS YOU ARE

AN OLD TIMER AT THIS
*MAIN_LESSON

YES

» e S g4

- A L =

YES, YEP, YEA, OK, SURE, GUESS, RIGHT

M2y G

e ar aa

S S D N W PR S e G S D DD T G G A G D G G G A D N A SN SN N S S N S

The subroutine *YES can be used to analyze the answer
to any gquestion that has an affirmative response. "Sure why
not," "I guess so" and “all right" would be recognized by
this subroutine. E: marks the end of the subroutine. Once
the answer is analyzed, the J: statement jumps to either
*REVIEW (not in this sample) or *MAIN_LESSON (not in this
sample) .

The C: (compute) statement allows Kkeeping score on
answers, number of times through a loop, branching and many
other operations. The following sample illustrates each of

these operations.

R: “"W" IS THE NUMBER OF WRONG ANSWERS.
C: W=W+1
T: THIS IS THE W TIME
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YOU HAVE HAD AN OPPORTUNITY
,TO ANSWER THIS QUESTION NAMES.

R: "L" IS THE LIMIT WRONG ANSWERS

C: Z=L-W

R: IF 2 > 0 THEN JUMP TO * AGAIN
J(2) * AGAIN

T: I AM SORRY NAMES$, BUT

NO MORE TIME ON THAT
QUESTION. LETS GO ON
TO SOMETHING DIFFERENT.

2% a8 8% 24 P 9% % &8 W am

- S S S G D D S D A S A S D e N G e G S W A S S .

The R: (remarks) statement is used to comment on the
function of the numeric variables in this example and
explain how the numeric variable works as a conditicner.

The LOAD command is used to load and begin execution of
a new PILOT lesson. The important thing to remember is that
the new 1lesson must be on the proper tape drive or the
system will not be able to find the lesson and errors will

result.

T: ENTER DESIRED LESSON NAME
* START
A:
M: PASCAL
JY: *PASCAL
: PILOT
JY: *PILOT
M: COBOL
JY: *COBOL
: SPARKS
JY: *SPARKS
M: BASIC
JY: *BASIC
T: INCORRECT LESSON NAME.
: I CAN TEACH:
s PASCAL
¥ PILOT
i COBOL
SPARKS
BASIC
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: PLEASE SELECT AGAIN
C: T=T+1
C: L=2
C: Z=L-T
J(L) * WRONG_LESSON

R: T=TIMES THRU MENUE
R: IF SECOND TIME, MUST BE IN
R: WRONG LESSON
J: ¥*START

* PASCAL
U: *WAIT_MSG

LOAD:#1 PASCAL

* COBOL
U: *WAIT_ MSG

LOAD:#1 COBOL

* PILOT
U: *WAIT_MSG

LOAD: PILOT

* SPARKS

U: *WAIT _MSG

LOAD#1 SPARKS

* BASIC
U: *WAIT_MSG

LOAD:#1 BASIC

* WAIT_MSG
T: PLEASE WAIT ONE MINUTE
: WHILE I LOAD YOUR
: LESSON.
E:z
The load command cannot be made conditional by placing
a conditioner with it. The above sample illustrates a PILOT
lesson on the system tape (TAPE ZERO) and all other lessons

on tape 1. ©Note that R: statements cannot be continued with

colons.
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4.0 SAMPLE AUTHOR SESSION

This section will present a complete author sessicon on
the computer. The functions covered will begin with turning
on the hardware through final preparation of a tape for
student use.

Start by placing a tape in drive zerc and pressing the
red ON/OFF button (lower right corner). The system should
respond as follows:

l. Red light of ON/OFF switch 1lights and stays

lighted.

2. Tape Drive Zerc rewinds at high speed to the
beginning, head engages and tape moves forward
slowly.

3. After a few seconds the display should output
message:

“RD OVLY"
4. Display should output message:
"RD DIR"
and tape in Drive Zero should rewind to
beginning, then start forward again.

5. Tape should stop with head disengaged. Display
should output directory of all files on the
system tape.

If step two does not work correctly, press the ON/OFF

switch again insuring that it goes all the way in before it
is released. If the red light still does not ¢come on, call

for help.
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If step one does not work correctly, check to insure
the "ROM Disable Switch®” is in the off position. If it was
in the on position, turn the power off by pushing in red
ON/OFF button, place the ROM Disable Switch in the off
position and start over from the beginning.

If the files directory comes on the display properly,
check the list of file names to insure "PEDIT" and "“PILOT"

files are on the tape. If they are not, call for help.

4.1 Create Lesson
Place the "ROM Disable Switch® in the on position.
Give the command:
"RUN PEDIT"
This will bring into execution +the PILOT EDITOR. Once the
program PEDIT has been loaded into memory and is running,

the following message will be displayed:

-G S TN WA TS A SR W S S A N S e D -

Z=80 PILOT
EDITOR

l. EDIT PILOT LESSON = DISPLAY
2. EDIT PILOT LESSON = HARD COPY
3. RETURN TO PHIMON
MAKE SELECTION PLEASE
Selection of choice one (by entering the number 1) will
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start the edit process with the keybocard as input and the
display as output. Selection of choice two will place the
ocoutput on the printer and on the display. If choice two is
desired, insure the printer is turned on before selecting
choice two or the system will not respond. If this does
happen, press the reset button (blue button next to the red
ON/OFF switch). This will return the system to PHIMON and
the PEDIT program can be restarted by entering the command
"START."

Assuming choice one is selected, the display will

output

EDIT
D=
Enter the command "NEWF" to indicate the desire to start a

new edit file. The system will cutput on the display:

o S . A e S e S G S S T e A e S S T DA G AN W D G S S

ADDR L=

- TS D D G A D TS I WD S W AN M TN T GED A D SN G S S M D D DD T A A A

This is asking for the beginning address of the edit file,
lower byte first. Enter "000". The system will respond

with:
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- - S D e S S G S S D -

ADDR L=000 H=

This is asking for the high byte of the beginning address.
As you enter information, PEDIT places the information in
memory locations above this starting point. Enter "025"
indicating that you wish the editor to start the file on
page 25. This is the beginning of lesson space in the PILOT
interpreter and should be used as the beginning of all edit
files that are not to be merged with other edit files. The

system will respond with the message:

- G G D e . W D D D W W S G T e A S S S D A .

INPUT

This indicates it is ready for 1lesson input from the
keyboard. The following 1lesson can be typed in at this
poeint in the sequence:

* START
T: WELCOME TO PILOT

: WHAT IS YQOUR NAME?
A: SNAME
T: CONGRATULATIONS ON
PILOTING PILOT
LETS HOPE NEITHER
OF US CRASH!
T: SNAME, WHEN YOU ARE
TYPING A RESPONSE
YOU CAN ERASE A
CHARACTER BY TYPING
A "DELETE" OR KILL
: A LINE BY TYPING
: CTL/U PROVIDED ¥YOU
: HAVE NOT TYPED "RETURN."

.
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WHEN YOU PRESS RETURN
I WILL GO BACK TO
PHIMON

o
<
3

For details on how to use editor, see Appendix G.A. To
get ocut of the input mode o¢f editor, enter an extra
“carriage return." Next step is to determine the leocation
of the end of the edit file. Enter the command "DEOF" which
means display end of file. The system will respond with an
address in the L= H= format used to input the edit file
beginning. Note the page number that of the end of the file
(H= ). For the purpose of this sample, assume the display
was H=27,

The next step is to enter the "escape" character. This
will cause the editor menue to be displayed. Next enter
choice three to return to PHIMON. If you create an edit
file that is toc large for the editor, you will be 3iven an
error message "MEM OVERFLOW." You must delete a part of the

file before proceeding.

4.2 Save Lesson

The next step is to create a permanent file of the
lesson. This is done by "“saving" the 1lesson on tape.
Assume that the lesson is going tco be placed on the system
tape. Enter the command:

SAVE MYLSN 25=27*5000
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SAVE tells PHIMON what operation is desired. MYLSN is the
name PHIMON is to use for the lesson. Twenty five is the
starting page of the file. The value 27 is the ending page
of the file (systems reponse to DEOF). The value 5000 is
the place in memory that the editor starts executing. The
format is:

SAVE(blank) (filename) (blank) {file start)=(file end) *5000

File names can be one to seven alphanumeric characters.

4.3 Execute Lesson

The next step is to execute the lesson with the PILOT
interpreter to insure it performs preperly. Enter the
command:

"RUN PILOT"

This will cause PHIMON to load a copy of the PILOT
interpreter from page 0 through page 24 (see Figure G-1).
PHIMON will then be executed. Enter name as regquested by
lesson. When "return® is pressed in response to the last A:
statement, the interpreter will execute the bye statement

thereby returning to PHIMON.

4.4 Build Student Tape

Place PILOT system tape in drive one. Enter the
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Figure G-l
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command

SAVE#l FIRST 0=-27%*2340
This command tells PHIMON to save the file on drive one with
the name MYLSN, using memory pages zero through 27, with a
starting address of 2340. The format is:

SAVE(#1) (blank) (filename) (blank) (0)=(end page) *2340

If the file were placed on the system tape (drive zero), the
(#1) would not be used and a single blank would be placed
between the word "SAVE" and the filename.

What has been created is a copy of the PILOT
interpreter with a set of starting instructions. Recall
that the PILOT interpreter must have starting instructions
and cannot be run without a 1lesson loaded. The lesson
provides the necessary starting instructions. For a student
to use this lesson, he would merely have to place the tape
on drive zero, press the "on" Dbutton, disable the ROM and
then give the command "RUN FIRST."

To update the edit file, that was saved upon exiting
the editor, the sequence is:

LOAD MYLSN

RUN PEDIT
When the menue appears, select two or three. When the edit
prompt appears, enter the command "EDIT." The editor will
ask for the file address, enter "000" and "025." The editor
will respond by displaying the first line of the edit file.
Changes can be made as desired. Saving procedure is the

same as for a new file. The last step prior to leaving
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editor is enter the command, "DEOF" to obtain the end page

for 'the file saving process.
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APPENDIX G.A

PILOT EDITOR COMMANDS AND FILES OPERATIONS

l. PURPOSE

Lessons are created and modified by the PILOT EDITOR.
Lessons are stored on digital cassette tape through the use
of the PHIMON operating system. The purpose of this
Appendix is to describe the commands of the editer and the
necessary cperations of PHIMON. It is not intended to be a

comprehensive document for PHIMON c¢perations.
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2. FILES OPERATIONS AT STARTUP

- If an exising file is to be edited, it must be loaded
prior to starting the PILOT editor. Assume that an existing
filename, "OLDLSHN," contained a 1lesson to be updated.
Further assume that the tape cassette containing this file
was a system tape on drive zero. The command teo load the
file would be "LOAD OLDLSN." If the tape were on drive 1,
the command would be: "LOAD#1 OLDLSN."

This is only necessary when an existing file is to be
edited. The next step is the same for either editing an
existing file or <c¢reating an original file. Enter the
command: “RUN PEDIT." Once it is locaded and executing, the

editor will display a menue

- e S S W W SRS S D A R S S S D G S N S T W D S W S

PILOT 2Z=-80
EDITOR

l. EDIT PILOT LESSON = DISPLAY
2. EDIT PILOT LESSON = HARD COPY
3. RETURN TO PHIMON

MAKE SELECTION PLEASE
Selecting chocice one sets editor to cutput to the display
only. Selecting choice twec sets editor to output to the
hard copy device and the display. If choice two is made,
insure the printer is turned on first. 1If the printer is
not turned on, the system will hang when choice two isg
selected. If this occurs, press the reset button (blue

GIA-2



button next to the red ON/OFF switch) and enter the command

"START" to reenter the editor menue.
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3. INITILIZING COMMANDS

‘ Once a selection is made, the display cutputs a prompt:

EDIT

>
If an original file is to be created, enter the command
"NEWF." If an existing file is to be edited, enter the
command "EDIT." This step must be done each time the editor
is entered from the editor menue. In either case, the

editor will respond with the prompt:

S A W WD DD S T WD DS D T e g G I S D R G G D DA A ) D D D DD R -

ADDR L=
It is requesting the starting address for the edit file, low
byte then high byte. Unless you are creating a file that is
to be merged with another file (very rare c¢peration}.,
respond with "000" and “025". This is the lesson start
location for PILOT and will be used almost always. If the
command "NEWF" was entered, the editor will respond with
"INPUT" and be ready for 1lesson entry. If the command
"EDIT" was entered, the editor will respond by displaying
the first line or first page as specified by the cutput mode

(see mode command below).
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4. EDIT COMMANDS

These commands are used to display and edit the edit
file (bleock quoted materials below are from reference 5).
All edit commands work with respect to the current line. In
a majority of instances, the current line is the last line
displayed. The scoftware maintains a pointer to the <current
line at all times. The term "string," as used in this
discussion, means any sequence or valid ASCII characters,

less functions {(such as carriage return).

COMMANDS FUNCTIONS
A string Add the string to the end of the

current line and display the result.

BOTM Place the current 1line peointer to the
end of file.

C ¥stringlistring2 Find the first occurrence of stringl in
the current 1line and change it ¢to
string2. The two string lengths need
not be equal and the second string can
be null (i.e., a C/R fellowing the
second delimiter). The delimiters (%)
may be any printing ASCII character.

D (M) Delete the current 1line (or M lines
beginning with the c¢urrent 1line) from
the file. The file is moved in memeory
so that no empty space exists in the
file. M is input as a decimal number =
maximum value = 255. Value in
parentheses is optional. If wused, do
not use parentheses.

F string Find and display the first line in the
file which begins with the string. The
search begins with the 1line following
the current line and continues until a
match is found or the EOF is reached.
The found 1line becomes the current
line.
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I string

INSM M

LIST

L string

N (M)

P (M)

Insert the string as a new line
following the current 1line. If no
string is included or if only a C/R is
input as a command, the editor enters
the continucus input mode. In this
mode, multiple lines may be entered in
the file by typing in each 1line
followed by a C/R. Exit from the
continuous input mode is accomplished
by inputting a null 1line (C/R only).
When the c¢ontinucus mode is entered,
the message INPUT will be displayed.
Upon exiting this mode, the message
EDIT will be displayed. No prompt is
issued between multiple input lines
which indicates that the editor is in
the input mode.

Insert M 1lines from memery feollowing
the current line (M = 1 to 255). The
file is moved in memory to accommodate
the new lines. The location (starting
address) of the new 1lines will be
requested and must be input from the
keyboard. This command is designed fer
merging together of the two files but
may alsc be used to move lines within
the same file if the destination is at
a higher memory address than the
source. If this is not the case, only
one line at a time may be moved
correctly within the file.

List the entire file on the ocutput
device.

Locate and display the first line in
the file which <contains the string
anywhere within the line. The search
begins with the 1line following the
current 1line and continues until a
match is found or the EOF is reached.
The located 1line becomes the current
line.

Move the current 1line pointer to the
next line in the file (or move M lines)
and display the new current line. M
may be positive or negative (max. range
= + 255). The value in parentheses is
optional. If used, do not include
parentheses.

Print the current 1line (cor M lines).
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PAGE

R string

The last line printed becomes the new
current line. The wvalue in parentheses
is opticnal.

List one page (15 lines) beginning with
the current line. The current line is
unchanged.

Replace the current line with the input
string and display the result.

Set the current line pointer to the top

of the file and display the first 1line
or page of the file.
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5. UTILITY COMMANDS

" The utility commands allow displaying of the various
pointers used by the program and specifying parameters to
the program. All addresses output by these commands are
displayed in split octal, 1low order address first followed
by the high order address. The utility commands interface

with the display and do not ocutput to the hardcopy device.

COMMANDS FUNCTIONS
DISP Displays current 1line pointer. This

command is useful for the INSM command
to determine the starting address of
the lines to be inserted.

DEOF Display end of file address.

DISM Display current setting of maximum
memory size.

SETM Set maximum memeory address. This
command requests an address input.

MODE L,P Sets the output to the line (L) or page
(P) mode. 1In the 1line mode, only the
current line is displayed following a
command. In the page mode, 15 lines
are displayed. The first line
displayed is the current line.

RUBO X Sets the rubout <character to X. X
(initilalized to }) may be any printing
ASCII character. The rubout character
erases the previous input character in
a command line. Multiple rubouts may
be used to erase (back up) multiple
characters.

KILL X Sets the kill charcter to X. X
(initialized to {) may be any printing
ASCII character. The kill character
deletes the entire input line. If the
kill and rubout are set to the same
character, the kill function will take
precedence.
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ESCAPE Exit to PEDIT menue.

Q . Quit. Exit to PEDIT menue.
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6. ERROR MESSAGES

- The program will output the error message "WHAT?" in
response to unrecognizable or improperly formatted commands.
In addition to this general error message, several other
error messages may be displayed.

On all commands which require an address input, the
address is tested against the minimum useable file address.
If the input address is 1less than the minimum, the error
message "MIN ADDR (LH) = XXX YYY" will be displayed. This
prevents overwriting of the editor program by the file being
edited. The minimum octal address is L = 000; H = 025.

If a command is entered which increases the size of the
file, the new end of file location is tested against the set
maximum memory value. If the maximum would be exceeded by
the command, the message "MEM OVERFLOW" is displayed and
execution of the command is inhibited.

During execution of the INSM command, the data to be
inserted is verified to be valid ASCII data. (Note: ASCII
data, as defined in this program, is the 64 character  upper
case subset.) If a non-ASCII character other than a control
character recognized by the program is encountered, the
message "BAD DATA XXX YYY" is displayed where XXX ¥YYY is the
address of the invalid data. Execution of the INSM command
is terminated if this error is displayed.

If a command such as Print M causes the end of file to
become the current line, message "BOTTOM" will be displayed.

This message will also be displayed if a Find of Locate
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command fails to match the input string indicating that the

string is not present in the portion of the file searched.
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7. TERMINAL FILE OPERATIONS

" The user must determine the last page of the editor
file before 1leaving the editor. Enter the command DEOF
(display end of file). The editor will respond with an
address L byte and H byte. Note the H byte. Press the
"escape" key to exit the editor operating mode. This will
place the editor in the Editor menue. Enter three to return
to PHIMON.

The next operation is to save the edit file on tape
with the PHIMON file command SAVE. PHIMON file names can be
one to seven alphanumeric characters. Assume the file name
"MYLSN" is desired and the DEOF command high address element
was 56. The save command should be entered as follows:

"SAVE MYLSN 25-56*5000."
The format is:
SAVE(blank) (filename) (blank) 25={end page) *5000C.

The number 25 is the starting page of the edit file and the
"*5000" indicates the starting address of PEDIT. The
principle variable items are the filename and ending page.
If the tape to receive the file 4is on drive one, the terms
"$1" is added directly behind the word save as follows:

SAVE$#l(blank) (filename) ...

This completes the editor instructions. The user is
cautioned to initialize the edit file each time entry is
made from the edit menue. If this caution is not observed,

the entire edit file can be lost.
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l. PURPOSE

’ The purpose of this manual is to provide instruction on
how to use the PILOT student system. Using PILOT as a
student requires no knowledge of computers. This manual
will provide all the information needed. The first step in
taking a lesson is to obtain the lesson tape from an
instructor. This tape 1is a cassette recording tape and

contains all the necessary information for the computer.



2. STARTING THE COMPUTER

The computer has two switches that will be used. The
first of these is the ON/OFF switch. It is a large red push
button located at the lower right corner of the computer
cabinet. This switch is on when the switch is lighted. The
other switch is called a "ROM Disable Switch."” The location
of this switch varies between computers so ask one of the
computer support personnel to point out its location. Make
sure the on and off position of this switch is understood.

To use the system, place the tape in the tape drive
number provided on the tape cassette with the lesson name on
the top side. Place the ROM Disable Switch in the off
position. Press the on button. The button should light and
stay lighted. The tape should begin to move. After a few
moments, the computer display will contain the message "RD
OVLY" and then "RD DIR." Soon after these messages appear,
the display will contain a list of one or more file names.
Check to insure the 1lesson you wish to take is among the
lesson names on the display-

If the system does not work as described above, the
reason is probable incorrect position of the "ROM Disable
Switch." In this case, turn the power off (by pressing the
red ON/OFF switch again). Then move the ROM Disable Switch
to the opposite position and start over by pressing the red
ON/OFF switch. If the system still does not operate as
described above, ask for help from the computer support

personnel.



3. TAKING LESSONS

" The process of taking lessons 1is one of the computer
displaying information then the student typing in the the
answers to gquestions. When you are typing into the
computer, your answer is ended by pressing the key marked
"RETURN." If you wish to change an answer, you can do so
until the "RETURN" is pressed. To delete a character, press
the "DELETE" key. Each time the "DELETE" key is pressed,
one character will be deleted. To delete a whole line,
press the “CNTL" and "U" key at the same time. The
character or line that has been deleted will not be erased
from the screen but will be ignored by the computer.

At some points in the lesson, the computer may have to
get more information from the tape. If this occurs, the
screen will remain unchanged while the computer moves the
tapes. This operation will take a minute or two, so do not
be concerned over nc change in the display. At the very end
of a lesson, the display will clear and the message
"<PHIMON>" will appear on the screen. This means that
session is over. If you wish to start a new lesson, just

enter "RUN," a "blank," and the lesson name ycu desire.



4. ERROR MESSAGES

* When the computer expects you to enter a numerical
answer and you enter an answer containing non=numeric
characters, it will give you the message:

“NUMERIC ENTRY REQUIRED."
You will be given another chance toc enter a number.

Almost any other message that comes out of the system
is a message that 1is the result of an error in the manner
the lesson was prepared by the instructor. It would help
the instructors greatly if, when an error does cccur, you
would copy down the two lines on the display above the error
message and the error message itself. The following is a

complete list of error messages:

ERROR MESSAGE ACTION FOR STUDENT
*NUMERIC ENTRY REQUIRED REENTER ANSWER

*NO ROOM NOTE AND CONTINUE
*LABEL NOT FOUND NOTE AND ASK FOR HELP
*USE DEPTH EXCEEDED NOTE AND ASK FOR HELP
*ILLEGAL EXPRESSION NOTE AND ASK FOR HELP
*VALUE > 99 NOTE AND CONTINE
*VALUE < =99 NOTE AND CONTINUE
*PILOT LESSON DESIRED NOTE AND ASK FOR HELP

NOT ON THIS TAPE.
ASK FOR HELP



5. STOPPING THE COMPUTER

- At the end of the 1lesson, the student may stop the
computer by turning off the power. CAUTION: Before turning
off the power, make sure none of the tapes are moving. To
turn off the power, press the red ON/OFF button. You may
remove the tape you place in the system by pressing the

black tape at the right, front of the cassette drive.
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PILOT has the distinction of being one of the simplest
Computer Assisted Instruction (CAI) languages. Its
simplicity is a major strength. Users rapidly become
effective at c¢creating PILOT programs. Students execute
these programs with little difficulty. The simplicity of
the language makes it possible to implement an effective
PILOT system on a small, microprocessor computer system.

This report describes the implementation of a PILOT
system on a Zilog 2Z-80 microprocessor system. The system
makes maximum use of existing software modules. The PILOT
system provides support to authors who create PILOT
programs. These programs are referred to as CAI lessons.
It provides support to students who will take these CAI
lessons.

The principle modules of the system are a PILOT 1lesson
editor for c¢reation and changing lessons and a PILOT
interpreter for executing the PILOT lesson.

This repeort outlines the creation of the software
modules used as sources in this project and the
modifications required to integrate these modules into a
system. Users manuals for authors and students are
provided. Lessons written in the PILOT programming language
are also included to permit users to become familiar with

the system by taking PILOT lessons.



