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AN MCS6502-BASED
MICROCOMPUTER—THE KIM-1

INTRODUCTION

This chapter is written for persons who need to become acquainted
with the KIM-1™ microcomputer. This chapter uses the programmed
instruction approach. Beginning with a discussion of the actual power
supply connections, the chapter then proceeds to discuss the function
of each key on the KIM-1 keyboard. The function of each key is high-
lighted by tables showing keys pressed and the corresponding display.
After the keyboard entry of a simple problem is discussed, the use of
the Teletype™ model ASR33 as an input/output terminal is presented.
The use of the Teletype is discussed in detail with reproductions of
actual printed outputs and punched paper tapes being provided. Next
the use of an audio cassette tape recorder is presented. Examples
iflustrate the detailed step by step procedure for recording onto mag-
netic tape from the microcomputer, and vice versa. Simple programming
examples are used in all cases so that the reader can focus his attention
on the operation of a microcomputer at machine or assembly language
levels.

This chapter provides detailed information on the interaction be-
tween a user and a microcomputer when assembly level (or machine)
language is used. After studying this chapter the reader will be in a
position to decide whether this detailed level of interaction is acceptable,

® KIM-1 is a registered trademark of the MOS Technology Corporation
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or whether he should consider the use of a microcomputer equipped
with a higher level language. A higher level language, such as BASIC,
makes the computer much more transparent to the user. (The reader
should be forewarned, however, that there are literally hundreds of
different versions of BASIC, so purchase of a microcomputer with a
resident BASIC does not solve all of the user’s problems.)

8.1 WHAT IS A KIM-1?

A KIM-! (Keyboard Input Monitor) is a microcomputer built
around the 6502 microprocessor presently manufactured by MOS
Technology and Rockwell. The KIM-1 presently (1977 - 1978) sells
for a little over $200 and is a complete microcomputer which includes
the following:

The microprocessor

2048 ROM bytes

1024 + 128 RAM bytes

30 input/output pins

2 timers

Interface for audio cassette

Interface for a Teletype

23 key keyboard

Display consisting of 6 seven bar characters

*¥ ¥ X K ¥ K K K ¥

The KIM-1 is an example of the so-called single-board micro-
computers, because, except for the power supplies, it is fabricated on a
single printed circuit board measuring approximately 20 by 28 cm,
(8% by 11 inches). Figure 8.1-1 is a photograph of the KIM-1 and the
single 5 volt power supply which is required when using only the key-
board, a Teletype, or other compatible terminal. An additional 12 volt
power supply is required if an audio cassette tape recorder is added.
The KIM-1 circuit board is shown in Figure 8.1-2.

The KIM-1 is typical of the many microprocessor based micro-
computers which are presently being sold. It is the authors’ opinion
that this chapter will be of more use to the reader if one microcomputer
is presented in depth as opposed to discussing several microcomputers
in more general terms. Somewhat like learning to drive an automobile,
or to ride a bicycle, the carryover from the use of one microcomputer
to another is large so the adjustment period in learning to use a different
microcomputer is surprisingly short.
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(b) The KIM-1 microcomputer connected to a 5 volt power supply
(Note Teletype mode switch.)
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8.2 THE KIM—1 SYSTEM: (A Micro versus a Mini)

A microcomputer system, such as the KIM-1, differs from a
minicomputer system in much more than just cost. With a minicom-
puter, such as the Digital Equipment Corporation PDP-11, the docu-
mentation provided by the manufacturer is extensive, diversified, and
quite specialized. It is not unusual to find all of the following documents:

1. An Installer’s Manual - provides unpacking information and
power supply connections for the electrician.

2. An Operator’s Manual - provides front panel information for the
operator.

3. A Software Manual - provides information for the programmer.

4. A Hardware Manual - provides information about the theory of
operation.

5. A Maintenance and Trouble Shooting Manual - provides the
technician with schematic diagrams and periodic maintenance
requirements, such as air filters which need to be changed or
cleaned.

In the case of a microcomputer, the documentation is frequently
very limited. (Fortunately, in the case of the KIM-1, rather extensive
documentation is provided with three manuals; a Hardware Manual, a
Software Manual, and a KIM-1 User’s Manual.) Furthermore, in the
case of the microcomputer, the installer, electrician, operator, program-
mer, and technician for maintenance and trouble shooting, are one and
the same person.

8.3 AN EXAMPLE PROGRAM (EXAMPLE 8.1)

The purpose of this example program is to serve as a vehicle for
illustrating the steps which are involved in going from the statement
of a problem to a functioning computer program on the KIM-1 micro-
computer. These steps will be the same, in principle, for any micropro-
cessor; only the details will change from one particular microprocessor
to another. These steps may be summarized as follows:

* statement of problem

conversion to assembly language program
conversion to machine language program
entry of program into computer
execution and debugging of program
modification of program

* X ¥ X *
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The following additional steps are sometimes involved:

* entry and execution from a Teletype (includes use of paper tape)
# recording and playing back from an audio cassette tape recorder

Example 8.1. Add two positive numbers located intially in two mem-
ory locations and store the sum into a third memory location.

Comments. In order to keep this example as simple as possible:

1. We are considering only positive, one byte numbers.
2. We will not check for a carry out (overflow).

8.3.1 Example 8.1 — Assembly Language Program

The assembly language program for Example 8.1 is given in Table
8.3-1. The assembly language program is also frequently referred to as
the “source code” and this designation is used in Table 8.3-1. The
reader should note that the lefthand 4 columns are blank. At this time
we could also insert the object code for all of the op codes, such as
LDA, CLC, STA, etc. This has been done, and is shown in Table 8.3-2.

TABLE 8.3-1 Source Code for Example 8.1.
Note that the object code columns are blank.

OBJIECT CODE SOURCE CODE
MEMORY BYTE BYTE BYTE LABEL OP CODE OFERAND COMMENT
ADDRESS 1 2 3
NUMI1 Designate one of the two numbers to be added as NUM 1.
NUM2 Designate the second of the two numbers to be added as
NUM2.
SUM Designate the sum of the two numbers to be SUM.
.
.
.
SED Set decimal Mode.
LDA NUMI  Load the accumulator with the numerical value of NUML.
CLC Clear Carry.
ADC NUM2  Add with carry NUMI1 + NUM2.
(There is no ADD instruction.}
STA SUM Store the sum of two numbers into memory location SUM.
WAIT IMP WAIT  The 6502 microprocessor has no halt or stop command,

This is a jump to itself.
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TABLE 8.3-2 Source Code but Only Partial Object Code
for Example 8.1. The Memory Map is needed
in order to complete this table.

OBJECT CODE SOURCE CODE
MEMORY BYTE BYTE BYTE LABEL OP CODE OPERAND COMMENT
ADDRESS 1 2 3
NUM1 Designate one of the two numbers to be added as NUMI.
NUM2 Designate the second of the two numbers to be added as
NUM2.
SuM Designate the sum of the two numbers to be SUM.
-
-
.
F& SED Set Decimal Mode.
AS (1} LDA NUMI  Load the accumulator with the numerical value of
NUMI1.
18 CLC Clear carry.
65 01 ADC NUM2  Add with carry NUM1 + NUM2.
(There is no ADD instruction.)
85 02 STA SUM Store the sum of two numbers into memory location
SUM.
4C WAIT IMP WAIT  The 6502 microprocessor has no halt or stop command.

This is a jump to itself.

In order to complete Table 8.3-2, we need to decide where to
store the program and where to store (or look for) data (the two num-
bers to be added and the sum). In other words, we need to know where
RAM is located and if it is available to the user. Frequently, some bytes
of RAM are reserved for use by the Monitor program in the microcom-
puter. As we shall see later, in the case of the KIM-1, 17 bytes (QEF
to OOFF in hex) are reserved for the KIM-1 Monitor program. (The user
may still decide to use these reserved memory locations, but with the
caution that the Monitor program will store its own data in these
memory locations.

We are now ready to proceed fo the next section in order to learn
more about the KIM-1 hardware. In particular, we are anxious to study
the KIM-1 Memory Map, which will tell us how much memory we have,
what type it is, and where it is located.

84 KIM—1 MEMORY MAP AND TABLE

In order to be able to use any microcomputer (including the
KIM-1) at the assembly language (or machine code) level, the user



418 Microcomputer Systems Principles

must know the answers to the following questions:

* How much memory is there?
* What type is it; (ROM, RAM, PROM, etc.)
* Where is it in memory? (i.e., What is its address?)

The answers to these questions are provided in the memory map
and the memory table. The memory map for the KIM-1 is shown in
Figure 8.4-1. For convenience of notation, memory is divided into
pages. Each page is 256, 4 bytes long. For example, page §) encompasses
@ through $FF while page 4 encompasses $400 through $4FF. We will
use decimal page numbers throughout this material. The reader will
note that a user generated program may make use of the following areas
of memory:

* all of page @ except for PPEF to PPFF which are reserved for
the KIM-1 Monitor program
~* all of page 1 with the caution that the stack will use some of
page 1
* all of page 2 and page 3
* in page 23 - all input/output locations from 1700 to 173F
- all 64 bytes of RAM from 1780 to 17BF
- an additional 44 bytes of RAM from 17CO to 17EB

The memory table for the KIM-1 is given in Table 8.4-1. The
reader will note that some of the information is the same as that pro-
vided in the memory map of Figure 8.4-1, but additional and more
detailed address information is also provided. When using the KIM-1
the user will need to refer frequently to both of these memory informa-
tion sources. -

We will now use the information provided by the memory map
and the memory table to complete the coding for Example 8.1 so that
we may enter the program into the KIM-1 memory. This will be the
subject for the next section.

85 MACHINE CODE FOR EXAMPLE 8.1

If we now refer back to Table 8.3-2, the reader will note that in
order to complete that table, we need to decide where to store the
program and where to store the data that will be used by the program
in the RAM memory. It is usually a good programming technique to
store the numerical data in page @ because then we can use the so-called
zero page instructions which require only two, rather than three, bytes
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Application
1/0

Stack
Pointer
Initialized

4——|

17 bytes
reserved
for KIM

Memory map for the KIM-1 microcomputer
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TABLE 8.4-1 Memory Table for the KIM-1 Microcomputer
{Courtesy MOS Technology, Inc.)

ADDRESS AREA LABEL FUNCTION
O0EF T PCL Program Counter - Low Order Byte
00F0 PCH Program Counter - High Order Byte
00F1 Machine P Status Register
00F2 Register SP Stack Pointer
00F3 Storage A Accumulator
00F4 Buffer Y Y -Index Register
00F5 X X-Index Register
1700 } PAD  6530-003 A Data Register
1701 Application PADD  6530-003 A Data Direction Register
1702 I/O PBD 6530-003 B Data Register
1703 PBDD  6530-003 B Data Direction Register
1704  6530-003 Interval Timer
Interval Timer (see Table 3.7.1-1, page 144)
170F
17F5 } SAL  Starting Address - Low Order Byte
17F6 Audio Tape SAH Starting Address - High Order Byte
17F7 Load & Dump EAL Ending Address - Low Order Byte
17E8 EAH Ending Address - High Order Byte
1789 D File Identification Number
17FA NMIL  NMI Vector - Low Order Byte
17FB NMIH  NMI Vector - High Order Byte
17FC Interrupt RSTL RST Vector - Low Order Byte
17FD Vectors RSTH  RST Vector - High Order Byte
17FE IRQL IRQ Vector - Low Order Byte
17FF IRQH  IRQ Vector - High Order Byte
1800 i dit) Tave DUMPT Start Address - Audio Tape Dump
1873 P LOADT Start Address - Audio Tape Load
1C00 Start Address for NMI using KIM
STOP Key + SST ““Save Machine”” Routine (Load in
17FA & 17FB)
17R7 Paper Tape EAL  Ending Address - Low Order Byte
17F8 EAH Ending Address - High Order Byte

Dum% Q)
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of code, and hence less memory. Also, these two byte, zero page, in-
structions require less time to execute. We will not use this programming
technique here because we require only three bytes of memory for the
numerical data and the program itself is so short.

Using the memory map data given in Figure 8.4-1, we decide to:

* store NUMI, NUM2, and the SUM into memory locations
G000, BOG1, and PPY2 (base 16), respectively

* store the machine code into memory locations beginning with
memory location @10 (base 16)

As a result of making these memory allocation decisions, the
machine code for Example 8.1 may now be completed and it is shown
in Table 8.5-1.

We are now tready to load the machine code for Example 8.1 into
the KIM-1 memory. This is the subject of the next section.

TABLE 8.5-1 Assembly and Machine Code for Example 8.1

OBJECT CODE SOQURCE CODE
MEMORY BYTE BYTE BYTE
ADDRESS 1 2 3 LABEL QP CODE OPERAND COMMENT
(101010 NUMI Designate one of the two numbers
to be added as NUM1.
Poa1 NUM?2 Designate the second of the two
numbers to be added as NUM2.
0002 SUM Designate the sum of the two
numbers to be SUM.
*
L]
.
g9 I8 SED Set Decimal Mode.
Pe11 A5 00 LDA NUM1 Load the accumulator with the
numerical value of NUMI.
2013 18 ELC Clear Carry.
Q014 65 a1 ADC NUM2  Add with carry NUMI+NUM?2.
(There is no ADD instruction.)
P916 85 02 STA SUM Store the sum of two numbers
into memory location SUM.
0018 4c 18 [o]] WAIT JMP WAIT The 6502 microprocessor has no

halt or stop command. This is a
jump to itself,

Comment |: We have arbitrarily decided to store NUMI1, NUM2, and SUM inte memory locations @@,
POG1, and POO2, respectively.

Comment 2:We have also arbitrarily decided to begin storing the object code into memory locations
beginning with memory location @ 1@,
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8.6 ENTERING EXAMPLE 8.1 CODE INTO KIM—1

We are now ready to enter the machine code for Example 8.1 (as
given in Table 8.5-1) into the KIM-1 memory locations we selected in
Section 8.4.

The first step is to apply power to the KIM-1 microcomputer
printed circuit board. In this case, we need 5 volts, * 5%, with a current
rating of at least 0.75 amperes. The circuit connections are shown in
Figure 8.6-1. It is strongly recommended that these connections be
checked very carefully each time the KIM-1 is used. Power supply
polarity reversals can be catastrophic.

Table 8.6-1 presents a detailed key by key stroke entry of the
machine code for Example 8.1 into the KIM-1 memory according to
the decisions made and presented in Table 8.5-1. Table 8.6-1 also gives
the information that the user will see on the display following the
depression of the various keys. Comments are supplied, where necessary.

TABLE 8.6-1 Key by Keystroke Entry of Example 8.1 Code
per TABLE 8.5-1 into KIM-1 Memory

Press Keys See on Display Comments

blank Apply 5 volts, 5%, 0.75 amp. per Figure 8.6-1. There
is no power ON-OFF switch on the KIM-1. The SST-
ON switch is for selecting the single-step mode.

XXXX XX x implies an unpredictable display.

no change Puts KIM into address mode.

[0 m@ 0010 xx Contents of memory location 0010 are displayed.
no change Puts KIM into DATA mode.

0010 F8 Enters F8 code into memory location 0010.

0011 xx Increments the memory address displayed by one

This is casier than pressing the four keys for location
0011, which would accomplish the same thing.

001t AS Enters A5 code into memory location 001 1.

@ @ 0012 00 Enters 00 code into memory location 0012.

BOE 0013 18 Similarly, enters 18 code into memory location 0013,
(6] 0014 65 ete.

[ 0015 01

0016 85

@ 0017 02

f4] 0018 4C

M 0019 18

@@ 001A 00 This completes the loading of the code for Example 8.1.

It is suggested that the user go back to memory location
0010, and then, using the key, check sequentially
through memory location 001A for possible errors.
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KiM-1

Connector (E}

LED Display

LI

0ooo

ogoaoo
ooooag
ooooag
ooooao

Keyboard

Power Supply

Connector (A)

Figure 8.6-1 When used without Teletype, CRT, or audio tape recorder, the
KIM-1 requires only one power supply connected as shown

8.7 EXECUTION OF EXAMPLE 8.1 FROM THE
KiM-1 KEYBOARD

Table 8.7-1 presents a key by key stroke sequence for entering the
numerical values of NUM1 and NUM2 and then executing the program
using the key. We have arbitrarily selected NUMI1 = 43 and NUM2.
= 25. Again, we have presented the displays which the user will see after
depressing the various keys and appended comments, where necessary.
The resulting SUM is displayed in the last step of the table and is seen
to be equal to 68, which is the correct answer in the decimal mode.

It is suggested that the user modify the program by changing the
SED (set decimal mode) op code to CLD (clear decimal mode) and try
different numerical values for NUM1 and NUM?2 in order to gain a
greater understanding of what the decimal and binary modes in the
KIM-1i really mean. Problems are provided at the end of this chapter
to help guide the user in this endeavor.

8.7.1 Single Step Execution of Exampie 8.1 Program

Table 8.7-2 presents a key by key stroke sequence for entering the
numerical values for NUM! and NUM2 and then executing the program
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TABLE 8.7-1 Execution of the Example 8.1 Program from
the KIM-1 Keyboard
NUM1 + NUM2 = SUM where NUM1 = 43; NUM2 = 25

Press Keys See on Display Comments
KXXX XX Reset. x implies display is not predictable.
no change Puts KIM -1 into ADDRESS input mode.
[0 @ [f_)]@ 0000 xx Present contents of memory location 0000 are displayed.
no change Puts KIM- | into DATA input mode.
0000 43 Enter 43 as the numerical value of NUM1 into location 0000,
0001 25 Enter 25 as the numerical value of NUM2 into location 0001.
@) 0002 00 Clears memory location 0002 where the SUM will be placed.
[H 0010 F8 Prepares to run program by loading the beginning address
(0010) of our program.
blank Program executes in literally a few microseconds.
0010 F8 Reset KIM-1,
[EiRiE]u 0000 43 NUM! is still equal to 43.
0001 25 NUM? is still equal to 25.
0002 68 SUM is 68 and is the correct answer in the decimal mode.

Recall that we had previously cleared this memory location.

TABLE 8.7-2 Single Step Execution of Example 8.1 Program from
the KIM-1 Keyboard )
NUM1 + NUM2 = SUM where NUM1 = 43; NUM2 = 25

Press Keys See on Display Commernts
XXXX XX Reset.
m 17FA xx This sequence of 3 lines must be performed in order to use
[0] [©] 17FA 00 the @ key and/or the single step mode. To be more
ific: i 1C00 i red into i upt
o wmpic) ST dmeo ool GO0 s afuiieots
[cl[a (o] o] 0000 xx Present contents of memory location 0000 are displayed.
0000 43 Enter 43 for NUMI into location 0001.
0001 25 Enter 25 for NUM?2 into location 0002.
[2][0] 0002 00 Clear location 0002 where SUM will be placed.
RO B0 0010 F8 Lcads beginning address (0010) of our program.
0011 AS ] Each time the key is depressed, a single line of code is
0013 I8 executed and the memory address of the next line of code is
OGS 63 e e o iy boipeghunn Vot
0016 85 TABLE 8.5-1.
0018 4C
no change

]

[ o}l 0000 43 NUMI is still equal to 43.
0001 25 NUM2 is still equal to 25.
0002 68 SUM is 68 again. Recall that we had previously cleared this

memory location to zero.
Do nor forget that the SST-ON switchis in the ON position.
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for Example 8.1 in the single step mode. We have again selected NUM1
= 43 and NUM2 = 25. The usual display information and comments are
given.

An important item for the reader to note in Table 8.7-2 is the
need to properly initialize the interrupt vector locations 17FA and
17FB. This must always be done if the key and the single step
switch mode are to function properly. For more information, please
refer to the NMI section of the 6502 microprocessor discussion.

The KIM-1 user will find that the single step mode is used pri-
marily during program debugging.

8.8 DECIMAL OR BINARY CODE

Any system which uses the 6502 microprocessor has the option of
operating in either the decimal mode or the binary mode. In the case of
the KIM-1, the designers choose not to include a CLD or SED com-
mand in the reset programs, so it is not possible to predict whether the
KIM-1 will be in the decimal mode or in the binary mode when first
energized. (These writers’ experiences with about a dozen KIM- 1s con-
form with this observation; about half come up on the binary mode and
about half in the decimal mode; unfortunately, it is not always the
same half.)

This uncertainty - decimal or binary mode - is responsible for most
of the problems encountered by first-time KIM-1 users. These problems
appear to the user to be one of the following two major types:

1. The numerical results to arithmetic operations do not appear to
be correct.
2. Programs recorded on audio cassette tapes do not load.

Problems of the first type are solved if the user (programmer)
develops the habit of preceding each arithmetic operation with a CLD
or SED command. (The reader will recall that our solution to Example
8.1 in Table 8.2-1 followed this suggestion.)

Problems of the second type are solved if the user (operator) sets
the KIM-1 into the binary or decimal mode immediately after powerup.
This may be done by loading all Os or all 1s into the memory location
OQPF1. When we press the Go button, the contents of this location will
be loaded into the P register. Actually only the decimal bit in the status
register needs to be set to a 1 for the decimal mode and set to O for the
binary mode, but it is much easier for the user to set all 1s or all Os.
(There are 64 different ways to set one bit to a 1 or to a 0 in a byte.)
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8.9 KiM-1 KEYBOARD KEY FUNCTIONS

The KIM-1 keyboard key functions are summarized in Figure
8.9-1.

Displays and restores
Stops execution of program and program counter to
returns control to monitor values stored in
program only if interrupt vector PCL and PCH Resets KIM-1 and always

locations 17FA and 17FB are
properly loaded

produces a display

Causes program to execute
beginning with address )
shown in the display \

(Single Step) SST-ON
Not a power on-off switch!
Interrupt vecter locations

17FA and 17FB must be loaded

Selects the ADDRESS | -

entry mode

\ Increments the address
without changing the

entry mode

Seicts the DATA
entry mode

\ @thru

16 entry keys for both

data and address entry

Figure 8.9-1 Summary of KIM-1 keyboard key functions and cautions

8.10 OPERATING THE KIM—1 VIA A TELETYPE

Before energizing a KIM-1 system that is using a serial teleprinter
such as the TELETYPE® Model 33ASR (Automatic Send and Receive)*
the following items should be verified.

1. The Model 33 is wired for full duplex 20 mA operation.

2. The 5 volt power supply is connected to the KIM-1 application
connector as shown in Figure 8.6-1. Be sure a jumper is con-
nected between pins | and K.

* Models 33KSR or RO can also be used.
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3. Pins R, U, S, and T of the KIM application connector are con-
nected to the Teletype as follows:

R X-7 or P2-8
U X-6 or P2-7
S X-3 or P2-5
T X-4 or P2-6

X denotes Terminal Block X and P2 denotes Plug 2. (On the
33ASR Teletype terminal block X can be located by noting the
ac line cord connected to X1 and X2. It is the second receptacle
from the left on the top row as viewed from the rear of the
machine.

4. The toggle switch TTY-KB (keyboard) is in the TTY (TELE-
TYPE) position.

8.10.1 The KiM-1 Prompting Message

If you have checked all of the electrical connections specified in
Sec. 8.1, you may now proceed to do the following:

1. Energize the 5 volt power supply.

2. Plug the TELETYPE into a 115 volts, 60 Hz. power outlet and
turn the switch marked LINE-OFF-LOCAL to LINE. This
switch is located at the right side of the small vertical front
panel strip which bears the letters TELET Y P E as shown in
Figure 8.10.1. :

O 00O o000
| S———

TELETYPE “é
LINE-OFF-LOCAL

Switch

Figure 8.10-1 Closeup view of LINE-OFF-LOCAL switch
on model 33ASR TELTEYPE
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The following steps are most important because the KIM-1 system
adjusts to the bit rate of the serial teleprinter and requires this sequence
of key strokes to establish the proper bit rate:

Press KIM key Press TTY key See printed

XXXX XX

where xxxx xx denotes an arbitrary, unpredictable set of six (6) printed
characters. If everything is working properly, you should immediately
observe the message KIM xxxx xx beingtyped in the two line format
shown above. This is a prompting message telling you that the TTY is
on-line and that the KIM-1 system is ready to accept commands from
the TTY keyboard.

If the “KIM> prompting message is not typed, repeat the two key

sequence given above;that is, press the key on the KIM-1 keyboard
and the key on the TTY. If the “KIM” message is still not typed,

recheck all connections and try again. If the problem still persists, ob-
tain assistance.

8.10.2 Possible Input and Output Modes

Immediately after the “’KIM” prompting message is typed on the
TTY, the KIM-1 system is ready to accept commands from the TTY
keyboard. As soon as you decide what type of input and/or output you
desire, you may refer to Figure 8.10.2 and determine what sections
describe the procedure you must follow.

8.10.3 Another Simple Example (Example 8.2)

The purpose of this simple example is to explain and to illustrate
the different possible input and output modes using the TELETYPE
Model 33ASR. It also illustrates another way of terminating a program.
Rather than just jumping to itself, the program jumps into the Monitor
Program and displays the numerical value of the SUM and its memory
location.

Example 8.2. Add two positive integers located in two memory loca-
tions and store the sum into a third memory location. Output and dis-
play the sum and its memory location. It is not necessary to check for
overflow. The solution to Example 8.2 is presented in Table 8.10-1.
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Computer
program

\‘ Reader \ Line/Local

switch

Figure 8.10-2 Pictorial view of possible input/ouput modes using a
TELETYPE 33ASR with the KIM-1

TABLE 8.10-1 Source code and machine code for adding two numbers,
storing, and displaying the sum. Refer to Example 8.2
for more details.

Memory Byte Byte Byte SOURCE CODE

Map 1 2 3 LABEL OP CODE OPERAND
110] NUMI

01 NUM2

02 SUM

¢3 18 PROGRAM CILC

04 F8 SED

) A5 00 LDA NUMI1
07 65 01 ADC NUM?2
?9 85 @2 STA SUM
0B A9 02 LDA #02
¢D 85 FA STA SFA
OF A9 00 LDA #3500
11 85 FB STA $FB

13 4C 4F 1C JMP 1C4F
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8.10.4 Using the TELETYPE Keyboard to Enter a Program

While using the TELETYPE keyboard to enter a program, you
may perform the following operations:

To Select an Address
1. Type four hex keys (0 to F) to define the address.
2. Press the |SPACE] bar.

The TTY will respond by typing the address code selected followed by
a two hex digit code corresponding to the data stored at the selected
address location.

Example:
Type: 1802 [SPACE
TTY printer responds: 1802 8D

showing that data 8D is stored at memory location 1802, which is in
ROM, so its contents cannot be changed.

Time saving hint: Leading zeros need not be entered.

Examples:

EF |SPACE] selects address OOEF
A |SPACE] selects address 000A

SPACE| selects address 0000

To Modify an Address
1. Select an address as above. Don’t forget to press the |SPACE

bar.

2. Type two hex characters to define the data to be stored at this
address.

3. Press the TTY period key, hereafter denoted byO :

Example:

Type: 234 |SPACE
TTY printer responds: 0234 xx

Type: : 6D

TTY printer responds: 9235 xx
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Note: The selected address $234 has been incremented automati-
cally by one to the next address #1235 and the contents xx of
memory location $235 have been displayed.

Time saving hint: Leading zeros need not be entered.

Examples:
A @ enters data QA
@ enters data 00

(This is a frequent source of errors for even experienced program-
mers who clear memory locations inadvertently by using this
short-cut.)

To Step To Next Address (Without modifying the contents of the cur-
rent address)

1. Press key @

Example:

See printed: 1234 xx
Type: @

Printer fesponds: 1235 xx
Type:

Printer responds: 1236 xx
etc.

To Step to Preceding Address (Without modifying the contents of the

current address)
1. Press key @

Example:

See printed: 1234 xx
Type:

Printer responds: 1233 xx
Type:

Printer responds: 1232 xx

etc.
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To Abort Current Operation

1. K
Press key

Example:
See printed: 1264 )
Type Out
Printer responds: KIM

XXXX XX
Type: 1234 |SPACE
Printer responds: 1234 xx

In this example, the RUB key was used to correct an erroneous
OUT,

address selection.
Note: The 88% key must be depressed after each depression of

the KIM-1 key in order to allow the operating program to
define the serial bit rate for the particular Teletype being used.

8.10.5 Using the TELETYPE Keyboard to Execute a Program

To Execute a Program (From the TTY keyboard)

1. Enter the starting address of the program followed by |SPACE|.

2. Type @ .[This is analogous to the key on the KIM-1
keyboard.]

Example 8.2 may be executed as follows:

Type: 90p3 [SPACE
See printed: P003 18
Type: © (on TELETYPE keyboard!)

Comments: In this example, program execution begins from loca-
tion §0@3 and will continue until memory location PP 15 is reached.

In other cases, program execution continues until the or
keys on the KIM-1 keyboard are depressed.
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Actual TTY output for Sec. 8.10.3 Example 8.2 stored in the KIM-1
with 8 stored in memory location §@QP@ and 9 stored in memory loca-
tion PPO1. As you may recall, the sum = 17 and is stored in memory
location @P@2. The Teletype output is shown in Figure 8.10.3

COMMENTS
gag3 Program begins in memory location @03,
gpgs 18 G Note that G is typed on the same line as the
KIM previous response.
ggg2 17 Sum = 17 and is stored in memory location 9Q@2.

Figure 8.10-3 Actual TELETYPE output for Example 8.2
NUM1 + NUM2 = SUM for NUM1 = 8 and NUM2 =9
SUM = 17

To Execute a Program (Single step from TTY keyboard)
1. Enter the starting address of the program followed by |SPACE|.
2. Slide switch on KIM-1 keyboard marked SST-ON to ON.

3. Type key @ once for each step of program you wish to have
executed.

Example 8.2 may be executed from the TELETYPE keyboard in
the single-step mode as follows:

Type: 0003 | SPACE
See printed: 00p3 18
Type: @ and continue depressing the @

key until output does not change.
See Figure 8.10.4 for the actual
output as well as comments.

8.10.6 Using the TELETYPE Keyboard to Punch a Paper Tape

To Punch Paper Tape

1. Load and thread blank paper tape into the punch unit.
2. Decide on the starting address and ending address of the data
block to be punched on the paper tape.

A paper tape for Example 8.2 may be punched as follows:
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COMMENTS
g3 key does not print, of course!
gggs 18 G If you are having problems - - did you load the interrupt
;é;q F8 ¢ vecmrﬁ)rpmperkey operation as described in Sec. 1.1.37
KIM
ggds A5 G In the course of single stepping through a program, certain
KIM addresses will appear to be skipped. This is normal and to be
gge7 65 G expected, because all of the bytes involved in the execution
KIM of the single instructions are accessed and the program halts
E?ﬂg 85 G only on the first byte of each successive instruction.
ggge A9 G
KIM
gego 85 G
KIM
gggF AS G
KIM
g1l 85 &
KIM
pA13 4C G
KIM
1C4F 28 G From here on, this would repeat indefinitely.
KIM
IC4UF 28 6
KiM
1C4F 28 ¢
KIM
1C4F 24
L]
*
[ ]
g2
ggg2 17 SUM = 17 and is stored in memory location §6§2.
Figure 8.10-4 Actual TELETYPE output for the execution of Example 8.2 in
the single-step mode
Numerical values: 8 +9 =17
Comments:

a) Load the program’s ending address §@15 into KIM-1 mem-

ory locations 17F7 (EAL) and 17F8 (EAH) where

EAL = Ending Address - Low Order Byte
EAH = Ending Address - High Order Byte

b) A starting address = QPO has been selected. We could have

selected a starting address of (@93, if we did not wish to in-
clude the numerical values of NUMI, NUM2, and SUM.

¢) The key by key stroke sequence for Example 8.2 are:
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Type: 17F7 |SPACE|

Sec printed: 17F7 xx

Type 150
See printed: 17F8 xx
Type: 99O
See printed: 17F9 xx Comment: Ignore this memory location

because our next step is to
specify the starting memory

location.
Type: 0000
See printed: 0000 xx Activate punch by depressing but-
ton on punch marked ON.
Press key: @ Comment: Watch and listen to the tape
being punched!

Please refer to Figure 8.10.5 for the actual printed output corre-’
sponding to Example 8.2. Figure 8.10.6 presents the actual punched
paper tape for Example 8.2.

Q
;180p¢AB8A91718F8ASHE65F185F2A0F285FAA9FASSFBUCLFIC2244A812
;BgppaLgapl

Figure 8.10-5 Actual printed output for Example 8.2

s00e
-

°
R T Y YR Y Y TN
(1] s o . @

000000000000 00 & 000880
0000020000 0000 ¢ S05ES088808 S
LN

NULLS

Figure 8,10-6 Actual punched paper tape for Example 8.2
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A Handy Hint:

It is convenient to have a leader on each paper tape which has the
minimum number of holes punched so that you can write your
name, date, and other information. You can do this in three steps:

1. Press keys in this order and hold down until about 2 inches of
tape extends out of the punch.

2. Tear off and discard this paper tape. The “y* cutting bar will
form the tip of an arrow so that you will know in what direc-
tion the tape is to move. The sprocket holes, which are off-
center, will prevent you from placing the tape in up-side-down.

3. Repeat Step 1 until you have the desired amount of leader at
the front of your tape.

8.10.7 Using the TELETYPE Keyboard to Lista Program

A printed record of the contents of the KIM-1 memory may be
typed on the TELETYPE. The procedure is the same as for punching
a paper tape except that the punch mechanism is not activated. This is
assured if you press the OFF button located on top of the punch
mechanism.

8.10.8 Using the TELETYPE Keyboard to List KIM-1 Memory

There is no difference between using the TELETYPE keyboard to
list the contents of the KIM-1 memory and to list a program as described
in Sec. 8.10.7.

8.10.9 KIM-1 Paper Tape Format

The paper tape DUMP and LOAD routines in the KIM-1 Monitor
store and retrieve data in a format designed to reduce errors. Each byte
of data is converted to two half bytes (nibbles). Each half byte (in hex)
is translated to its ASCII equivalent and written out onto paper tape in
ASCII form.

Each line of the output begins with a *“;”" character (ASCII 3B) to
indicate the start of a valid record. The next byte (18 in hex) is the
number of data bytes in that line. Then the starting address lower order
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byte (1 byte, 2 characters), starting address higher order byte (1 byte, 2
characters), and then then data (18,4 bytes, 30;¢ characters) follow.
Each record (line) is terminated by its checksum (2 bytes, 4 characters),
a carriage return (ASCII @D), line feed (ASCII QA), and six “Null”
characters (ASCII §09).

The last record (line) has zero bytes of data (indicated by 00).
The starting address field is replaced by a four digit hex number repre-
wmmgmemwhmmMHdﬂﬂawwMSmmﬂjdbwwbymemmk
sum. A “XOFF” characters ends the transmission.

During a load, all incoming data is ignored until . character is
encountered. The receipt of nonASCII data or a mismatch between the
calculated checksum and the checksum read from the tape will cause an
error condition and the KIM-1 Monitor Program will cause the message
«“KIM ERROR” to be printed. The checksum is calculated by adding
all data in each record (line) except the ““;” character.

Figure 8.10.7 illustrates and interprets how the above description
of the paper tape format applies to the Example 8.2 TELETYPE
printed output.

Each record (line) begins with a **:”

Next byte is the number of data bytes in that line
Starting address of that record (line)
Data 18, ¢ bytes, 30, ¢ characters whether requested or not
Checksum for each record (line)

Carriage return, line feed and six null characters do not print

Q prints when @) key is depressed
/ (See 8.1.4 TO PUNCH A PAPER TAPE)
Q

;18ﬂaﬂﬂﬂsﬂ91718F8A5ﬁﬂssﬂl85%2A9¢285FAA9¢¢85FBhC4F1c22guﬁ812
;BOEgPg1IEREL KIM
These two bytes were not requested
Checksum for this record (line)

4 digit hex number representing tofal number of record (lines) replaces
starting address field

Zero bytes of data

Figure 8.10-7 Tllustration and interpretation of the KIM-1 paper tape format
) as it applies to Example 8.2 output
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8.10.10 Reading a Paper Tape into the KIM-1

Paper tapes read into the KIM-1 system must have the format
specified in Section 8.10.9. Paper tapes generated by the KIM-1 have,
of course, this format. To read a paper tape with the proper format,
proceed as follows:

1. Set the Paper Tape Reader switch to FREE.

2. Insert the tape into the tape reader mechanism being careful to

align the sprocket holes. Move the tape slightly back and forth
te-make sure it is free.

3. Press on the KIM-1 keyboard and key on TELE-

TYPE.

4. Type (© on TELETYPE (mnemonic for Load).

5. Move the tape reader switch to START and remove your hand.
Switch will automatically return to its center position, and the
reader will begin to read the tape.

Caution: Keep fingers away from the paper tape reading mech-

anism!

Figure 8.10.8 illustrates the Teletype output corresponding to

Example 8.2.

LQ
;180 0@pP8A01718F8ASHE65F18502A90285FAAQPPB5FBLCLFIC2204LK812

;PAgERLIABAL KIM

KIM
gggr @9

Figure 8.10-8 Actual TELETYPE printed output when paper tape
for Example 8.2 is loaded into the KIM-1

8.11 ADDING AN AUDIO TAPE RECORDER TO THE KIM-—1
8.11.1 Why Add an Audio Tape Recorder?

There are at least four reasons to add an audio tape recorder to the
KIM-1 microcomputer:
1. Programs and data which the user has stored in the KIM-1 RAM
may be saved before the power is turned off.
2. An audio tape recorder is much less expensive (as low as $20)
compared to a paper tape punch and reader.
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3. Computer programs and data which are stored on magnetic tape
may be readily duplicated and exchanged with other KIM-1
users.

4. Magnetic audio tape, as compared to paper tape, permits a stor-
age density, a smaller more convenient package to handle, and is
reusable.

Although both reel-to-reel and cassette tape recorders may be used, the
cassette type is used in almost all KIM-1 applications because of its
small size, portability, and cost. The discussion that follows will apply
to both reel-to-reel and cassette types. (Other types of tape recorders,
such as miniaturized recorders without external jacks, are usually
intended primarily for dictating applications and require internal modi-
fications. Recorders requiring internal modifications will not be dis-
cussed here.)

8.11.2 The Audio Tape Recorder Connection

The audio- tape recorder unit to be used should possess the fol-
lowing features:

1. A jack, usually labeled microphone or input, to permit recording
the electrical signal provided by the KIM-1 circuit board onto
the magnetic tape.

2. A jack, usually labeled earphone or external speaker, to supply
the electrical signal of the appropriate level to the KIM-1 circuit
board for loading into the microcomputer memory.

3. The standard control switches for PLAY, RECORD, REWIND,
and STOP. Other features, such as FAST FORWARD or FAST
REVERSE, are convenient for locating programs when more
than one program is stored on a tape side.

With the power off to all of the components, check that all of the
cables and jumpers are present as shown in Figure 8.11.1. All wires,
except for the shielded wires, should be as short as possible and kept
away from other wires which might introduce electrical noise.

The Audio Data Out (LO) at pin M has a level of approximately
15 mv peak. The Audio Data Out (HI) at pin P has a level of approxi-
mately 1 volt peak. Pin P is used with some of the more expensive
tape recorders which have an input (usually labeled “LINE”) that
accepts higher voltage input signals. The lower level Audio Data Output
at pin M is the one which is used with most small inexpensive audio
cassette tape recorders.
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Power Supply
5V 5% Connector A KIM-1

(~0.75 A)

{+) B LED Display

Doy i

Power Supply
12V 5%
(~0.1 A)

*b ey &)

(+) &
)

Keyboard

Shielded wires

Audio tape recorder

oy

LI 1T

MIC REM

/ MIC = Microphone

o EAR = Earphone

REM = Remaote control
(not used here)

Figure 8.11-1 With an audio tape recorder, the KIM-1 system requires one
5 volt power supply, one 12 volt power supply, one jumper,
and two shielded wires connected as shown above

8.11.3 How to Record On an Audio Tape

Before we list the steps to be followed for recording a program
and/or data from memory on an audio magnetic tape, let us document
the assumptions we are making:
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a) There is a program and/or data stored in memory with a known
starting and a known ending address.

b) The program and data have been thoroughly tested and the pro-
gram produces known results given specific data. This prevents
confusing program errors with recording/playback errors.

¢) The special addresses for the Audio Tape Load and Audio Tape
Dump subroutines are known or obtained from Figure 8.11.2.

The procedure for recording on an audio magnetic tape from the KIM-1
memory is:
(If not already on, turn on the 5 volt and the 12 volt power
supplies and check power to the tape recorder, if it is not battery
powered)**

Step 1.* Verify that the 6502 microprocessor is in the binary
mode. This may be done by inspecting the contents of memory
location $O0F1 and recalling that the decimal mode bit (1 =
True) is bit three (b3 of b0 - b7) of the processor status word
(which is stored in memory location $00F1). Since bit 3 is zero
for so many different hexadecimal numbers, it is frequently
easier just to clear the decimal mode and place into the binary
mode by performing the following steps:

Press Keys Display Comiments

@ @ 00F1 xx Selects the address mode and displays

the contents of memory location $00F1.
@@ O00F1 00 Stores 00 into memory location $00F1.

Step 2. Store the starting address in memory locations 17F5 and
17F6. Be sure the place the low order byte into 17F5 and the
high order byte into 17F6.

Step 3. Store the ending address into memory locatins 17F7 and
17F8. Be sure to place the low order byte into 17F7 and the
high order byte into 17F8.

The ending address is defined to be one greater than the last
actual memory location of our program.

* If it were financially acceptable, we could add CLD instructions to the Audio Tape subrou-
tines, manufacture new ROMs, and remove the need for Step 1.

+# Some users have reported erratic operation when using the internal batteries in some of the
tape recorders and they suggest using 115 volt 60 Hz adaptors instead.
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Figure 8.11-2

Microcomputer Systems Principles

o0

All memory addresses are in HEX

Label Function

17F5 SAL Starting address—Low order byte
17F6 SAH Starting address—High order byte
17F7 EAL Ending address—Low order byte
17F8 EAH Ending address—High order byte

17F9 ID File identification number

I

1809 | DUMPT | Starting address—Audio tape dump subroutine

T e

1873 LOADT | Starting address—Audio tape load subroutine

FFFF

Special memory addresses for Audio Tape Load (1873} and
Audio Tape Dump (1800), starting address, ending address,
and ID

Step 4. Pick a two digit hexadecimal number as the file identifi-
cation number (ID) and store into memory location 17F9.

Do not choose ID = 09 or ID = FF.
For an explanation, please refer to Section 8.11.6, Hint #4.
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Step 5. Refer to Figure 8.11.2 and note that the starting address
for the Audio Tape Dump subroutine is 1809. Load 1809 into
the field of the KIM-1. Do not press the key because the
tape is not moving at this time.

Step 6. Select the RECORD mode of the tape recorder and wait
a few seconds for the tape to start moving and to attain a con-
stant speed.

Press key.

Comment: The display will become dark for a time and then the
display will light and show

0000 xx where xx is arbitrary

The amount of time during which the display is dark varies with
the length of the program. In our example, which involves only
about a dozen memory locations, the display is dark for about
16 seconds.

The recording is complete as soon as the display relights.
Step 7. STOP the tape recorder.

Step 8. (optional) REWIND the tape cassette to its starting posi-
tion.

Step 9. (optional) Listen to the tape. With experience, you will
be able to identify the beginning 100 sync pulses, the program
in the middle, and the terminating characters at the end of each
record by their distinctive sounds.

8.11.4 How to Read an Audio Tape into the KIM-1

Before we list the steps to be followed for reading from an audio
tape into the KIM-1 microcomputer, let us list the assumptions we are
making:

a) The file identification number (ID) of the record we wish to

transfer into the KIM-1 memory is known.

b) The starting address of the Audio Tape Load (LOADT) subrou-

tine is known to be $1873.

The procedure for transferring information from an audio magnetic
tape into the KIM-1 memory is:
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(If not already on, turn on all power supplies.)

Step 1.* Verify that the 6502 microprocessor is in the binary
mode and not in the decimal mode. Please refer to Section
8.11.3, Step 1, for details on how to do this.

Step 2. Place the cassette into the tape recorder and REWIND the
tape, if necessary, so that the tape will start to move and will
attain a constant speed about 3 seconds before reaching the
spot where the record with the desired ID exists on the tape.

Step 3. Store the known file identification number (ID) into mem-
ory location $17F9.

Step 4. Load $1873 (the starting address of the Audio Tape Load
subroutine) into the address field of the display.

Step 5. Press the GO key.

Comment.: The display will become dark and the KIM-1 will
search for a tape input with the specified 1D number. The tape
is not moving so the search is not successful.

Step 6. Set the volume control on the tape recorder to approxi-
mately its midpoint position.

Step 7. Place the tape recorder into the PLAY mode. The tape
should begin to move forward.

Comment: As soon as the data record with the specified ID num-
ber is located and completely read in, the display will relight
and show

0000 xx where xx is arbitrary
Step 8. STOP the tape recorder after the display relights.

In reading an audio tape into a KIM-1, three types of problems
may be encountered.
Trouble #1. In step 7, the display relights and shows FFFF xx.
This means that the record with the specified ID was located
but the check sum test failed as a result of either a record or a
playback error.

FIX: Repeat the entire recording and playback procedures checking
each step carefully. In a short program, step through all of the

* If is were financially acceptable, we could add CLD instructions to the Audio Tape subrou-
tines, manufacture new ROMs, and remove the need for Step 1.
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memory locations involved and compare with your written
program. If the problem still persists, refer to the KIM USERS
MANUAL, Appendix C, “In Case of Trouble.”

Trouble #2. In step 7, the tape continues to run to the end and the
display remains dark. This usually means that the record with
the specified ID number was not “found.”

" FIX:a) Verify that the record was actually on this cassette and on
the correct side. (Cassettes have side A and side B record-
ings.) Repeat the entire recording and playback procedure
checking each step carefully.

b) Actually listen to the recording through the speaker or an
earphone. With some practice, you will be able to identify
the beginning 100 sync pulses, the program in the middle,
and the terminating characters at the end of each record
by their distinctive sounds.

c) Verify again that the 6502 microprocessor is in the binary
mode and not in the decimal mode.

Trouble #3. If you use the tape recorder to erase a tape, you may
record a ““noise’” which seems to be related to a subharmonic
of the clock frequency.

FIX: Disconnect the tape recorder from the KIM-1 board while
using the tape recorder to erase the tape.

8.11.5 An Example of Record and Playback

The purpose of this example is to illustrate the procedure for
recording programs and/or data on audio magnetic tape from the
KIM-1 system, and vice versa.

Example 8.11.1. Record and play back into the KIM-1 memory a
program which will add two decimal numbers located in two memory
locations and will store the sum in a third memory location.

Solution: The source program code and machine code for this example
are given in Table 8.11-1. Because the 6502 microprocessor has no stop,
wait, or halt instructions, the last instruction in the program is an abso-
lute jump to itself. Pressing the RESET key will cause the KIM-1 sys-
tem to exit from this infinite loop. In subsequent examples, we will
jump to a display subroutine.
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TABLE 8.11-1 Source Program Code and Machine Code
for Adding Two Numbers and Storing the Sum

Memory Byte SOURCE CODE Comments
Map 1 2 ) LABEL OP CODE QPERAND
(151 NUMI First number in location Q.
01 NUM2 Second number in @1.
02 SUM Sum in location (2.
03 F8 PROGRAM SED Set decimal mode.
94 AS @9 LDA NUMI Load NUMI into accumulator.
06 18 CLC Clear carry.
07 65 o1 ADC NUM?2 Add NUM2 to NUM1 with carry.
@9 85 02 STA SUM Store SUM into location 92.
[1)}] 4C GB P9 HALT JMP HALT Jump to itself over and over
PE again.

Using the KIM-1 keyboard, load the program given in Table
8.11-1 into memory locations $@3 through $¢D. If you do not know
how to do this, or have forgotten how, please refer to Section 8.6.

Now thoroughly test and verify that this program is correctly
loaded and that it performs as expected. Be sure to load two numbers,
run the program, and inspect the contents of memory location $02 to
see if the correct sum is present there.

To record a program from the KIM-1 on audio tape. Please refer to
Section 8.11.3 and note that we have satisfied all of the assumptions
stated there and we are ready to proceed with performing Steps 1
through 8. The results are summarized in Table 8.11-2.

To playback the audio tape into the KIM-1, The assumptions which
we have made require us to know that:

a) The desired tape record ID is $11;
b) The starting address of the Audio Tape Load subroutine is
$1873.

Recall that in this example, we have arbitrarily chosen $11 as the file
ID. However, the starting address $1873 is fixed for the KIM-1 Monitor
Program and will always have this value.

Please refer to Section 8.11.4 and note that we have satisfied all of
the assumptions stated there and we are now ready to proceed with
performing Steps 1 through 6. The results are given in Table 8.11.3.
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TABLE 8.11-2 Solution to Example 8.1 for the case of recording on an
audio tape from the KIM-1 Microcomputer. The step
numbers corresond with those given in Section 8.11-3

Press Keys Display Comments
XXXX XX Step 1:

FOIQOEE  00F1 xx
[0][0]  ooF1 00

17F5 xx
OIBE]  17F5 03
[OI0]  17F6 00

[0 17F7 OE
17F8 00

[ E]

17F9 11

[0 (0]
On Tape Recorder

wait about dark
3 seconds

1800 A9

0000 xx
On Tape Recorder
STOP
0000 xx
0000 xx

{about 16 sec.)

Places in binary mode by clearing

decimal mode.

Step 2:
Stores starting address O0@3 into

memory locations 17F5 (low
byte) and 17F6 (high byte).

Step 3:
Stores ending address POQE into

memory locations 17F7 (low
byte) and 17F8 (high byte).

Step 4:
Loads ID =11 intolocation 17F9,

Step 5:
Loads the starting address of the
subroutine Audio Tape Dump.

Step 6:
Program is being recorded.
Recording is complete.

Step 7:

Tape recorder is stopped.
Step 8:

(optional) Rewind tape.
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TABLE 8.11-3 Solution to Example 8.11.1 for case of reading from an
audio tape into the KIM- 1 microcomputer memory.
The step numbers correspond with those given in

Section 8.11.4

Press Keys Display Comments
XXXX XX Step 1:

EOE@EL  00F1 xx
[0} [o] 00F1 00

00F1 00

Ao OEIEE 17F9 xx
1769 11

1873 A9

dark
dark
On tape recorder
PLAY
dark
(about 16 sec.)
0000 xx
STOP

Places KIM-1 into binary mode

by clearing the decimal mode.

Step 2:
Place cassette into tape recorder
and rewind tape, if necessary.

Step 3:
Load ID = 11 into memory loca-

tion $17F9.

Step 4:
Loads the starting address of the
subroutine Audio Tape Load.

Step 5:
KIM-1 is searching for ID = 11.

Step 6:

Set volume control to midpoint.

Step 7: ,
Places recorder into' PLAY mode
and tape begins to move.

Playback is complete.

Step 8:
Stops tape recorder.
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8.11.6 Some Helpful Tape Hints

The following hints are offered to help you make the most effec-
tive use of your cassette tapes without encountering some of the more
commonly associated problems:

Hint #1. Voice messages may be added between the record data
blocks on the tape. The KIM-1 system will ignore these audio messages
when the tape is read back provided the voice messages occur only
between record blocks. However, you will have to install an earphone
or speaker in parallel with the KIM-1 audio tape data pin in order to
hear the voice messages.

Hint #2. If more than one data block is to be recorded per cas-
sette side, proceed as follows:

Case 1. Data blocks are to be recorded in sequence without re-
winding between blocks.

You need only to specify the parameters of each new block
(ID, SAL, SAH, EAH, EAL) and proceed with recording each
block following the standard steps listed in Section 8.11.3. It is
best to use unique ID numbers for each block.

Case 2. Tape has been rewound or the location of the end of the
last data block has been lost.

You must know the ID number of the last recorded data block.
Rewind the tape to well before the anticipated starting point and
set up the parameters to read the last data block following the
steps given in Section 8.11.3, Step 4.

If the data transfer is successful (as indicated by the display
showing 0000 xx), you may proceed to load the next data block.
Refer to Section 8.11.3.

Hint #3. Avoid placing a data block between two existing data
blocks or in an area of the tape which has previously been used for
recorded data. You may recall that data blocks may be of arbitrary
length and hence variations in block length and tape speed may result
in overlapping of recorded data blocks.

Hint #4. Recall that when recording on a magnetic tape, you
cannot select ID = 0@ or ID = FF. However, when reading from a mag-
netic tape into the KIM-1 memory, we can use these ID numbers as
follows:
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Case 1. If we select ID = (0, the ID number recorded on the
tape will be ignored and the system will read the first valid data
block encountered on the tape. The data read from the tape will
be loaded into memory addresses as specified on the tape.

Comment: This is useful if you forget your ID number or if the
ID number was not provided to you. Note that you still need
the original starting and ending addresses in order to locate and
execute the program.

Case 2. If we select ID = FF, the ID number recorded on the
tape will be ignored and the system will read the first valid data
block encountered on the tape. In addition, the data block will be
loaded into successive memory locations beginning at the address
specified in locations 17F5 and 17F6 (starting address low, SAL,
starting address high, SAH) instead of the locations specified on
the tape.

Comment. This is useful if you forget, or do not know, the ID
number and the starting address. Note that you still should
know the maximum length of the program so that you don’t
“‘write over’ and destroy other data stored in memory.

8.12.1 Manipulating the KIM- 1 Disptay (Example 8.12.1)

The KIM-1 display is controlled by the 6530-002 I/O ports. A
diagram of the KIM-1 display and 6530 RAM ROM I/O interface is
shown in Figure 8.12.1. This diagram is simplified to the point where
it does not show any of the drivers, inverters, or pin connections. The
primary purpose of Figure 8.12.1 is to help to explain how the KIM-1
six character, 7 segment LED display may be used to display many of
the alphabetical characters. In addition, it will be found that it is possi-
ble to blink and to shift the characters which are displayed.

The A-side data determines which of the seven segments are
illuminated for the character selected by the B-side data. Segments A
through G are selected by bits () through 6, respectively.

Example 8.12.1. Determine A-side and B-side data which will cause

[E]rir{o]r]

to be displayed in the first four character positions.
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Character A-side data B-side data
E 79 08
r 50 QA
r 50 0C
o 5C QE
r 50 10
4
Z.
D C B A
74145
1-OF-10 Decoder
01 2 3 456 7 8 9
L L Ll
1-OF-10
G550 Decoder
PB1 A
PB2 B
PB3 C
PB4 D
HIS SRS
g igi_igi
[, ',_. e e e o Y
TTY. ;
Display
—T 4 6530 Segment # "
PBO £ PAD A f
PE1 PA1 B
PB2 PA2 c
o B3 PA3 D
S; PB4 PA4 E
8 PAS5 F
S& PAD PAG G
8s  PAl
2 PA2 7
PA3 L
PA4
PAS
PAG

T

A
F|£|B
el o

o

Typical Display
7-segment

Figure 8.12-1 Simplified diagram of KIM-1 display and control by the 6530-002
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Comment 1. A-side data are determined as follows:

Segments On Hex Code
GFEDCBA
Character E 1111001 79
Character r 1010000 50
Character o 10111909 5C

Comment 2. Computation of the B-side data may appear to be con-
fusing at first. Because PB1, PB2, PB3, PB4 (instead of the more typical
PB(, PB1, PB2, PB3) are sent to the 1-OF-10 decoder, the decoder
supplies an output which is only one-half of the actual input. In other
words, we have to supply an input which is twice as large so that char-
acter positions 94, 95, 06, @7, 98, 9 actually require as B-side data in-
puts: 08, PA, OC, 10, and 12.

The specific memory addresses associated with the 6530-002 I/O
ports are as follows:

1749 SAD A-side Data
1741 PADD A-side Data Direction
1742 SBD B-side Data

1743 PBDD B-side Data Direction

A clearer perspective of the relative memory locations may be obtained
by referring to Figure 8.12-2 which is Figure 8.4-1 with the above mem-
ory locations added. It may be seen that some pins on both data direc-
tion registers must be set for output. (Remember 1 = output and @ =
input.) Just exactly which pins ports A and B are set for input and
which pins are set for output is given in Figure 8.12-3.

A program which will load the A and B data direction registers
with 7F and 1E respectively, is as follows:

Op Codes Source Codes
A9 7F LDA #7F
8D 41 17 STA PADD
A9 1E LDA #1E
8D 43 17 STA PBDD

Example 8.12.2. Write a program which will display the letters “EE” in
the two left-handmost characters of the KIM-1 display. The remaining

four characters are to be dark.

The solution to Example 8.12.2 is shown in Table 8.12-1.
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17FF
?{LI:"YTE 17ec ( KIM RAM
17EB
6530-002 17C0
17BF icati
64 BYTE :pAp')VI’;canon
RAM
6530-003 1780
177F
1/0 and
TIMER —1743 > KIM I/0
6530-002 L1740
173F
1/0 and licati
TIMER Application
6530-003 /0
1700
vy KIM6530-002
1743 PBDD B-side data direction
1742 SBD B-side data
1741 PADD A-side data direction
1740 SAD A-side data
0100
01FF |
STACK Stack
pointer
RAGET initialized
0FF
00EF ]
00EE 17 bytes
reserved
PAGE @ for KIM

(Courtesy MOS Technology)

Figure 8.12-2 MEMORY MAP with 6530-002 ports A and B added
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Port A = Side A Port B =Side B
FA?IPAB PA4|PA3IPA2| PAT]PA IPB?[PBG]PBEIPBﬂfIPBSIPBZ PB1|PB@I

EEEEEEEISERREERE

1 1 1 1 1

=]

le | ol
g |

=7F in HEX =1E in HEX

Figure 8.12-3 Input/Output pin configuration for ports A and B in Example 8.12.1
1 = output; 0 = input

TABLE 8.12-1 Source and Op Codes which display the letters ’"EE” in
the KIM-1 display

Memory Byte Byte Byte SOURCE CODE
Map 1 2 3 LABEL OP CODE OPERAND Remarks
930 A9 7F . LDA #7F Set output pins on
32 8D 41 17 STA PADD Port A
35 A9 IE LDA #1E  Set output pins on
37 8D 43 17 STA PBDD Port B.
3A A9 79 LDA #79  Load the letter E.
3C 8D 49 17 STA SAD
3F A9 08 AGAIN LDA #08  Display the letter E
41 8D 42 17 STA SBD  in the first position.
44 A9 QA LDA #pA  Display the letter E
46 8D 42 17 STA SBD  inthesecond position.
49 4C 3F 09 JMP AGAIN Jump back and dis-
play EE again.

8.12.2 Generating a Variable Frequency Square Wave (Example 8.12.3)

The purpose of this example is to illustrate one of the many differ-
ent ways of defining the Input/Qutput interface ports of the KIM-1
microcomputer for both input and output. In order to be more specific
and practical as weil, we will use Example 8.12.3, which may be stated
as follows:



MCS 6502 Based Microcomputer — The KIM- 1 455

Example 8.12.3*. Write a computer program for the KIM-1 which will
generate a variable frequency square wave with amplitudes of 0 and +5
volts.

As shown in Figure 8.12-4, the eight pins of Port A are programmed
such that one pin (PAQ) is the output and the other seven pins (PAl to
and including PA7) are connected to seven switches which serve as the
input control to determine the frequency of the square wave.

It is further desired that the switch connected to PA1 is to be the
least significant bit (LSB) and the switch connected to PA7 is to be the
most significant bit (MSB). We would also like each switch to act asa 1
when closed, and as a 0 when open. If this is done, the status of the
switches define binary numbers from zero (all switches open) to 127,
(with all switches closed).

PA7 | PAG | PAS | PA4 | PA3]| PAZ | PAT]| PAD Port A

P
-
Y-
P
=
-

Application
connector pins

Output

4
l R :
{LSB square wave

Figure 8.12-4 Input/Qutput connections for the variable frequency square wave
generator (Example 8.12.3)

A Solution to Example 8.12.3. One of the many possible solutions to
Example 8.12.3 is given in Figure 8.12-5, which presents in a modified
form, both the assembly language program as well as the machine code.
It is said to be “modified” form because of the additional column
labeled MACHINE CYCLES. This column has been added because of
the importance of determining exactly how much time (number of
machine cycles) are required to execute each line of code.

* Example 8.12.3 is similar to the “Real Application™ example given on page 55 of the KIM-1
USER MANUAL. (MOS Technology Inc.)
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INSTRUCTION MACHINE CODE
Memory Byte Byte Byte MACHINE LABEL OPCODE OPERAND Remarks
Map 1 2 3 CYCLES
2200 A9 Q1 2 INIT LDA #501 Define I/O. PA@=Output=1. PAI-PA7=Input=0.
P02 8D Q1 17 4 STA PADD  PADD = Port A Data Direction Register
205 EE 99 17 6 START INC PAD Toggle PAQ pin only on Port A.
@208 AD 09 17 4 READ LDA PAD Read switch settings into accumulator.
$20B 49  FF 2 EOR #SFF Complement switch value because closed = 1.
920D 4A 2 LSR A Shift accumulator one bit to right.
@20 AA 2 TAX Transfer COUNT into X-Index Register.
020F CA 2 DELAY DEX Loop to delay by amount specified by
0219 1p FD 3.2 BPL DELAY COUNT stored in the X-Index Register.
$212 30 Fl 3 BMI START Go back to START.
PADD = $17¢1 Defines absolute address of Port A Data Direction
Register.
PAD =§1700 Defines absolute address of Port A Data Register

as specified by the KIM Monitor.

Figure 8.12-5 Assembly language, Machine code, and MACHINE CYCLES for a
variable frequency square wave generator (Example 8.12.3)

Execution of Example 8.12.3. Enter the program as usual, but before
executing the program, load the NMI vector locations 17FA and 17FB
with 00 and 1C respectively, so that the key will function properly.
The program begins in memory location @200, so load this memory
location, and press the key. The display will remain dark and the

output square wave will be available at pin 14 of the Applications Con-
nector. This output may now be connected to an audio amplifier to
serve as a tone generator; or it may be applied to the horizontal input
of an oscilloscope and used to calibrate the horizontal sweep of the
oscilloscope.

The Output Square Wave. The square wave output is shown in Figure
8.12-6 along with equations for the frequency and period of the square
wave as a function of the switch settings. When numerical values are
substituted, the resulting frequencies and periods are:

Input Switch Settings Frequency Period

Binary Decimal (f=1/T) T=1/f
Hz. usec.
PO0000 0 21,740 46

111111 1274, 760 1362
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Input Switch Settings Frequency Period
Binary Decimai | £= /T (Hz) | T=1/f (us)
200000 0 21,740 46
nn | g7, 760 1,362
— +5V
Pin PAD
— ov

23 + 5 {COUNT) us

T=2[23 +5 (COUNT)] us

Figure 8.126 Output square wave for Example 8.12.3. Note that the period is T,

the frequency is 1/T, and COUNT is determined by the input switch
setting with 0 SCOUNT <127,

PROBLEMS

1.

Use the KIM keyboard and display to inspect the contents of
memory locations (in hex) (@00, 0439, 1800, and FFFF. Record
the contents as observed. Refer to Figure 8.4.1, the memory map
for the KIM-1 microcomputer, and the 6530 Monitor listings to
explain your observations.

List the contents of the following addresses: 1CQQ through 1CQA,
1746, POQ through PP1Q, and 1780 through 179¢.

Sketch and label all MCS6502 uP registers. Briefly describe their
functions.

List the addresses where the following can be found in KIM: ROM,
RWM, TIMERS, and 1/O.

Use KIM keyboard and data keys to clear memory locations
$PQEF through $@@FE. If this is not possible, explain.

Where are the internal registers (A, X, Y, S, P and Z) stored during
a single-step operation?
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10.

11.

12.

13.

14.

Microcomputer Systems Principles

Explain why it is necessary fo load memory locations 17FA and
17FB before the KIM-1 microcomputer may be used in the single-
step mode. Refer to 6530-002 listing between lines 600 and 620
and correlate with the use of the above two memory locations.

Refer to Table 8.7-2 which presents the single step execution of
Example 8.1 and fill in the table below for each step.

PC P A X Y S

Study the program below and understand how it works. (There is
at least one error.) The intention of the program is to set the con-
tents of locations $GQQY through $SPPFF to all ones ($FF).

ADDR CODE PROGRAM
0209  AEFF LDX #SFF
0202 18 CLA

0203 95 00 LOOP STA 0,X
0205  CA DEX

@206 DY FB BNE LOOP
0208  4C 4F 1C JMP $1C4F

If you use the KIM-1 microcomputer in the binary mode, what
result would you expect if you added 34 and 27? What would you
expect in the decimal mode? Use the solution to Example 8.1 and
verify your answers using the KIM-1 microcomputer.

Modify the source code for Example 8.1 which is given in Table
8.3-1 so as to check for possible overflow. What would you suggest
doing in the event of an overflow?

Modify the source code for Example 8.1 which is given in Table
8.3-1 so as to display the sum instead of “‘jumping to itself”” at the
end of the program. Display the sum in the four leftmost locations
of the display. You will need to study the Monitor Listing for the
6530s in order to do this.

Modify the source code for Example 8.1 which is given in Table
8.3-1 for the case where the two positive numbers are each three
bytes long. Your program should check for overflow and allow
enough memory locations to store the sum. Use the decimal mode.
Repeat for binary mode.

Write a program for execution on the KIM-1 microcomputer
which will output all of the printable ASCII characters to a printer
such as the Teletype Model ASR33. In the next line printed, move
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15.

16.

17.

18.

19.

20.

all of the characters one character to the right and bring the
character shifted off to the right back to the leftmost position. (In
other words, circular shift right.) Repeat printing new lines until
all characters have been printed in all possible positions. (This is a
program which printer technicians find very useful when making
printer adjustments.)

Punch a paper tape for Example 8.2 and compare to the punched
paper tape shown in Figure 8.10-6. Explain any differences.

Write a program for execution on the KIM-1 which will display
the characters as they are “read in”” from a magnetic tape recorder.
Display the character which has just been read in the leftmost
position of the display and then shift the characters to the right to
make room for each new character. (The characters will appear at
a rate which may be too fast to permit reading every character
reliably.)

Write a program for execution on the KIM-1 which will generate a
very long string of sync characters, an ASCII SYN character ($16).
Record approximately five minutes of only sync characters on a
magnetic tape and then play them back using the program written
in Problem 16. Vary the volume control and tone control (if your
recorder has one) and determine the range for which synchroniza-
tion is maintained. Determine the optimum settings for your tape
recorder.

Modify the program given in Table 8.12-1 for Example 8.12.2 so
that the two characters E E blink on and off at the rate of about
once per second. Although the timers in the 6530s might be used,
write a program which will accomplish the same thing. (Not all
microcomputers have timers.)

Modify the program given in Table 8.12-1 for Example 8.12.2 so
that six characters (all of which may be different) will be displayed
on the KIM-1 display. (Caution: Be sure to turn off a character
before proceeding to turn on the next character.) In order to
demonstrate that your program works, display the six characters
E, R, R, O, R, and a blank.

Modify the program given in Table 8.12-1 for Example 8.12.2 so
that more than six characters may be displayed at the rate of six
at a time and then shifted one character to the right and displayed
again in an endless loop.
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21. Add steps to your program for Problem 20 so that the display
blinks on and off at the rate of about once per seond with on and
off times being equal.

22. The solution to Example 8.12.3 in Figure 8.12-5 provides a fre-
quency range from 760 to 21,740 Hz. What changes would be
necessary to provide frequencies up to 50,000 Hz? What about for
frequencies below 760 Hz?

23. Modify the program given in Figure 8.12-5 for Example 8.12.3 so
that the postiive portion of the square wave represents only 10%
of the period instead of 50%.
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B.1 INTRODUCTION

In Chapter 8, detailed methods for operating the KIM-1 system -
and associated peripheral units are described. This appendix will present
some of the principles underlying these methods of operation. There
are two principal reasons for such a presentation. First, the KIM-1 is an
excellent example of a microprocessor-based system, and the underlying
design principles present a useful case study for one who aspires to do
such design himself. Second, the KIM-1 user will find an understanding
of these principles very helpful in actual operation. For example, the
user who wishes to use the on-board peripherals, such as the keyboard
and the display for nonmonitor functions, will find an understanding of
monitor subroutines an invaluable aid.

Figure 4.2-1 is a flow chart of the KIM-1 monitor program. It will
serve as an important reference for most of the discussion in this Ap-
pendix.

Another important reference is the KIM-1 monitor listing itself,
which is included herein as Section B.8.

B.2 SINGLE STEP OPERATION OF THE KIM MICROCOMPUTER

The normal mode of operation for any digital computer, including
the KIM, is that in which instructions are executed sequentially at high
speed. Automatic high-speed sequencing accounts for most of the
unique capability of such systems. It is often desirable, however, to exe-
cute a sequence of instructions.at manual speed, either to examine
step-by-step program execution and thereby verify program integrity,
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or to diagnose reasons for program malfunction, i.e., to perform “‘de-
bugging.”” The KIM system permits manual sequencing via the keyboard
switch labeled SST (single step).

The 6502 CPU chip used in the KIM system has scveral built-in
features which make single-step operation convenient to perform. One
such feature is the control output designated as SYNC. The 6502
produces a pulse from this terminal during each machine cycle which, if
completed, constitutes the fetch of an instruction op code from mem-
ory. Since such a cycle signals the end of an instruction execution, the
ability to stop the computer when SYNC occurs would accomplish the
single-step operation desired (assuming, of course, that the system can
be restarfed).

One other feature of the 6502 which could be used to accomplish
single-step operation is the RDY (READY) control input. If, during the
PHASE ONE clock of any machine cycle when a memory read is being
performed, the RDY input is pulled low, the completion of the cycle
will be inhibited at PHASE TWO clock time. (A memory write cycle
will not be inhibited, but the subsequent read cycle will be.) The
principal use of the RDY control is in managing transfers between the
CPU and slow memory or 1/O devices which may not respond to read
requests with sufficient speed to keep up with the 6502 clock. Such
devices can, by properly energizing the RDY input, force the CPU to
wait until it is ready to deliver the requested data. A second use of this
input is implemented by inverting and feeding back the SYNC pulse to
the RDY input. This will cause the system to stop each time a SYNC
pulse occurs. Therefore the system stops after the execution of each
instruction. (Actuaily the SYNC pulse must be stored in a separate
flip-flop. The flip-flop will inhibit system operation until it is cleared,
at which time the system will fetch and execute the next instruction.
Refer to Section 3.1, page 124, of the MOS HARDWARE MANUAL,
reference 2, for a detailed description of one mechanization of this
scheme.)

The KIM system does not use the RDY control to achieve single-
step operation. Recall that one of the principal motivations for estab-
lishing single-step operation was to permit a leisurely examination of
the result of executing each instruction. The KIM monitor affords a
powerful mechanism for performing such an examination because the
KIM system implements a procedure whereby, after each step of the
program under study is executed, system control is passed back to this
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monitor. The monitor is then used to examine register contents, data
values, etc. To understand the actual mechanization built into the KIM
system, refer to Figure B.1. Gate U26, a two-input NAND gate, has as
its inputs SYNC from the 6502 and a signal labeled K7. For the time
being, assume that K7 is high or at the “1” level. If the single-step
switch SST is closed, the occurrence of SYNC will pull the NMI input
low, constituting a nonmaskable interrupt input to the 6502. Service of
this interrupt is in the form of execution of the monitor routine which
lights the display and scans the keyboard. This mode reflects the transfer
of control to the monitor as described above. Pushing the GO key on
the keyboard will cause other monitor routines (see the discussion of
the KIM keyboard below) to be called. These routines will fetch the
next user instruction, giving the desired result of stepping through one
more step. At this point the process will be repeated.

The perceptive reader will have detected a logical flaw in the above
operation. He will ask, “Since the execution of the monitor program is
conceptually identical to the execution of the user program, why
doesn’t the system halt after the execution of each step in the monitor
program?”’ This is the point where the role of the K7 signal must be
considered. Examination of the logic diagram will confirm that the K7
signal is produced when an address in page 7 (address range 1CQQ to
1CFF) is present on the KIM address bus. Since the 74145 decoder
which generates K7 produces active-low outputs, when such an address
is present, the K7 signal is at a low level. Thus the NAND gate driving
the NMI input will not produce its active low output when a page 7
address is on the address bus, even though the SYNC signal denoting
completion of instruction execution is generated. Since the keyboard/
display monitor is located in page 7, it will be executed in uninterrupted
fashion. This also has the effect of preventing one from stepping through
any of the monitor routines located in page 7.

One final point about single-step operation in the KIM should be
mentioned. As discussed more fully in Section B.3 on RESET and
STOP operation in the KIM, proper execution of the STOP routine in
response to an NMI request demands that the user, as a necessary step
in system initialization, load the proper interrupt vectors into the sys-
tem. Since single-step operation depends on this routine, such loading
is necessary to properly enable this mode of operation. In plain English,
this means that locations 17FA and 17FB must be loaded with address
1CPQ, the beginning location of the STOP monitor routine.
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B.3 RESET AND STOP OPERATIONS

These two operations bear considerable similarity to one another
and will therefore be discussed together. Each of them is initiated by
depressing a keyboard key. Referring to the logic diagram of Figure B.1
it may be observed that pushing the ST (STOP) key introduces a
positive-going voltage onto pins 2 and 6 of U25, a dual timer. This
circuit’s characteristics are such that this input will produce a negative-
going transition at pin 1, which is delivered to the NMI input of the
CPU. Before examining the effect of this input, let us digress and point
out the principal function of the dual timer circuit. Its characteristics
are such that, even if the ST keystroke manifests switch bounce (which
is typically the case), the timer output will respond only to the initial
positive transition at its inputs, effectively debouncing the switch.

Let us return now to an examination of the sequence of events
which occur when the NMI input is energized. This constitutes a
nonmaskable interrupt request and results in a somewhat feverish
interval of activity by the CPU. The steps which constitute this activity
are:

1. When the NMI request arrives, the current contents of the pro-
gram counter and the status (P) register are pushed onto the
system stack. This allows return to the interrupted routine
when the interrupt has been serviced.

2. The contents of memory locations 1FFA and 1FFB are fetched
from memory and placed in the program counter. This is an
automatic step performed by the 6502 hardware in response to -
the NMI request. Locations 1FFA and 1FFB are ROM locations,
which collectively contain the address 1CIC. (The actual
addresses are FFFA and FFFB, but, in the KIM-1, the high-
order three address bits are ignored in an unexpanded system.)

3. Normal processor activity resumes. This activity consists of
placing the program counter contents on the address bus and
performing a memory read. The contents of location 1CI1C are
thus fetched as an instruction op code.

4. Location 1CIC, alsc a ROM location, contains 6C, a jump
indirect op code. The next two locations, 1C1D and 1CI1E, are
thus accessed by the CPU, producing address 17FA, also prepro-
grammed in ROM. The nature of the jump indirect instruction
is such that this address (along with the next consecutive loca-
tion 17FB) contains the actual address of the next instruction
to be executed. Since 17FA and 17FB are RAM locations,
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they must be previously loaded by the system user with the
address of the first step in the NMI service routine he wishes
to call. The STOP routine provided with the KIM monitor
begins at location 1C@@, and, if this is the desired routine, that
value should have been loaded into 17FA and 17FB during sys-
tem initialization.

5. The CPU begins execution of the STOP routine. Its details will
not be discussed, but it generally consists of a continuous scan
of the keyboard combined with a continuous display of the
last memory location referenced by the user program along with
the data stored at that location. (See the monitor listing of Sec-
tion B.8 for details.)

This rather lengthy list of activities can be confusing and some
care is necessary to sort out some of the terminology encountered. The
various elements of 6502 literature refer to the contents of addresses
FFFA and FFFB (which translate into 1FFA and 1FFB in limited
address space of the unexpanded KIM) collectively as an interrupt
vector, since they point into memory toward the requested service
routine. In the particular case of the KIM, however, the desire to permit
the system user to choose not only the monitor STOP routine but any
other routine of his choosing as a response to an NMI request results in
several of the extra steps outlined above. Since the 17FA, 17FB loca-
tions contain the actual address of the first location of the desired ser-
vice routine, the contents of these locations are referred to in the KIM
literature as the NMI interrupt vectors.

The RST (RESET) key on the KIM results in a sequence of activity
which closely resembles that discussed above. The other half of the U25
dual timer debounces the switch, applying a request input to the RST
input of the 6502. Once again, a sequence of activity ensues, involving
fetching interrupt vectors from locations 1FFC and 1FFD. These loca-
tions contain the address 1C22, which, when sent to memory as a
request for op code, yields not a jump indirect op code, but the actual
first instruction in the RESET routine, which is a system initialization
routine.

It is interesting to reflect on the fundamental difference between
the NMI and RST responses to service requests. The most obvious
difference is that the user has some flexibility in the use of the NMI
routine, since by loading interrupt vectors of his choice into the appro-
priate RAM locations, he can control the response to such requests. It
may seem that this flexibility is missing relative to the RST routine
because the KIM designers saw no need for substitution of a user-
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defined response in place of the one provided by the system monitor.
The actual reason for the difference is, however, more fundamental.
Note that the resources of the monitor program must be used to load
the appropriate interrupt vectors into the NMI locations. In order to
call upon these resources, the sytem must enter a state in which a scan
of the keyboard is performed. Once this state is entered, the keys can
be used to call monitor routines to perform desired activities. Placing
the system into this state requires the use of the system initialization
routine. If this routine also depended upon the preloading of interrupt
vectors, note that, somewhat embarrassingly, there would be no way to
perform this preloading. The fixed interrupt vectors for RESET are
therefore necessary in order to initiate proper system activity. This
general procedure is one of several types most often described as
bootstrap procedures.

B.4 OPERATION OF THE KIM KEYBOARD AND DISPLAY

Chapter 8 describes in some detail the operational manner in
which the user can interact with the KIM system via the keyboard and
display units. Beyond considerations of simply being able to operate
the KIM system, however, it is of considerable educational value to
examine in some detail the methods by which these system elements
are interfaced to the KIM system, because they constitute excellent
examples of peripheral units and their interface to a microprocessor
system.

As the management of the display and keyboard interfaces is dis-
cussed, reference will be made to the routines which comprise the KIM
operating system. The reader will find it useful fo refer to the listing of
these programs {included in Section B.8) as the discussion proceeds, not
only to understand the actual KIM software mechanization, but also to
learn by example how such software is written. The KIM designers
achieved considerable efficiency by sharing one I1/O port for the dual
functions of display output and keyboard input and by sharing keyboard
scan routines between manual keyboard and Teletype interfaces. This
achievement of efficiency is, unfortunately, at the expense of simplicity
of understanding in some cases, particularly to one who is examining
such methods for the first time. An attempt will be made in this dis-
cussion to avoid some of the detail of the implementation which tends
to obscure a basic understanding of the system. For example, in the
discussion, the display drive mechanization will be separated from the
keyboard scan mechanization.
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B.4.1 Display Drive in the KIM System

Figure B.2 shows the principal elements in the display drive sys-
tem. The diagram is simplified by omitting the electrical interface
clements. The logical information flow is correct. The peripheral
interface adaptor labeled 6530-002 is the key I/O element in this
system. The display itself consists of six seven-segment display elements
and, as configured, may conveniently be thought ofas a two-dimensional
array. Control over which character is displayed is provided by the A
port of the 6530. Lines PAQ through PA6 are routed (through display
drivers not shown in the diagram) to the seven LED segments (A through
G, as shown in the figure) of each display unit. The other display selec-
tion dimension is activated by a 74145 BCD decoder as shown. The
active output of this decoder (active-low) is a function of the four-bit
code at the ABCD inputs. Any one of 10 binary codes (regular BCD
decoding) produces an output from one of the decoder terminals. Thus,
to drivea particular display element, the CPU must place the appropriate
" four-bit code in the SBD (Side B Data Register) positions 1 through 4.
If these 4 bit positions are programmed as outputs (by appropriate
loading of the Port B Data Register, PBDD), then this code is present
on the PB1 through PB4 lines, and will appropriately drive the display
array.

Output positions @ through 3 of the decoder of Figure 4.3 are not
used in the display drive. They function as part of the keyboard scan
system and as part of the Teletype/keyboard selection controi.

Table B.1 indicates the data which must be loaded into the B port
Data Register (SBD) to appropriately select any one of the display
elements.

TABLE B.1 KIM Display Character Position Selection Codes

To Select Active Decoder Inputs ~ Port B Data Register
Character Position Decoder OQutput Must Be Contents Must Be®
(Left-to-Right) Must Be DCB A (In Hex)

1 4 1009 03

2 5 @101 @A

3 6 119 @C

4 q 111 QE

5 8 1909 1¢

6 9 1901 12
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*Since only bits 1 through 4 of the Port B data register affect the
decoder, there are a number of other hex vaiues which could be used in
each of these postions. The only requirement is that bits 1 through 4
must be identical to the pattern for the values shown.

Since only output positions 1 through 4 affect the display, there are a
number of redundant combinations which may be used. The hex values
shown in the table are those which assume that (s are to be used in
output positions @, 5, 6, and 7. (Actually, the 6530-002 has no PB6
output.} In the KIM, these other outputs are used for other interfacing
functions and it may be that in some cases some value other than @
might be desired.
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Figure B.2 Simplified block diagram of KIM-1 display drive interface
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Table B.2 is a listing of some of the possible 128 characters
which can be produced by a seven-segment display. In each case, the
ABCDEFG element combination which produces the character is
expressed in terms of the hex value which, when produced by the PAG-6
output bus, will light the appropriate segments. Once again, since the
"PA7 output does not participate in the display drive, it is assigned the
value @ in the table. Since this terminal is used by the KIM system as a
serial Teletype input port, its actual output assignment is immaterial.

In summary, to display a desired character in one of the display
positions, the following steps must be performed:

" 1. Program the peripheral Data Direction Registers PADD and
PBDD to configure PA(6 and PB1-4 as outputs.

7. Load the B side Data Register (SBD) with a value appropriate
for the selection of the desired display element, as given in
Table B.1.

3. Load the A side Data Register (SAD) with a value appropriate
to the desired character, as given by Table B.2.

A program for performing the above steps is quite simple to write,
but is very limited in application, since only one display position is
affected by it. A more complex program is used by the KIM monifor,
and is designated as SCAND (for Scan Display).

B.4.2 Scand, The KIM Display Drive Program

This program is written as a subroutine and begins on line 1057,
page 25, of the KIM monitor listing (Section B.8). The first three steps
of the program fetch a byte (two characters) to be displayed and stored
in INH, the location reserved for the high byte of the input buffer. The
next two steps program the A side of the 6530 port as an output. Next
index register X is loaded with (09 to serve as a pointer to the rightmost
digit position of the display. Index register Y is loaded with 3 prepara-
tory to counting the number of characters to be displayed (6 characters,
three bytes). Then routine SCANDI is entered.

SCANDI starts by fetching the first byte to be displayed, shifts it
right four positions to isolate a single character, and then jumps to
subroutine CONVD (Convert Display) which starts at line 1085. CONVD
searches a conversion table (line 1202) similar in function to Table B.2.
It places the appropriate data value found in the table on the PAQ-6
outputs, moves the preset value of index register X (set to §9 previously)
to SBD, selecting the rightmost digit position of the display, and exe-
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TABLE B.2 KIM Display Character Codes

Character

N XYE<LCHURIOVOZENR =" TIOMEHOA®E > S0000 0w —

Symbol Dz‘splayed

I s O O = T = 5 ) e ] ) . Ty Y Y

Segments Lit

BC
ABDEG
ABCDG
BCFG
ACDGF
ACDEFG
ABC
ABCDEFG
ABCDFG
ABCDEF
ABCEFG
CDEFG
ADEF
BCDEG
ADEFG
AEFG

?
BCEFG
BC
BCDE

?
DEF

?

?
CDEG
ABEFG

?
EG
ACDFG
EFG
CDE

Hex Code

06
5B
4F
66
6D
7D
07
7F
6F
3F
77
7C
39
5E
79
71
?
76
06
1E
?
38
?
?
5C
73
?
50
6D
70
1C
?
?
?
72
s

501
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cutes a delay routine which lights the display for 500 instruction cycles.
CONVD finally increments index X by 2 (to prepare a pointer to the
next leftmost digit position the next time around the loop), restores the
value in index register Y, and returns to the calling routine SCAND/1.
This routine refetches the same byte, masks out the most significant 4
bits to isolate the other character in the byte and calls CONVD again to
display the second character. Upon return, index Y is decremented,
and, if it is not zero, (zero signifies that all characters have been dis-
played) routine SCANDI isreentered to display the next two characters.

When all six characters have been displayed, signified by Y having
been decremented to @, the display is turned off by forcing SBD bits 1
through 4 to @, so that no display element is selected. Peripheral port
A is next reconfigured as an input and a jump to AK (get any key) is
performed, initiating a scan of the keyboard.

B.4.3 Operation of the KIM Keyboard

The keyboard mounted on the KIM circuit board, like the display,
is in a very real sense nothing more than a peripheral unit which inter-
acts with the CPU via the 6530-002 peripheral interface unit. The func-
tion of the various keys in providing system control will not be discussed
here because Chapter 8 covers this in great detail. However, a somewhat
detailed examination of the control of this keyboard will be made, to
promote understanding of the more general problem of peripheral
control, in this case, the control of an input device.

Figure B.3 is a simplified logic diagram which illustrates the princi-
pal components which are involved in KIM keyboard interaction. The
74145 decoder is the same one previously discussed relative to display
management. In that case the active decoder outputs were those labeled
4 through 9, but, as mentioned there, outputs @ through 3 are the im-
portant ones in connection with keyboard interaction. Actually, output
3 is reserved for use as an indicator that the Teletype (rather than the
KIM keyboard/display) is the selected controlling device, see Section
B.6. Outputs ) through 2 are connected to rows () through 2 of the KIM
keyboard, as shown in Figure B.3. Basic keyboard operation consists of
sequentially selecting rows @, 1, and 2 of the keyboard via an operating
program. Any depressed key in a selected row will couple this active-
low selection signal (through the vertical keyboard bus line connected
to that key) back into one of the port A inputs (assuming that port A is
programmed to serve as an input). After the sequential scan of the three
rows is complete, the information gathered from the port by the CPU
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Figure B.3 Simplified block diagram of KIM-1 keyboard scan system

during the scan can be interpreted and the depressed key identified.
The CPU can then branch to a routine designed to service that key.
Note that the programmer has complete liberty in assigning each key its
role in the system, since the software he provides to service each key-
stroke is whatever he chooses it to be.

B.4.4 AK (Get Any Key) Keyboard Service Routine

To examine one implementation of a keyboard scan routine, we
will examine the principal steps found in the KIM keyboard service
routine. Recall that, upon completion of the display management rou-
tine (SCANDS) the KIM monitor software, after reconfiguring the port
A 1/O interface @is an input, performs a subroutine jump to a routine
called AK (any key), which may be found in the KIM monitor listing
beginning on line 1037.
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The first pair of steps in AK set index register Y and index register
X values to @3 and @1, respectively. The Y value is used to count
through the 3 rows of the display and the X value is used, via the BCD
decoder and port B output, to sequentially select the three rows. The
accumulator is loaded with all 1s (FF hex), and row 0 selected by
storing the X value in SBD. The X value is then incremented by 2 to
prepare for selection of row 2 during the next pass. Any key depressed
on row P will send a low-level signal (a ““0°’) back to the corresponding
port A input line. Thus, when the next monitor instruction forms the
logical AND of SAD contents with the accumulator, the corresponding
accumulator bit will become (. After this operation, Y is decremented
and tested for zero, with a branch back to the scan routine if Y is not
zero. Thus three such scans, one for each row will be performed. Any
key depression will change the original FF value in the accumulator to
some other value.

The next three program steps are included to set up the Teletype
selection for potential future use and to take care of the possiblity that
the Teletype, even though not being used, may have transferred data to
the KIM.

A final EOR (exclusive-or) instruction complements the entire
accumulator. Thus, if no keys were depressed during the scan, an all-
zero accumulator state will be reached. If one or more keys were de-
pressed, the accumulator will contain a nonzero value.

After the AK routine is finished, a RTS (Return from Subroutine)
instruction is executed. This transfers control back to the SCAND rou-
tine. Reexamination of this routine, however, discloses that the JSR
(Jump to Subroutine) to AK was its last step. However, SCAND, as it
turns out, is reached via JSR instructions itself, so the actual return will
be to the routine which called SCAND in the first place. There are sev-
eral such calls in the monitor, all on page 17 of the listing. In particlar,
note the pair of calls on lines 662 and 664. A return from SCAND the
first time with a nonzero accumulator value will result in a second call
of SCAND, again followed by a test for zero accumulator. Once again
the problem of unreliable logical outputs from mechanical switch con-
tacts is being addressed. The KIM CPU refuses to believe the answer
given by just one pass of SCAND, so it calls it one more time just to
make sure the key is still depressed during the second scan. If it is, the
routine designated GETK (line 667) is entered. This routine has as its
function the determination of what key was pressed, information AK
does not yield.
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B.4.5 GETK and GETKEY Monitor Routines

GETK begins with a jump to subroutine GETKEY, beginning on
line 1114 of the monitor listing. GETKEY is a moderately involved
routine and its details will not be expounded here. Figure B.4 is a flow
chart of GETKEY. Suffice it to say that when it is entered, it scans the
KIM keyboard in a manner similar to that done during the AK routine,
except that much more processing of the data is performed. The result
of this processing is that, when a return from GETKEY occurs, a code
is left in the accumulator which uniquely specifies the key that was
depressed. Table B.3 shows the association between the keyboard keys
and the codes produced by GETKEY. Note that a code with a hex
value greater than 15 represents a so-called “illegal” code, and is an
indicator that the key was not steadily depressed during the execution
of the scan, or that two keys or more were depressed. Such an illegality
is rare, because it is extremely difficult to create a keystroke so short as
to not appear rather slow to the KIM monitor program. Also, two keys
would have to be depressed with near-perfect simultaneity to be detected
as an illegal activity by the GETKEY routine.

Returning to the flow of events engendered by the original key-
stroke, return from GETKEY is back to GETK. The key code having
been placed in A, the next few steps of GETK are simply comparisons
with code values corresponding to NO KEY, PC, ADDRESS MODE,
DATA MODE, STEP (+), and GO key depressions. In each of these
cases a jump to a subroutine for handling that particular activity is
performed, after which a return to normal keyboard scan will be made.
If none of the above codes are found, the code must be a data value
held in the lower 4 bit positions of A. In this case, two principal activi-
ties must be performed by routine DATA. First, a determination
as to whether the keystroke was intended to affect Data or Address
portions of the display is made. The routine accomplishes this by
examining the MODE value (held at the reserved address QQFF). If
ADDRESS mode is selected, the routine loads the display buffer area
with the proper characters, shifts the characters around in such a way
as to reflect a right-to-left insertion of new characters to the display,
and fetches the dataat the resulting memory address. This data is loaded
into the display buffer area so that when a return is made to the SCAND
routine, the display will indicate the new address and the data stored
there. If DATA mode is selected, the address presently held in the dis-
play buffer will be used to read memory, shift the low-order data
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Figure B.4 Flow chart - GETKEY monitor routine
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TABLE B.3 KIM Monitor Keystroke Codes

Key Code Placed in A
Depressed by GETKEY (hex)
NONE 15
PC 14
AD 10
DA 11
+ 12
GO 13
1 01
2 02
3 03
4 04
5 05
6 06
7 07
3 08
9 09
0 00
A A0
B 0B
C 0C
D 0D
E 0E
F OF
Illegal > 15

character left one hex position and insert the new value (obtained by
GETKEY) in the vacated position. The modified value is then rewritten
into memory and a return to SCAND (via START, line 636) is per-
formed.

In reading the KIM monitor listing, it is easy to become confused
by some program activities which appear to be meaningless or at least
obscure. This is a common reaction when trying to obtain an under-
stahding of another programmer’s thought processes via a listing of his
program. Novice programmers should remember this when writing
their own programs, and should try to follow the following two rules:

1. Be very liberal in your use of comments in your programs.
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2. Try to avoid being too clever. It may cost a little extra code to
to things in a straightforward manner as opposed to developing
short but intricate routines. Be forewarned that such *clever-
ness” will not only be confusing to another worker trying to
understand your program listing, but to yourself when you are
trying to use or debug the routine a couple of days after having
written it.

B.5 USE OF KIM SUBROUTINES

The discussions of the previous sections involved examinations of
some of the activity managed by the KIM monitor. In looking over this
operation, you may have noticed that much use is made in the KIM
monitor of subroutines performing desired operations. This rather for-
tunate implementation, one which is a good model for programmers in
general, makes available to the KIM user a variety of routines for use
outside the normal monitor usage. Table B.4 is a listing of those subrou-
tines included in the portion of the KIM monitor provided for manage-
ment of display, keyboard, and Teletype. The user can call these
routines by simply using the JSR instruction and providing the starting
location of the desired routine. They may be thought of as a rather
limited “library” available to the system user. The only difference be-
tween these subroutines and those you might write for yourself lies in
their behavior during the single-step operation of the KIM. Since they
all lie in page 7 of memory, you cannot step through them. This does
not mean that you cannot use them, however, in programs you might
like to step through. The only effect will be that in stepping through a
JSR instruction which calls one of these routines, you will find that the
entire subroutine will be executed before the KIM stops and waits for
the next instruction in sequence, the one following the JSR. Note that,
in such a case, you are using the subroutine for your own purposes, and
the KIM monitor is using the same subroutine, without any conflict
between the two uses.

This concept of use of a subroutine library is a very important
one. You will find in your future use of microcomputers that the
establishment of such a library for use by yourself or others will greatly
enhance your ability to use your system without the necessity to
develop all software “from the ground up’ each time a new and differ-
ent problem or application is to be examined. You will also find the use
of subroutines developed by other users to be an important aid.
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TABLE B.4 KIM Monitor Subroutines

509

Subroutine Starting

Description

Comments

Name Address
INITS 1E88
INIT1 1E8C
SCAND 1F19
SCANDS  1FIF
AK 1EFE
GETKEY 1F6A
INCPT 1F63

Initializes system, performing

the following steps:

1. Set keyboard to address mode.

2. Program 6530 A port terminals
as inputs.

3. Program the lower 6 6530 B
port terminals as outputs, and
the upper bit as an input (for
TTY mode).

4. Loads @3 into B port data reg-
ister (setting up test for TTY
mode).

5. Clear decimal mode of KIM
arithmetic unit.

Same as INITS, except does not
affect keyboard mode.

Drives KIM display, displaying
4-character address and data
stored in memory at that address.
Branches to AK routine at com-
pletion to test for occurrence of
KIM keyboard depression. Re-
turns to calling program after
AK.

Identical to SCAND, except
simply displays data at POINTL,
POINTH, INH.

Scans KIM keyboard to see if
any key is depressed. Loads A
with @ if no key, with some
nonzero number if key.

Scans KIM keyboard, producing
code (in A) identifying key de-
pressed (see Table B.4).

Increments the 16-bit value in
POINTL, POINTH.

Address to be displayed
stored at POINTL,
POINTH.

6 hex digits to be dis-
played must be stored
at POINTL, POINTH,
AND INH.

PA port must be pro-
grammed as input.

PA port must be pro-
grammed as input.
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TABLE B.4 (Continued)

Subroutine
Name

Starting
Address

Description

Comments

OPEN

CONVD

GETCH

GETBYT

PACK

CHK

PRTST

CRLF

OUTCH

1FCC

1F48

1E5A

1F9D

1FAC

1F91

1FD5

1E2F

1EAQ

Moves data from INL to POINTL

and from INH to POINTH.

1. Converts hex digit in A to
code suitable for driving KIM
display element.

2. Selects display element with
contents of X (see section on
driving KIM display).

3. Drive display element
about 0.5 milliseconds.
4. Increments X by 2, points to
next rightmost display ele-

ment.

for

Get one character from Teletype,
placing it in A.

Get two hex characters from
Teletype (as one byte)} and pack
into INH and INL (See PACK).

Shift character in A into the
INH, INL string. Loses the high-
order character of INH. If A
does not contain a hex digit,
return with no execution.

Computes check sum (used with
paper tape routine).

Hex digit to be displayed
in lower half of A, with
upper half cleared. X
contains code selecting
display element. X will
be modified (incremented
by 2} by ihe routine.

X unchanged, Y=FF on
return.
X unchanged, Y=0 on
return,

Clears A on return (if
transfer successful).

Prints (via Teletype) a string of X must contain pointer

ASCII characters from TOP + X
to TOP (TOP is a table prestored
in ROM).

Prints (via Teletype) a carriage
return and line feed.

Prints (via Teletype) one charac-
ter (in A).

into table.

A contains character to
be printed, X unchanged,
Y=FF on return.
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QUTSP 1E9E Prints (via Teletype) a space. y unchanged, Y=FF on

i return.
PRTPNT  1ELE Prints (via Teletype) the contents

of POINTL and POINTH as 4
hex characters.

PRTBYT 1E3B Prints (via Teletype) a byte (in A contains byte at start
A) as two hex characters. and at return.

HEXTA 1E4C Extracts lower 4 bits of A, prints
(via Teletype) as hex character.

DELAY 1ED4 Delay one Teletype bit time. Delay depends on baud
rate constant (CNTL30,
CNTLH30) stored during
initialization.
DEHALF 1EEB Like DELAY, except delays
one-half bit time.

B.6 KIM KEYBOARD/TELETYPE SELECTION CONTROL

The KIM system permits the user to select as his primary I/O
device either the integral keyboard/display or a console device such as
an ASR33 Teletype. It is instructive to examine the means by which
the KIM system goes about implementing the choice of option for I/O.

If one reads only the bare operating procedures for the KIM, he
finds that the steps involved in setting up the TTY option include
wiring of a connector jumper or a switch which is used to select the
option. This may suggest that some wiring of hardware is being accom-
plished, but in fact the selection is performed almost entirely in soft-
ware. Refer to Figure B.5 which shows a logic drawing of the 6530-002
peripheral interface unit and the switch wired in to permit implementa-
tion of the TTY option. Note that output number @3 is tied through
this switch to PAQ of the 6530. PAQ should be configured as an input.
During the initialization program executed during a RESET operation
(a small portion of which is shown in both listing and flow chart form
in Figure 4.7), the Port B data register (SBD) is loaded with @7, pro-
ducing an active-low output at the @3 terminal of the BCD decoder. If
the TTY mode switch is closed, this signal will be coupled into the PA(
input. When the program shown executes a BIT (bit test) instruction,
(comparing the contents of PA to 1) and then follows this with a
BNE (branch on nonzero), the branch will not be taken, since the zero
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Figure B.5 KIM-1 keyboard/Teletype mode selection circuitry

flag will have been cleared by the bit test operation. Thus the program
sequence will not be broken, and the monitor will enter a Teletype
handling software mode. If, on the other hand, the BIT, BNE sequence
resulted in a zero flag set,indicating that PAQ) was 1, a branch to moni-
tor routine START would result, corresponding to keyboard/display
selection. (Note that this means that an unconnected input to PAQ is
interpreted as a high level or a *“1”’).

There are several branch points in the monitor program which
require testing for TTY mode. In each case, a procedure similar to the
one described is executed by the software. (See, for example, lines 614,
637, and 659 of the KIM monitor listing.)

B.7 TELETYPE 1/O INITIALIZATION

Figure B.6is a diagram which shows the interface circuitry required
to properly connect the 6530-002 to a 20-milliampere current-loop
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PBO Teletype output
PB1
PB2 '

PB3

PB4 Input enable
PB5
PB7

PAO
PA1
PA2
PA3
PA4
PAS Echo
PAB
PA7

———» Audio output

< Audio input

ale

0 +5V

ANN—O
AN N—

Teletype input

TQO mA 20 mAT

T T

'\_ TAVAAAS T
Teletype Téletvpe
keyboard printer
switch drive coil

Figure B.6 Teletype current-loop interface circuitry

interface such as is found in a standard ASR33 Teletype. (Also shown is
a portion of the audio cassette interface, which will not be discussed
here.)

Chapter 5 discusses asynchronous communication principles in
some detail, so it is assumed that basic Teletype operation is under-
stood. From the diagram it can be seen that 6530 initialization to
support this interface requires that:

1. PB( be programmed as an outfput.

2. A high or “1” value be sent to PB0.

3. PA7 be programmed as an input.
4. PBS be programmed as an output.
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5. PB5 be programmed as an output.
6. A low or “0” value be sent to PB5.

The KIM-1 monitor established the 6530-002 interface during an
initialization sequence called INITS (lines 966-977). The reader should
verify that the steps listed here are performed during this routine.

B.8 KIM-1 MONITOR PROGRAM LISTING

This section consists of a reproduction of the KIM-1 Monitor
listing, included with permission of MOS Technology, Inc.

CARD » LOC CODE CARD
666666
[

6

6666665
6 [
3 5
666665

QXN LW

COPYRIGHT
MOS TECHNDLOGY»

27 DATE OCT 18 1375 REV D

&2

29

30

31 6530-003 IS AN AUDID CASSETT TAPE
22 RECORDER ENTENSION OF THE BASIC
33 KIM MONITOR

34

35 1T FEATURES TWO BRSIC ROUTINES

EL) LOADT-LORD MEM FROM RUDIO TRPE

37 DUMPT=-STOR MEM ONTO AUDIO TAPE

E

%3 LaADT

a0 ID=00 IGNORE ID

41 I1D=FF IGN, ID USE SA FOR START ADDR
42 1D=01-FE IGN.ID USE ADDR ON TRAPE
42

44 DUMPT

43 ID=00 SHOULD NOT BE USED

48 1D=FF SHOULD NOT BE USED

47 1D=01~-FE NORMAL 1D RANGE

a3 SAL LSB STRARTING RDDRESS
439 SAH MSB

S0 EAL LSB ENDING RDDRESS

91 EAN MSB

(L
en wE eh we s ws ws wE Ve A8 e wa ws @F e 88 B8 &8 68 A% EE WE AT s W B wm S es M6 WE Ar 46 WE W W4 WE WE ES N WH VWP WS W4 W WE We we wn e

355555

5

3

555555
5

S
555553

INC

333333
3

3
333333
3
3
333333

333333
3
3
333333
3

2
333333
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TARD

4
55
o6
w7
53
53
&a
&1
&2
E3
%4
3]
1)
-7
Ba
3]
70
i
7z
V3
4
bl

76,

LN
0

DD D D D D D N O
WO e oo Ty e D e O

Loz

foon

00EF
090
ans g
noFz
a0z
00~4
0oFsS

WIFE
a0nFe
anFEz
NoF3
OnFH
00FE
OOFC
0FD
coFE
NO=F

01nn
17E7
1755
17ES
17EC
1rFa
17F2
17r4
17FS
17Fe

TF?
17F8
17F9

17FA
17FC
17FE

1800

1200

C0ODE

A9 AD

we we e we

SAD
PATD
SED
PEDD
CLELT
CLKBT
cLKe4T
CLKKT
CLKRDI
CLKRDT

CHEHI
CHKIUM
INL
IMH
POINTL
POINTH
TEMP
THPX
CHARR
MODE

i

i

§

CHKL
CHEKH
SAYY
VEB
CHTL20
CHTHEO
TIMH
$AL
SAH
ERAL
EAM

1D

UmPT

EQLIATE ¥

SET uP FOR £9%30-002 I-Q

=$1740 85306 A DATA

=31741 6530 A TATA DIRECTION
=§1742 #3530 B DATA

=$i742 6530 B DATA DIRECTION
=31744 DIV BY 1 TIME

=51745 DIY BY & TIME

=31746 DIV BY 64 TIME

=$1747 DIV BY 1024 TIME
=§1747 READ TIME OUT RIT
=$1746 READ TIME

*=300EF

MPU RES, ZAVY ARPEAR IN PAGE 0

e=¢4+1 PROGRAM CNT LW
*=++1 PROGRAM CMT HI
+=e+1 CURRENT STARTUZ REG,
+=04] CURPENT ZTACK POINT
e=e41 ACCUMLLATOR

e=e41 ¥ TNDEX

s=e+] Y INDEX

«IM FIZED RREA IN PAGE 0

e=e+]

=04

+=e+1 INFPUT EBLFFER
+=e++1 IMPUT BUSFER
+=e+1 LIB OF 0OPEM CELL
+=e+1 MIE OF OFEN CELL
d=e+]

e=e+i

+=4+1

oze+]

KIM FIXED AREA IN PAGE 23

+=F17EV

LT 23

o=+ CHK SN

s=o+3

s=e+6 YWILATILE EXECUTION BLOCK
LETES TTY DELAY ‘
s=otl TTY DELRY

*z=e+]

ezo+] LOW STARTING ADTRESS
sze+] HI LTARTING ADDR
s=e4] LOW EMDING ADDRESS
omot] HI ENDING ADDRESS
omed]

INTERRUPT VECTORS

e=e42 STOP VECTDR <(STOP=1CO0O
s=e42 RST VECTOR

=042 IR VECTOR <BRK= 1C00>
*=$1300

INIT YOLATILE EXECUTION BLOCK
DUMP MEM TO TRPE

LDA #$RD LORD ARSOLUTE INST
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Lo CODE CARD
1202 8D EC 17 STR VEER
1805 20 32 19 JSRINTVEE
H
1308 A9 27 LoA #§27 TURN OFF DATAIN PBS
180A 8D 42 17 3TA SBD
130D A9 BF LDA +§BF CONYERT PE7 TO OUTPUT
180F 2D 43 17 i STAR PBOD
¥
1312 R2 &4 LDX #3564 100 CHARS
1214 A9 16 DUMPT1 LDA #$16 SYN CHAR'S
181 20 7A 19 JER OUTCHT
1319 CA DEX
121A DO F2 BHNE DUMFT1
H
H
121 A% 2R LDA wre START CHAR
121E 20 7R 19 JER QUTCHT
L]
1221 HAD F3? t7 LDA In OUTPUT ID
1824 ¢n &1 19 JER OUTET
H
1287 AD FS 17 LDA SAL OuUTPUT STARTING
182/ 20 SE 19 JIR DUTETC ADDRESS
122D AL Fe 17 LDA ZRAH
1230 20 SE 19 JIR OUTBTC
L)
1233 AD ED 17 DUMPT2 LDR YEB+1 CHECK FOR LAST
1236 Co F7 17 cmpP EAL DATA EBYTE
1832 AD EE 17 LDA YEB+2
123 ED F2 17 SBC EAH
1225 90 24 BCC DUMP T4
]
1241 A9 2F LDA s E OUTPUT END DF DATA CHR
1242 20 7A 19 J3R QUTCHT
1246 AD E7 17 LDA CHKL LAST BYTE HAS BEEN
1243 20 &1 19 JER OUTET QuT PUT NOW OUTPUT
i1z4C AD E2 17 L.DA CHKH CHKSUM
134F 20 61 19 JSR OUTBT
i
H
1352 R 02 LD% #g0e 2 CHRR- S
1254 R9 04 DUMPT3 LDA #5064 EOT CHRAR
1856 20 7R 19 JZR OUTCHT
1255 CA DEX
135" DO F2 BHE DUMPT3
L]
18%C A% 00 LDA 2100 DISPLAY G000
125E B85 FA ZTA POIMNTL FOR NORMAL EXIT
1260 25 FE ETA FOINTH
1362 40 4F {C JMP START
.
1255 20 EC 17 DUWMFT4 JIR YER DATA BYTE QUTPUT
126a 20 5E 19 JER QuTETC
L
126 €0 EA 19 Jie INCVEB
1366 4C 33 18 R DUMPT2

LOAD MEMORY FROM TRPE

s s we

1271 0QF 19 THE JWORD LOARDIZ
1272 A% 2D LORDT LDA #5380 INIT VOLATILE EXECUTION
1275 8D EC 17 ITA VEB BLOCK WITH 3TA AES,

1378 .20 22 19 Iz INTYER
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CARFD & LOC

127
122
189
£an
191
13e
192
194
135
13
197
192
133
200
21
and
20z
204
245
205
207
20z
203
211
211
21z
= 3
=14

215

s
AR ARV E S I il L S e aien

oo fu
- e

AUNEUN U TN (U S O (T3 (VO EI TR T

0 e W R0 T 00 0 M f o

137k
1270
1220
1282

A3
an
AD
=20
AT
=30

Lkl

an

L3
o
R
oo

20
ca
Fil
e
D
Fi

20
cD
Fn
"D
[}
Fi
co
Fo
oo

=]

2a

cOoE

4C
EF
71
Fo
72
Fi

nz
42

E3’

D&

g

ha

16
o1
F3

Fo

F2
Fo
0D
Fg
oo
06
FF
17
3c

Fa
4C
ED
F3
4c
EE

: Fa

Fz
4
F3
4

=4
24

14
an

17
12
17
132
17

17

1A
17
17
i7
17

1A

19
17

17

1R

CARD

-

= e an

08074

§
LaAl11

E]
LORDTS

L}
LOARTES

LARDT?
LOARD13

LA
iTA
LDA
iTAR
LA
ETH

#5400
VER+3
TAE
YEER+4
TABR+1
YEE+S

=E07
ZED

SEEF
TR

RLELIT
SAVK
EAVK
TN
SAYH
sE15
TYMCL

=$0/
COCHT
#¥16
TYNC

IYHCE

ROCHT
#e
LOADL1
#¥16
SYNC
LORDT4

RDBYT
ID
LJIARTTS
ID
#E00
LOARDTS
#5FF
LORDTS
LORDT

RDEYT
CHKT
VEB+1
RODBYT
CHKT
VEB+2
LOADT?

ROBYT
CHKT
RDOBYT
CHKT

#E02
RTCHT
#Ts
LOADTS
FACKT

JUMP TYPE RTRN

RESET PBS=0 (DATA IN>
CLEAR TAVE FOR SYNC AREA

FET A BIT :
ZHIFT BIT INTO CHAR

GET HEW CHAR
YN CHAR

TEST FOR 10 IYN CHARS

IF NOT 10 CHAR RE-3SYNC

LOOK FOR START OF
DATA CHAR

{F HMOT » SHOULD BE SYN

REARD ID FROM TARPE
COMPARE WITH REQUESTED ID

DEFAULT 00 READ RECORL
RNYUWAY

DEFAULT FF IGNOR IR OM
TAPE
GET SA FROM TRPE

SAVX IN VEB+1+2

GET =R BUT IGNORE

GET 2 CHART
GET CHAR (X
LOOK FOR LATT CHAR

CONVERT TO HEX
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== N0

BN I

281 193¢
282 193%
283 1938
284 193B
285 193E
286 1940
287 1943
288 19495
23% 1943
290 194B
291

29

c93

294

295 194C
€96 1940
297 194E
298 1951
299 1954
300 19%7
301 1959
302 193C
203 195D
304

309

306

307

302 19SE
309 19481
310 1352
311 1963
312 1954
212 1965
314 19%&
219 19283
216 134R
7 134D

nn

AD
30
AD
8D
A9
20
A9
8D
30
60

R2
12
6D
=10
AD
69
30
92
&0

cn
AZ
48
4R

4~
Y

20«

98
=4

a3

22

0 F1

F3
ED
Fé&

&0
EF
on
E?
ES

E7
E?
ES
00
E3

4t

17
17
17
i7

17
17

17
17
1?7

13

19
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¥Y=1 NON-HEY CHAR

COMPUTE CHECKSLIM
sy DRTA IN MEMORY
INCREMENT TRTA POINTER

END OF DATA COMPARE CHKIUM

MORMAL EXIT

ERROR EXIT

RTS INST

CLEAR CHKSUM ARER

cOMP CHICELIM
$AYX DATA BYTE
SHIFT OFF L3D

QuT PUT MID

CARD
BNE LOADTS
DEX
BHE LOATIL3
H
I13R CHKT
amP YEB
LoAap12 1R INCVER
Jue LOARNT?
L.OAnTR JER ROEYT
MR CHEL
ENE LOADTS
Jie ROBYT
CHMP CHKH
BMHE LORDLTS
LTA sE00
BER LORTILIO
H
LOALTA LDA ngFF
LORDLID._ZTA FOINTL
sTA POINTH
JMP START
§
i
§ SUBROUTINES FOLLOW
]
5 SUB TO MOYE SA TO YEB+1s2
’
INTVER LDA AL
ITA VEB+1
LDA SAH
3TA VEB+2
tDA #8360
ITA YEB+3
LDA #3800
3TR CHKL
STAR CHKH
RTS
5 COMPUTE CHK3SUM FOR TRPE LOAD
H RTN USES ¥ TO SAVX A
’
EHKT TRY
cLc
ADC CHEL
STA CHKL
LDOA CHKH
ADC #3800
3TA CHKH
™A
RTS
’
H OuTPUT ONE EYTE USE VY
i Ta $AVX BYTE
L]
QUTEBTC JER CHET
OUTBT-
A
H
]
A
HEXOUT
HEXOUT

guT PUT LD
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CARD 3

212
213

LA S e Al Gl e b
fu
=Y

o~
L O T E U VIV U (T )

NFR B 0 D W g Tl B f0 e

w

a

LRI IR PUR SV Y L TY RN N
YR IR, O N Y A

oo Py DD Q0 T B

s LaOC
1%6E

19¢F
1371
19732
1974
1976
1974

RO U

PR

L e Ty
b e D e e D R

ki
=D A= T

133E

13AN0
1341

1974
19H5
L3A2
13RE
13RT
12384
19B3
1985
13E7
19BA
19EC
19BF
13CH
13C2
1903

19C4
1204
1ac7
19CR
Jans
13CE

1371

a0

=13
B
Al

20

47
BO
en
4
20
aa
na
AE
AC
&0

COnE

]

T 47

FE
7E
44
a7

42

47
FE
TE
4
ev
42

o=

MR
W~

I g
B N

i7
17
iv

17

17

17

17

CARD

E%auT

CHTz
CHT32

Ll
ONE

OMEL

are

a6 o as W ew

2rR0O1

RTS

CONVERT LID OF A TO ASCII
AND OQUTPUT TO TAPE

AND SEOF
e B J ]
cLC

Bl HEX1

HOC #3507
ADC =520

QuUTPUT TO TAPE ONME RECII
CHAR UZE SUB“: ONE + ZRO

3TH EAYH
3TY TAYR+]

Loy =503 START EIT
JzR DNE

LIk A GET TATA BIT
EBCS CHTE

JER ONE DATA BIT=1
dme CHT3

JER Zr0 DATA ERIT=0
JEIR ZRrRO

LeEY

BHE CHT1L

LDx TAMA

LDY SAYR+1

RTE

QUTPUT 1 TO TAFE
P PULTEZ 13% MICRDEEC EARCH

LD #3502

FPHA SAYY A

BIT CLKRDI WRIT FOR TIME QUT
BPL OME1

LDA #1126
STR CLELT

DA HERT

ZTR SBL SET PB?=tl
BIT CLKRDI -

BPL ONE2

LDA #1126

STA CLKLT

LDA +ge7

=TA IEBD RESET PB?=0
DEX

ENE anNEL

PLA

RTS

QUTPUT 0 TO TARPE
& PULSES 207 MICROSEC EACH

LDX #5506

FPHA SAYY A
BIT CLKRDI

BFL 2ZrRO1

L] #1039

Ta SOELT

L~ #iR7

519
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CAPD # LOC CODE CARD
2042 17 ITH ZED TET FRT=1
WDo4F 17 Ze0z BEIT CLERTIT
10 FE BFL ZR0c
S =IO | 04 #1985
a0 44 17 xTH CLELT
43 27 A sH27
3D 47 17 *TA ZBD REZET FEP=D
cAa e
oo oFE B R0l
a2 PLA REXTARE A
=1 RTE
.
3 TR TO Iml WEB+1a2
;
EE ED 17 INCYEE INC YEB+L
Do ooz BENE THIZVEL
EE £E 17 NG VEE+2
= THIVEL ®TE
bl
H ZUE TO RERD EYTE FROM TRPE
20 24 1A RODBYT  J5F ROCHT
405 LFFE 20 00 1A/ IR FACKT
406 1FFI 20 24 1A RDEYTEZ JER ROCHT
407 13FC 20 00 18 JER PACKT
403 LIFF &0 RTE
309 i
410 H PACK A=RECII INTO SAYH
411 H A% HEY DARTA
412 H
413 1R0G C9 Z0 PRCET CHME $FID
414 1ANE 20 1S EMI FPACKET2
415 1A04 O3 47 ohMe #E47
415 LANE 10 1R BFL PACKTS
417 1AM C9 40 CHP #8410
413 1AROA 20 03 BMI PACKT1
419 1RLIC 13 cLC
420 1A &9 02 ADG X 1ek=3
421 1HO0F 2R PATKT1 ROL A
43 1A10 2/ FOL A
42 1811 2R ROL A
4z 1Ale 2R e0L A
4z 1A12 A0 04 LDy #$04
+2 1A15  2A PACKTZ ROL A
42 1A1& 2B £9 17 ROL TAVY
42 1H13 23 DEY
. 1A1A4 O FS BME PRACKTZ
11T A0 E2 17 LR LAWK
1AIF /A0 00 LY #3500 Y=0 WALTD HEX CHAR
1AZ1 &0 =TI ¥=0 WALID HEX
tRez  ©=3 SRCUTE INY ¥=1 MOT HEY
1AZ: =0 =Tz

GET 1| CHAR FROM TAPE AND #ETURM
SITH CHAR IN A USE SAvk+l TO A3M CHAR

DONT ETH TAVK+Z

[N (s #3032 READ 3 BITZ
ROCHTL 3R ROBIT GET HEXT BATA RIT

LIk SAYVH+L RIGAT SHIFT CHAR

arA SAYH+] JP IN BMORIT

ZTH EAY R+ PEPLACE THAR

neEx

BME FDCHTL

an
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CHED
443
343
430

N R R R

Tl R &

)|
]

DU

[RUN TR IR R I

i

T

Ty T

474

506
SOF
S0
S03
Sto
311
5128
513

[Nt T

ASE
RS2
ASC
ASE

1
1
1
1

s -
I I
S G -

T T T

0

- e e
s O O
T

1A&E
1RSD
1R70
tR72

1A7TS
1A72
1A7A
197C
LAFF
1A81

1A24
1A27
1R&3
1AZ2E
1ASE
1A30
1R93

L2 R RTTI
N D I

A9
30
A9
an

=(n
10
AS
an
A
ap

et
10
AY
20
A3
2D
4

JODE

=G

=B

E I R
[ O SO O . INFT

21

27

EBF
43

47
CE
L]
44
R?7

az

47
FE
2R
44
z7
4z
75

17

17

17

17
17
17

17

Iy

17

17

17
1A

Q e an an can

'LETT

ROEITE

H
SDEITE

i
ROETTY

.
]

T e we wa ms s caw ee we wp ey

LLCAL

PLLT

s

ZAVA+L MOVE CeAR IMTO S
a FHIFT OFF FARITY

THIT SUB SETS OME BIT €RGM
TAFE AnD RETURNT IT IN SIGM OF &
EIT  IED WALT FO% SNMD OF START BIT
EFL RDEIT
LOR CLKRDT GET TTAST BIT TIME
LD wEFF A=256-T1
ITY  CLKE4T SET P TIMER
LBY #E14
Y NELAY 100 41CROSES
BME  BDBITS
BIT  TED
EMI  RDBIT2 WALT FOR MEXT START BIT
TEC
FBC  CLKRDT €3SE-T13 =4 256-T2)=T2-T1
LOY  s¥FF
ITY  CLKB4T SET UP TIMER FOR HEXT EBIT
LOY  wEOT
pEY DELAY S0 MICROSED
ENE  ROBIT4
EOR  ugFF COMPLEMENT TIGN OF A
AMD #3360 MAZK ALL EXCEPT SIGH
RTS
DIAGNOE TICS
MEMORY
PLLCAL

PLLCAL JUTPUT 166 MICROIEC
PULZE TRING

LpA
TR
LDR
5TA

BIT
BPL
LDA
TR
LDA
3TA

BIT
BRL
LDA
STA
LDA
5TA
JHP

#3527

EZBD TURN OFF DATIN PES=1
#BBF, CONVERT PE?7 TO OQUTPUT
[1:201

CLKRDI

S |

#154 WAIT 156 MICRO SEC
TLKLT

#ER7 NUTFUT PB7P=1

ERD

CLERDI

PLLZ

#154

CLELT

=527 PB7=0
4230

PLLY
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CARD = LOC CODE CARD
S14 § INTERRUPTS FAGE 27
515 i
S16  1A%E s=e+%0154 RESERVED FOR TEST
517 tBFA 6B 1A NMIPZ7 .WORD PLLCAL
S12  1BFC  £B 1R RSTP27 . WORD PILLCAL
%1% 1BFE 6B 1R IRGP27 LWORD PLLCAL
san §
See
523
=0
525
526
527
528
5a2
530
531
532
533
534
339
536
527
538
539
540
541
542
543
545
546
547
5483
S4%
550
371
Boe
592
554
555
596
557
ST
599
SED
SE1
562
Se3
=T
SE5
SEé
Se7

SHE

666666 559955 333333 000000
6 ] 3

6 5 3
666666 555555 333333
3 6 ‘5 3
] 6 5

b 3
666566 555555 333333

060000 000000 2eeeaz
0 e

0 2

0 2a2za2

0 2

0

2
00000 222e2e

.. aE wE G WS ws T wa \bE S W \ER WD W8 s WS Jae ‘w4 AR W \am we

COPYRIGHT
1MOS TECHMNOLOGY INC.
DATE OCT 13 19795 REVY E

KIm :TTY INTERFRACE
tKEYBOARD INTERFACE
:7 SEG 6 DIGIT DISPLARY

TTY CHMDS:
G GOEKXEC

CR OPEN MEXT CELL

LF OPEN PREY. CELL

. MODIFY OPEM CELL

SP  OPEN NEW CELL

L LOAD <OBJECT FORMATS

@ pUMP  FROM OPEN CELL ADDF TO HI LIMIT

RO RUB OUT =~ RETURN TO START ¢KIM:
¢(ALL ILLEGAL CHAR ARE IGNORED?

KEYBOARD CMDT: .
ADDR SETS MODE TO MODIFY CELL ADDRELS
DATA SETZ MODE TO MODIFY DATA IN OPEM CELL
STEP INCREMENTS TO NEXT CELL
RET IYSTEM REZET
RUN BOEXEC
sTOP  $1C06 CAN EE LOADED INTO NMIY TO
UZE $TOP FEATURE
FC DISPLAY PC

cLOCK IS MOT DIZABLED IN SIGMA 1

e ow waw as 48 c88 \as ms cew e wwm 6B W WE @3 ‘AR We a3 S8 am AR T 48 ar lex wE we wd S8 AR AR eR
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CRRT # LOC CODE CARD
581 i
582 H
524 1C00 «=E1C00n
S35 ’ 3
S H
587 1Can 95 F3 SAYE ETH ACC KIM ENTRY YIA STOP <(NMI>
582 ICo2 ez FLA OR BREK (IRG)
Sa3 102 35 F1 STA PREG
590 1C0S &2 3AYE1 PLA KIM EMTRY YIA JSR <A LOSTY
Tt iCae 3% EF =TA PCL
Sa2 1002 8% FR ETA POINTL
597 ICOR A3 PLA
34 ICOE 35S FO 2TA FCH
535 1COD 85 FE =TA POINTH
S9%  ICOF 54 FS ZRAVEEZ ETY YREG
997 1C11 28 F4 ETHA XREG
S3% 1C13  BR TEX
993 114 26 F2 ET® IFUSER
00 1016 20 22 1E J3R INITS
a01 1013 40 4F 1C JmP START
02 H
02 1C1Z eC FR 17 NMIT JmMP CNMIYY NON-MASKARLE INTERRUPT TRAR
204 1CIF &L FE 17  IRGT Jmp CIRGY INTERRUFT TRAP
30 H
eNe IL22 " FF RET LK #3FF KIM EMTRY YIA RST
07 1Ce4 A TS
&02 1025 86 F2 3TX SFLIZER
£02 1027 20 23 1E JTR IMITS
510 §
a1l H
12 1C2R A9 FF TGETCFS LDA SEFF COUNT STRRT BIT
&13 iCal &D F2 17 STA CHNTHZ0 ZERO CNTHZO
614 LCEF A3 o) LDA #E01 MAZK HI ORDER BITS
ZC 40 17 DETL | BIT FAD TEST
oo 19 BNE ETART KEYED TSHW TEST
30 F3 . EBMT DET1 START BIT TEST
A3 R LDA sEFC
1z TETZ cLC THIZ LOOP COUNTS
B3 01 ADC «h01 THE ETART EBIT TIME
ElTE BCC LETE
EE F2 17 INT CHTH30
AT 40 17 DET2 Loy ZAD CHECK FOR END 0OF START BIT
10 F2 EFL DETZ
3D F2 17 3TH CHTL30
AZ 02 Lo SEOR
20 &/ 1€ JTR GETS FET SEST OF THE CHAR
i TEET CHAR HERE
H
534 H MAKE TTY-KE FELECTION
s 35 i
€36 IC4F 20 8C 1E START IR INITY
237 1C52 A% 01 LDA #E01
532 1C54 20 40 {7 BIT ZAD
£33 1CS57 DO LE | ENE TTYKE
£40  1C59 20 2F LE JSR CRLF PRT CR LF
241 1CSC A2 aA LD® +50R TYPE OUT KIM
a42 ICSE 20 31 1E IR PRTST
543  1CE1 40 AF 1D e SHOW1
o494 3
245 1064 A9 00 CLEAR LDA 2400
&5 1CEE 25 FR TR IHL CLEAR INPUT BLIFFER



CARD # LOC
847 1C6%
542 1CER
643 1CED
&S50  1TEF
£51 IC71
652 1C74
£S53
654
555
(31
AT Unirard
653 1CPA
859  1C7C
560 1CTE
61 1081
€62 1083
$K3  1CE6
aG4 1082
565 1C3B
&858
&&87  1C8D
gR2 1290
583 1032
s70  1C94
&7l 1893
a72 1098
&73  1C9A
w74 IC2C
%79 1CSE
=76 1CARH
arr 1092
w73 1CA4
7R ICAR
s30 1CR3
&31 1CA3
&3¢ 10AA
&322 1CHE
434 1CAC
535 1CHE
&2 1CRD
S37  1CB2
538 1CB4
£33 1CBE
530 1CBS
w31 1CB9
532 ICBE
k]

#3234 1CBE
BH#S  ICEF
a96  1CCH
37 1CE3
£33 1CC4
599 1CCH
700

701 1CCE
vz 1ccA
703

704 ccc
705 1CCE
705 1CDO
77

7oz 1CDZ
70% 1CD&
710

711 1CD9

CODE

g5
20
co
Fo
20
4C

=4
1]
A9
2c
Fo
20
Fo
20
Fa

20
)
10
ce
Fo
c3
Fo
c9
Fo
c9
F0
c
Fo
oA
A
oA
oA
25
Az
a4
Do
13

06
2
a1

4t

0A
26

26

Do
Fo

R9
Do

A9
25

ac

o
4C

Ll

Fa
SR
133
05
RC
DB

19
D3
o1
40
[
13
4
19
EF

&
15
BB
14
44
10
2c
11
zc
12
eF
13
31

Fi
4
FF
oA
FA
£C

FA

C3

FA
FE

ER
03

01

0z

an
FF
4F

1E

1F
1D

1F

17
1F

iF

1F

1c

iF
ic

]
i

- e e w

G

G e

TR
JER
CHP
BEG
JER
JMP
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INH
GETCH
#3501
TTYKB
PACK
SCAN

MAIN ROTINE
AND DISPLAY

JER
ENE
LDA
BIT
BEA
J3R
EEQ
JER
BEG

JER
CMP
BPL
cHP
BEQ
CHP
BEQ
CHP
BEQ
CcMP
BER
cme
EBED
ASL
AL
REL
AIL
3TA
LD%
Loy
BNE
LI

ASL

ROL

TTA

Jme

ASL
ROL
ROL
DEX
BNE
BER

LDA
BNE

LIDA
TR
JMP

JER
JHP

JrpP

SCAND
START
#5041
SAD
STRRT
SCAND
TTYKE1
SCAND
TTYKE1L

GETKEY

@815
START
#$514
PCCMD
#$10
ADDRM
@311
DATAM
#3812
STEP
#5813
&0V

fA

A

]

A
TEMP
¢§04
MODE
ADDR

(POINTLI»Y

TEMP
A

(POINTL) » Y

DATARZ

A
POINTL
POINTH

DARTRL
DATAMZ

#3501
DATAM1
=500
mMODE
ZTART

INCPT
START

GOEXEC

GET CHRR

FOR KEY BORRD

IF A=0 NO KEY

DIEPLAY PC
ADDR MODE=1

DATA MODE=1
STEP
RUN

SHIFT CHAR INTO H1GH
ORDER NIBBLE

STORE IN TEMP

TEST MODE 1=ACDR
MGDE=0 DRTA

GET DATA

SHIFT CHRR

IHIFT DATA

3TORE OUT DATA

THIFT CHAR
SHIFT ADDR
SHIFT ADDR HI

0 4 TIMES
EXIT HERE
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CARD
712
1z
713
715
716
717
7132
719
7en
7a1
ree
ves
7ea
2%
=1
7er

7as

E=Y G U R I

& O -

oY IR R I VT, S I N R I N I Y A Y TR

Lac

1CTC
1CDE
1CED
1CE2
1CE4

1CEY
1CER
1CEC
1CEE
1CFO
1CFe

17F4
1CF7
1CF2

1CFE
1CFE
1DAD
[ Ri1GEs
1004
10032

10OE
100

1DoE
1011
1012
1ms
1013
1DiA
toic

11D

CODE

AT
55
2
25
4

EF
FA
Fiy
FE
4F

EE

iF

1F

1F

iF
1F

iF

1F

17
1E
1c

1F

CARD

T s an we ws we

[~ wn we -

ORD

LOADE

’

LoAD2

Lamnz?
LaADz

’
LORDEL
LOADER

w A aw e

DISPLAY PC BY MOVING
PC TO POINT

LDA
3TR
LDA
ETA
arP

FCL
POINTL
PCH
POINTH
START

LOAD PAPER TAPE FROM TTY

JIR
CHP
ENE
LDA
ITA
3TA

Jze
TR
JTR

ALk
ETA
JuR
AER
3TA
JER

THA
BE®

JER
TR
13R
1R
DE%
BNE
INX

Jsm
che
BNE
J3R
CHMP
BME

T¥A
BNME

L DX

LDR:

iTA
JER
JmP

JiR
LD%
EME

SETCH
#3328
LORD
w300
CHETLUM
CHKHI

BETEYT
THK

GETBYT
POTNTH
CHk
GETBYT
FOINMTL
CHK

LOAD

')

GETBYT
fPOINTLY s Y
CHEK

IHCFRT

LOADz2

BETEYT
CHEKHI

LORDEY
GETBYT
CHKEUM
LOADER

LOAD

#30C
#8527
ZBD
PRTET
ETART

GETBYT
#3511
LOADE

DUUMF TO TTY
FROM OFEN CELL ADDRESS
TO LIMHLsLIMHH

LOOK FOR FIRST CHAR
SMICOLON

SET BYVTE CHT
SAVE IM ¥ IMDEY
COMPUTE CHEELIM

GET RDDRESE HI

GET ADDRESS LO

IF \CHT=0 DONT
SET AMNY DATA

GET DATA
3TORE DATA

NEXT ADRDREZS

% DATA RECORD
x
C

=1
=0 LAST RECORD
OMPARE CHKSUM

¥=0 LAST RECORD
X-0FF KIM

DISABLE DATA IN

DUMMY
X-0FF ERR KIM

525



b26
CARD = LOC CODE
s
772 1042 A2 0N
773 144 B35 FE
Ta0 1048 35 F9
73t 1042 A 00
Tee 1DdR 35 Fé
723 1D4c 35 F7
7324
735 LD4E 20 ZF
TEe 1DS1 A 3B
fET 0 1DS3 20 AD
TEs 1DSE  AS FA
78% 1DS% CD F7
7a0 i1DTB S5 FB
Ta1 105D ED FS
TR 1DEN A0 i
4 1Dbee
S 1Ded
10T
LOERA
1Dl RS FA
10&F 20 3E
ITI7E A5 F7
1074 20 FE
tOF7 40 &9
1h7A AR 1S
1nes A

A0
E1l FA
ci 3B
=0 3
a2 &3
CA
oD FO
103 AS F&
1pas 20 2B
1D3E  AS F7
1D 20 3B
1DAND  EE& F3
{oRe Do 02
1DA4 E& F3
10AE 40 43
1oR* 20 CC
1oRC 20 2F
1OAF 20 1E
1DEE &0 9E
LDES A0 00
1DE7 Bl FA
1DE% 20 2B
{DEC 20 3E
1OBF 40 &4
10CE 20 &2
1005 40 AC
10os 95 F2

1E
1E

17

17

1E
IF
tF

1E

1E

1D

; 1F

1€
1€
1€

1E
1E
ic

1F

S § ]

DUMP A

-

TiMEg

5
DUMFE

pumez
IPACE
ZHOW

ZHOWL
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#5300

INL

IMNH CLEAR RECORD COUNT

#f00

CHKHI CLEAR CHKSUM

CHEKZLM

CRLF PRINT CR LF

4+$3E PRINT SMICOLOM

OUTCH

POINTL TEST POINT GT OR ET

EAL HI LIMIT &0 TO EXIT

POINTH

ERH

T4

SO0 ERINT LAST RECORD

FRETRYT 0 EYTER

AP

CRTEMT

CHEHT FRINT CHEZUM

FRTEYT FR LAET RECORD

CHE UM

FETEY

CLEAR

FLE SRIMT 24 BYTRE OHT
IAYE AT InDEY

FRTEYT

oHE

FRTFHT

B Ak EFRINT 24 EBYTES

CPOLIHTLY 7 SET DATH

SRTEYNT PRIMT DRTH

CHE COMP CHESLM

IMCFT IMCREMENT POINT

Timez

CHEHI PRINT CHKEUM

FRETEYT

CHE UM

FRTEYT

IML IMCREMENT RECORT CNHT

LUMPZ

INH

nurMPQ

OrFEN OFEN MEW CELL

CRLF FRIMNT CR LF

PRTPNT

AUTER PRT SPACE

«§00 PRINT DATA SPECIFIED

CPOTMTLY Y BY POINT AD = LDA £XT

ERTEYT

OuUTEP PRT EPACE

CLERR

IHCFPT OFENM NEXT CELL

SHOW

TPUSER
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CHET = LOC

S L O O I I IR R, B,

3
=
2
=
E)
=
2
2
=
&

1DCA
1DCE
1ocD
1DCE
1000
1071
1003
15674
16T
1BD=
1DTA

1DDE
1007
1DTF
1TE1
1DE3
1DES
1DEY
1TEZ
1LEE
1DED
1DEF
10F1
1OF=
10FS
10F7
1D0F3
1LFE

{BFE
101
1ED04

1€07
1E0S
1E0=
1E0C
1E0:
1811
1E12

1e15
1517
113
1ELE

1E1E
1EZ0
1E2=
1E2%
1EEE
1EZE
1EZE

COnE

-]

D=

ce

P O R o

ool

FE
FA
Fi
F4

FS

Fz

T EV

FA
ni

nz

T
I

cE

1c
1D
1c

1D

10

1E

iF

1E
iF

AR

oy

AN

L]

T
DuMpPY
LORDY
§

FEED

FEET1
H

MODIFY

RTFNT

- an as aw

THS
LDA
PHA
LOA
PHA
LDA
PHA
LD
Loy
LoA
RTI

cHMP
BEQ
CMF
RERQ
[y iy
BEQ
omMP
BER
ChP
EED
cMP
REQ
CMP
RER
ZMF
RER
JMpP

Jme
JMe
AMpP

ZEC
L0A
FBC
TR
ECE
DEC
JMF

LD
LoA
=TA
ICE

EMD OF MAIM LIME

FOINTH
POINTL
PREG

HREG
YREG
ACC

#3820
IPACE
s37F
TV
#3500
RTRN
#$0A
FEED

s

MODIFY

s
&

GOEXEC

FOINTL
#3801
POINTL
FEED1
FOINTH
THOW

#5300
INL

PROGRAM RUNS FROM
OPEM CELL ADDRESS

REITORE FEGS

OFEM CELL

RUEB QUT <kEIM>

NEXT CELL

FREY CELL

MODIFY CELL

B0 EXEC

DuMe FROM DFEN CELL TO MI
LOAD TRAPE

IGHAORE ILLEGARL CHAR

DEC DOUBLE EYTE
AT SOINTL AND POINTH

GET COMTEMTE 0OF INFUT BUFF
INL AMD EZTIR IM LOC

TPOTHTLY » Y TPECIFIED BY POINT

RTEN

FUBROUTIMES FOLLOMW

SUE TO PRINMT POIMTL»POINTH

M e s
B L = R QT e}

N[ D

FOINTH
FRTBYT
CHK
FOIMTL
FRTEYT
CHK

PRINT ZTRING
TaP+x TO TOP

oF

ASCII CHAR FROM

LIMIT
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CART
NS
BT
=
Hit
e
M
G914

ER N

"
—-

R

Lac

1EEF
1EZ1
1EZ4
1E3V
1EZ2
1E2A

M I

DO TN N )

- v e e
MM M mm N mm
b

T: T (T
O L R

20

Ti

BT

178 AL

-
4

EE A N LU < ]
P=T0% Clts LR BN

wr I
T

PO (R e )
Moo Mo

CODE
v
s
A0

Fe

[IB%
FF

an
41
3F
43

1F
1E

1€
1E

1E

17

1E
1E
17

1E

17

17

CARD
CRLF
PRTST

GETS
BETE

.

n
1%
LI
=T

(21201
(a1~
B
Tl
qnic
ALC
e

SET L

Microcomputer Systems Principles

#E07
TOF s &
QuTCH

PRTET STOP ON INDEX ZERD

1 HEX EYTE A3 TWO AICII CHAR'E

TEMP

A THIFT CHAR RIBHT 4 BITE
q

A

]

HEXTH COMYERT TO HEX AND FRIMT
TEMF SET JTHER H&LF

HESTH COMYERT T HEX AND FRINT
TEMF RESTARE BYTE IN A AND RETLREM
sFOF MEsy WD 4 BITE

s> 1=}

ALEHA HE
UEC HES
T SEINMT CHAG

CHES S TTY

SETUMN FOrM R WITH CHER IN &

[ )
]
BIT
BHE
EMI
Jze
JER
LDA
AND
LER
arA
=TH
JER
DE®
EHE
JER

LD
LTA
rOL
LEF
RTE

BWED ANMDE Y RETURNED = FF

HEOL

IAD

GETE

GET1 WRIT FOF START EIT
DELAY DELAY 1 BIT

DEHALF DELRY 1-2 BIT TIME
IAD GET & BITE

=30 MASK QFF LOW ORDER BITS
CHAR SHIFT RIGHT CHARACTER
CHAR .
CHAR

DELAY DELAY 1 EIT TIME
GETE GET MEXT CHAR

DEHARLF EXIT THIE RTH

THMPY

CHAR

A SHIFT OFF PARRITY

H

INITIALIZATION FOR ZIGMA

LI

w01 $ET KB WMODE TO AUDR
MODE
#E00
FAOT FOR SIGMA USE SADD
#§IF
FEDT FOR SIGMA USE SBOD
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Lac
1E35
122
1E3E
1E3C
1E9D

1E3%
1ERTD
1ERAS
1EA4
1ER?
LEAA
1ERC
LERF
1EBS
1EE4
1EB?
LEB?
1ERE
1EETD
1ECT
1ECT
1EC4
1ECR
1ECH
1ECE
1ECE
1ED1
103

LETI4
1EDV
10~
LETT
1ETE
1EED
1EES
1EES
1EES
1EER

1EEE
1EEE
1EF1
1EF4
LEFS
1EFS
1EFA
1EFI

45

St o o

[ R S TRV G- (i I TRV )

o T

Hi

42

=]
FE
FD
4
42
FE
4
D4
na
42
FE
FE
i
42
ca

EE
42
3]
42
T4
FT

T4
Fa

1
nz
F4q
Fq
Fz

[~]
o]

1E
17

17
i

17

i7
LE

|
1E

17
1ie
17

v s pe me m

CARD
LD
ETw
cL
FEL
RTZ

#3507 ENABLE DRTA IN
TRD QUTPUT

FRINT 1 CHAR CHAR=A
¥ I3 PRESERYED Y RETURNED = FF

auTsP

QuTzF  LIDA
QuTCH <TA

T
3R
TR
AMD
ZTA
JER
LD

ouTy LDA

AMD
LR
Juc
ITH
R~
OEX
EHE
DA
xR

FRINTZ 1 IPRACE

sge0

CHAR

THPX

DELRY 10-11 BIT CODE SYNC
: ITRART BIT

#3038

“BD DATA EBIT
HEFE

CHAR

#3500

TR

OELRAY

auT1

ZED ITOF BIT

EE01

ZBD

DELAY ETOP BIT

THF% REZTORE IMDEX

DElLRY 1| BIT TIME

DETERMENMD BY DETCPE

CHTHZO THIZ LIOP ZIMULATES THE
TIMH DETCES TECTION AMOD WILL DELAY
CHTLZN 1 BIT TIME

w0l
DEZ
TIMH
TIMH
DEc

DELAY HALF BIT TIME
CHTHEO DOUBLE RIGHT THIFT OF DELAY
TIMH COMTTANT FOR A DIV BY 2
CHTLZ0
L]
TIMH
TEZ
wE20
DE4

T3 DETERMINE [F KEY IZ

DEPREIZIED OR COMDITION OF I

AT
DELAY DA
STH
DA
LEZ
TE4
neC
U] Ly
EFL
RTS
3
H
DEHALF
i SUB
;
:
H
H
Ak LI

EEY MOT DEP OrR TTY MODE A =0
KEY DEFP OR KE MODE A NOT ZEROD

E2 31k I ROMS



EC N 7 [

1040
101
1042
1043
1044
1045
104e
1047
1042
1043
1050
1051
1Sz
10s3
1054

1041
1052
1053
1054
1055
1065
1067
1058
103
1070
171
1072
107z
1074
1075
1078
1077
1073
10672
10z0
1621
1022
14232
1034

1083
1023
10340
1031
1032
1023
1044
1035

1101
1182

1F0n

1Fnz
1F 04
1IF 07
1F s
1F 0%
1F0C
iFOD

iF0OF
1F11

1F14
1F1%
1F12

1F13
1F1E
1F1D
1F1F
1Fel

1F 24
1Fes

1Faz
1FER
1Fec
1F2D
1F2E
1FeF
1F28
1F3S
1F 57
1F 2R
1F 3B
1E 3D
1F40
1F42
1F4s

1F43
1F4R
1F4E
1FaE
1F50
1F52
1FSe

1F 55
1FSE
1FSC

1FSE
1FSF
1F&ED
1F62

COTE

an

HZ
AD

B2
4R
4R
4R
4R
20
B2
23
20
a8
oo
ZE
HY
a0
4c

34
A3

aC

on

01

ny
a2

20

na
FA
Fa

41

o9

F3

43
F3
oF
42

EER
42
0o
41
FE

E?
an
40
42
41

TF

Fo

17

iF
0o

iF

17

17
1E

iF

17
17
17

CARD

OMEXEY
Ak 1

-

) mn we s

SCAMD

@
0

SOANDE

H
SCANDL

) e s A e

onvD

i
CONYD1

s
L
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LDH #301 TIGIT 0

LTA #3FF

ETH ZED OUTPUT TIGIT
IM: GET NYT DIGIT
IM%

AHD ZAD INPLIT ZESMENTS
DEY

EME REL

LDY 2F07

TV TED

OrRA i =31

EOR #EFF

RTS

TUB  OUTPUT TO 7 SEGMENT DIZFLAY

Loy EER A ] GET DATA SPECIFIED
[ ] CFQIMTLY s %Y BY POINT

TR IMH SET UFP DITFLAY EUFFER
LDR #E7F CHAMGE SEG

STA PADD TO DUTPUT

LD +EO03 INIT DISIT NJUMRER
Loy #E03 OUTPUT 3 EYTES

LDA IMLsY GET EYTE

LEIR A GET MSDr

L3R [}

LIR A

LER ]

IR COMw D
LDA IHLsY

OUTPUT CHRR
GET BYTE AGRIMN

HMD  #EOF SET LD

JIR  COMYD CUTPLIT CHAR

TEY TET UF FOR NxT BYTE
EME  TOANDI

3T®  ZED ALL DIGITS OFF

LDR  =E00 CHANGE ZEG

TR PADD TO INPLTS

e Ak SET ANY KEY

COMVERT AMD DISPLAY HEX
USED BY SCAND ONLY

STY  TEMP SAVE Y
TAY USE CHAR AT INDEX
LDA  THBLE,Y LOOK UFP CONVERSION

Loy s%00 TURN OFF SEGMENTS
1Y TAD

ST SED QuUTPUT DIGIT ENABLE
=TA SAD QuT PUT SEGMENTS

Loy #37F
DEY
BNE CONYDL

DELAY 500 CYCLES APPROX.

M GET MEXT DIGIT HNUM
IMY ADD 2

LDY TEMP RESTORE ¥

RIS

SUR TO INCREMEMT POINT.
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CARD ¢ LOC CODE CARD
1162 ]
1104 1Fé3X E& FR INCPT INC POINTL
1105 1FeS DO 02 ENE INCPTZ
110 1FE7 ES FB INC POIMTH
a0 INCFT2 RTS
.
H GET KEY FROM KEY EBORRT
i RETURM WITH A=KEY YRLUE
H A GT. 15 THEM ILLEGAL DR NO KEY
H
b}
1FER Az 21 GETKEY LI #8521 TTART AT DIGIT o
1F&C A0 01 GETKES LDY #3501 GET 1 ROW
IFEE 20 02 IF JER ONEKEY
1F7t D0 47 BNE FEYIN A=0 HO KEY
IF72 €0 &7 TP wge7v TEET FOR DIGT 2
1FFS DO FS BHE GETKES
1FP7 A9 15 LDA +$15 15=HO KEY
1FF2 &N RTZ
tFPA RO FF KEYIN LIY HEFF
IF7C  0A KEYIML ASL A SHIFT LEFT
1F7D BO 0= BCE FEYIN2 UNTIL Y=KEY HUM
IFFF 2 I
1FED 10 FA BFL KEYIN1
1F82 =R KEYINZ TXA
1F27 29 OF AMD #B0OF MASKE MSD
1IFE5 4R LER A oIy BY 2
1F2E A& THX
1FE7 23 TYA
tFas 10 03 EFPL KEYIN4
1FER 1% KEYINZ CLC
1FEE €3 07 ADC #5077 MULT c¥=1» TIMES A
LFED CA KE% IM4 DE%
IFEE DO FA EHE KEYIN3
IF50 &0 RTZ
’
H ZUBR TO COMPUTE CHECK UM
’
1F91 12 CHE . CLC
1F9g &S F7 AT CHE UM
1F34 2% F7 TR CHKZLIM
1F95  AS Fe [ ] CHKHI
{F32 &3 an ATC sEO0
1F3R 29 Fg TR CHKHI
1Fag &0 RTZ
H GET & HEX CHARI AND PRCK
H IMTOD INL AND INH
H ¥ PREIZERYELD ¥ RETURMED = 0
: HOM HEX CHA® WILL BE LOARLED AT MEAREST HEX EQU
1F30 &0 SR LE GETEYT SETCH
1FARO &0 AC LF PRICK
1FAZ 20 SA E GETCH
IFAE 20 ARC (F FACE
1FA3 AS FZ L
1FAE 50
H IHIFT CHAR IM A INTO
i IHL AMD IHH
IFRC 3 Z20 FACK CHF ER Y] CHECK FOR HEY
IFRE 20 LE EMI UEIATE
1FEG <3 47 P #1447 MOT HEX EXIT
IFEE 10 17 EPL UFDATZ
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THRD u LOC cane CARD
IFB4 C9 40 HEXMijR CHMP #1400 COMYERT TO HE
1FBE 20 032 EMI UFDARTE
1FE2 12 HEXALF LD
1FES &9 0% ADC RO
1IFBE 2R UFDATE ROL A
{FBC 2A ROL A
tFED 2A RO A
IFEE ZA ROL A
1FEF  AD 04 LD #1043 THIFT IMTQ I-0 BUFFER
1FC1  2A UFDATL ROL L]
1FZ2 2& F% ROL 1L
1FC4 26 F39 FOL IriH
1FCE 58 DEY
1FC? DO F3 EME UPTARTL
1FCY A3 00 oA #E00 A=0 IF HEX HUM
tFCE 20 UPDATZ &TE
E]
1FCC AT F2 OPEM LDA InL MOWE I-0 BUFFER TO POINT
iFCE 25 FA ITA FOINTL
tFDp AS F9 LDA IMH TRANZFER INH- POINTH
tFD2 25 FEH TR FOINTH
1FDa3 &0 RTS
H
H
i END OF TUEBROUTINEE
H
H THELES
H
1IFDS (0 TOF VEYTE B004500: 500,500, $00:8005$0A, 30Dy "MIKS
LFDE 00
iFD7 00
1FDE 00
1FDS 00
1FDA 00
IFODE A
tFDC 0D
1FID 40 42 4B
1IFEQX 20 LBYTE 7 ‘2313, "RREZ 7 "2 8132
1FE1 13
1FEEZ 52 52 45
IFES 20
IFES 13
5 TABLE HEX TO 7 ZEGMENT
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