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1.0 General Description

A special F3856 PSU with a Keyboard Display Monitor (KDM) and a Debug monitor(KD-BUG) hasbeen
developed by Fairchild to provide the F8 user with a convenient and powerful programming debug facility
to aid in the development of F8 programs. The debugging portion of the program (FAIR-BUG) provides
the user with an interactive system via a teletype terminal. The KDM segment provides a simple
alternative to an expensive terminal. FAIR-BUG and KDM will be discussed as separate subjects.

The KD-BUG PSU is assigned memory addresses ‘8000-'87FF’, with entry point being ‘8080’. The port
assignments are as follows:

1/0 Port A— ‘08’
1/0 Port B— '09’
Local Int. Control — '0A’
Timer — ‘0B’

The Interrupt address vector for the timer is ‘0024’ and for an External Interrupt is ‘00A4".

1.1 Electrical Specifications
The dc and ac electrical characteristics of the F3856 PSU are, since this is just a standard PSU with a
special program on it, identical to those described in the F3856 PSU data sheet.

2.0 FAIR-BUG Overview
FAIR-BUG provides the following capabilities:

Display or Alter Memory Locations

Display or Alter Scratchpad Registers

Display or Alter 1/0 Ports

Display or Alter Accumulator, ISAR, Status (W Register)
Display or Alter PCO, DCO, DCH1

Load Formatted Paper Tape (FAIR-BUG or Formulator Format)
Punch Formatted Paper Tape (Formulator Format)

Punch Paper Tape in PROM Format (4-Bit or 8-Bit Binary Format)
Entry from Keyboard or by Program Instruction

I/0 Subroutines Available to User

Breakpoint

Block Memory Move

Hexadecimal Arithmetic

FAIR-BUG can be entered in several ways. Execution of program instructions such as Pl ‘8080’; JMP
‘8080"; LR PO, Q, or PK (Q or K contains‘8080’) can be used to achieve entry from another software
module. Another technique is to use hardware to decode the RESET state on the ROMC lines and force
the high order bit on the Data Bus to a '1’ at this time.

FAIR-BUG will save the state of the machine upon entry and will restore it upon return to the users
program. Register 8 and PC1 are destroyed by FAIR-BUG; however, under program control the user can
save and restore these if necessary. The save area utilized by FAIR-BUG is scratchpad registers 3C to 3F
and also the last 26 bytes of user RAM. FAIR-BUG tests locations BDF-BFF and if there is RAM there, it
uses these locations for its save area; if it finds that these locations are not RAM, itassumes that locations
3DF-3FF of user memory are RAM and thus uses these locations forits save area. The interruptis disabled
by FAIR-BUG and may be re-enabled by the user if desired.



Two 1/0 ports (8 and 9) are available to the user when FAIR-BUG is not executing, as is the Timer and
External Interrupt facilities (FAIR-BUG does not use either of these). During FAIR-BUG execution Port 8
is used for serial input/output and control functions while Port 9 is used for parallel input from a
high-speed paper tape reader. Assignments for Port 8 are: (1 = GND, 0 =+5 V).

it Function
Serial input (0 Volts = MARK)
Character Ready Input (Parallel Device) (+5 V = READY)
Enter Key/Display Monitor
Device Ready Input (Parallel Device) (+5 V = READY)
Step Reader Output (Parallel Device) (0 Volts = Step)
-1 Bit 2 Bit 1 Baud Rate
0 0 110 Baud for Serial Input/Output
0 1 300 Baud for Serial Input/Output
1 0 1200 Baud for Serial Input/Output
1 1 Baud Delay Counter in Memory Loc. 3FF (or BFF)
0 Serial Output (0 Volts = MARK)

NWAOoOoOSN

If Port 9 is not utilized by FAIR-BUG, then Pins 3, 4,and 6 of Port 8 are also available to the user. If Port 9is
used for parallel input, the parallel input data should have logic 1’ correspond to +5 V electrical level.

Bits 1 and 2 of Port 8 are examined when FAIR-BUG is entered to initialize the Baud Delay Counter. If Bits
2 and 3 are at ground so that the Baud Delay countis being obtained from memory location 3FF (or BFF),
then the total delay count (time between bits for a bit serial I/O device) can be adjusted as follows:

Bit time interval = (256 - count) « 36 us + 55 us (® = 2 MHz)
Thus, 110 Baud requires a count of 06
300 Baud requires a count of A4
1200 Baud requires a count of EA

2.1 FAIR-BUG Commands

When FAIR-BUG is entered a prompt character (?) is sent to the output device. The user then has the
option of using any of the debug commands. After each DEBUG execution the user is again prompted
with (?). All data and input parameters are in hexadecimal notation. (C/R) following a command indicates
a carriage return.

COMMAND TYPE COMMAND FUNCTION

Display A (C/R) Display the contents of the Accumulator
DO (C/R) Display the contents of DCO
D1(C/R) Display the contents of DC1
I (C/R) Display the contents of ISAR
M XXXX (C/R) Display Memory Location XXXX
M XXXX-YYYY (C/R) Display Memory Location XXXX to YYYY
O XX (C/R) Display Port XX Data
PO (C/R) Display the contents of PCO
R XX (C/R) Display the contents of Register XX
R XX-YY (C/R) Display the contents of Registers XX to YY
S (C/R) Display the contents of W Register, status
W (C/R) Display the contents of W Register, status
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COMMAND TYPE COMMAND FUNCTION (Continued)
Change C XX (C/R) (C/R) Change the previously displayed memory location or port or
register to XX
C XX (C/R) YY (C/R)...Change the sequential registers or memory locations

(C/R) (C/R) to XX, YY...
C XXXX (C/R) (C/R) Change the previously displayed PC or DC to XXXX
Examine E (C/R) Display the last addressed register or memory location
or port
Next N (C/R) Display the next register or memory location or port
Load L (C/R) Load formatted object paper tape. If (CK) prints, then
checksum error has occurred on block last read
H (C/R) Load formatted object paper tape from high-speed reader
Hexadecimal X aaaa * bbbb = Add or subtract value bbbb from value aaaa
Block Move M dddd (C/R) Move memory block starting at ssss and ending at address
V ssss-eeee (C/R) eeee to memory destination address dddd
Punch B XXXX-YYYY-Z Binary Punch PROM format; XXXX is starting page address

and YYYY is ending page address. Z is number of bytes per
block; 0 = 256, 1 = 512. To Punch 0 to BFF then enter
B0-C00-0. 4-bit wide data.

J XXXX-YYYY-Z Same as B, except 8-bit wide data.

F XXXX-YYYY (C/R) Formatted punch for future load, Formulator format.
Go To G (C/R) Go to address of PCO

G AAAA (C/R) Change PCO to address AAAA, then go to AAAA and

continue execution

Delete Command [ Delete command and start a new command input string
Breakpoint UAAAA (C/R) Set breakpoint (PK instruction) at address AAAA.

T(C/R) Clear breakpoint, restore user instruction.

NOTE: Clear Breakpoint must be issued priortoany |O portdisplay or change commands or else instruction at AAAA will be incorrect.

2.2 FAIR-BUG Command Usage

A brief study of Appendix B will assist the reader in understanding FAIR-BUG command utilization. From
these examples many advantages over console debugging are quite apparent. Firstand mostimportant a
history is recorded of the steps taken and the results displayed. Second is the accessability of the
scratchpad registers as well as the other working registers of the system. Third isthe simple access from
the console to FAIR-BUG to the user.

One advantage that is not so apparent is that when a user wishes to end a debug session the user may
save his modified program by punching the memory using the F command. In a subsequent debug
session he may then load this “updated” program and continue to debug. If program patches were
extensive much time and effort is saved. Of course the program may be re-assembled after editing the
changes in order to obtain an updated program.

Another advantage and also not so apparentis the fact that Keyboard input is much lesserror prone. If the
user uses a little care and examines his keyed input prior to the carriage return he can almost totally
eliminate key-in errors. In addition, a debug session achieves more results in a quicker time.

2.3 FAIR-BUG Input/Output

The FAIR-BUG input/output routines assume that Port 8 of the PSU is available and is configured as
shown in Appendix A. In order to communicate with FAIR-BUG an 11-bit serial type device such as a
Teletype ASR 33 or compatible type TTY or CRT isrequired. FAIR-BUG has options to vary the Baud Rate
by changing the counters for delay loops between bits. The timer is not utilized so the useris not deprived
of this valuable resource. The counter value for 110 Baud is six which counts by incrementing an 8-bit
register until zero; the six gives aloop count of 250. For 300 Baud the counter isinitially H'A4’ giving aloop



count of H'5C’ or 92 decimal. Other Baud Rates can be achieved by modifying the counter. These counts
assumed a system clock of 2 MHz. For a faster clock, the counter must be changed to produce more delay
loops, while fora slower clock the counter must be changed to produce less delay loops. Thisis due to the
fact that each instruction time will change and the total loop time will change while the device speed is
always constant.

When the Baud Rate is not set to default to either 110 or 300 or 1200 then the Baud Rate must be put into
RAM location H'BFF’ or if this location is a PROM address then into RAM location H'3FF’.

2.4 Load from Parallel Input Device

The loader in FAIR-BUG can load from either a teletype or from a parallel source. The usual parallel
source would be a high-speed paper tape reader which reads 100 to 300 characters per second. The
parallel device is controlled using a “handshaking” protocol. The handshaking eliminates synchronizing
problems because it forces the device to wait for the microprocessor and forces the microprocessor to
wait for the device.

Depress HALT switch

[ Set switch to enter FAIR-BUG I

Parallel N [Toad Paper Tape
Option? | in TTY Reader

Y

Load Paper Tape
in Parallel reader

P
=<

Depress Reset
switch
Prompt (?) has been

typed on TTY

Key in L C/R for TTY or CR
H C/R for High Speed Reader

Put RDR
On

(Tape will read in
and store )

Error on tape read
prior data block
START OVER

Error on tape
START OVER

Load Complete

FIGURE 1
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FAIR-BUG parallel read routine examines DEVICE READY and waits for the ready signal, it then looks
for Character Ready and delays 100 us after detecting the ready, then it reads a character before the out-
put of Step Reader. This sequence is repeated for each character. Only the formats shown in Appendix C
can be read by FAIR-BUG with the Load command. However, the user may use the subroutine PINP to
read other formats. Bits 1-2 are examined when FAIR-BUG is entered to initialize the baud delay counter.
See Appendix A for the I/O port pin assignments. The flow chart in Figure 1 indicates the steps necessary
to load a paper tape program formatted as shown in Appendix C.

2.5 FAIR-BUG Subroutines
I/0 Subroutines on the FAIR-BUG PSU are available tothe user. These are listed below and documented

in Appendix E.

ENTRY
NAME ADDRESS FUNCTION

TTYI 8553 Input 1 byte from TTY type device (11 bits serial/character)
TTYO 8593 Output 1 byte to TTY type device (11 bits serial/character)

TTCR 8578 Output CR, LF, & 4 Null characters using TTY1 subroutine

PINP 853D Input 1 byte from the parallel IP device (150usec minimum delay
between characters)

FOP1 811B Output 1 or 2 hexidecimal digits in ASCII format from a memory
location.

FOP2 811D Output 1 or 2 hexidecimal digits in ASCII format from register QL.

BYTE 8515 Input 2 ASCII digits from a parallel or serial IP device; then convert them

to one hexidecimal byte

2.6 Programming Examples
The following program linkages to FAIR-BUG are cited as examples as how to utilize FAIR-BUG as a
“snap shot” display or breakpoint vehicle.

There are two general ways to enter FAIR-BUG; either through programmed instructions, or by manual
intervention from the console. The manual entry is normally used for the following situations:

For initial program loading

For program punch and save

To start tracing a runaway program

To display or take further action following a BR#

The procedure to manually enter FAIR-BUG is to HALT, set DEBUG switch, push RESTART, then
respond to prompt (?) with desired commands.

Programmed entry to FAIR-BUG can be achieved by building trace routines into the source program
prior to assembly or else by patching the object program after loading it. In either case the following
instructions provide the necessary linkage.



JMP H’8080 This is a 3 byte instruction that destroys the accumulator and does not
save the program counter.

Pl H’8080’ This is a 3 byte instruction that destroys the accumulator and pushes the
program counter (PCO0) to the stack (PC1).

LR P0,Q This is a 1 byte instruction that does not destroy the accumulator and
does not save the program counter.

PK This is a 1 byte instruction that does not destroy the accumulator and
pushes the program counter (PCO) to the stack (PC1)

These instructions are explained in detail in the F8 USERS GUIDE. It should be noted that all except the
Pl are priviledged instructions and that an interrupt cannot be serviced following these instructions.
Furthermore, the first instruction executed at H'8080’ is a disable interrupt which inhibits interrupts until
an Enable instruction is issued.

Examination of these instructions discloses that the PK instruction is the most desirable to use sinceitis 1
byte, saves the accumulator, and saves the PCO; however, it does require the K register (R12and R13) be
preset. If K is not used in the program being tested this is an ideal instruction. A recommended procedure
is to code into the users program at location 0 the following instructions:

LI H'80’ LI H'80’
LR KU, A or!{ LRQU, A
LR KL, A LRQL, A

If one of the above housekeeping procedures are used patching the user’s program for tracing or display
purpose becomes an easier proposition. Instead of using a 2 byte BR* or 3 byte JMP or Pl the simpler PK
or LR P0,Q may be used and the prompt(?) willindicate thata desired point has been reached. Display of
PC1 will then determine which (if more than one) of the trace points has been reached. The disadvantage
of using PK or Pl is thatthe object program PC1 has been lost. If this is detrimental for a particular section
of code being debugged the JMP or LR P0,Q instructions are available.

It can be noted that the options are numerous and the user must decide for himself which one or which
combination is most desirable for his purpose.

It is suggested that the user try a small program as shown in Appendix B and utilize all the options of
FAIR-BUG until he feels confidentthat he understands all the options. This will save much time and effort
in future debug sessions.

3.0 Keyboard and Display Monitor (KDM)

The Keyboard and Display Monitor (KDM) is a program that allows the use of a keyboard and display unit
in conjunction with any F8 kit or microprocessor system that has I/O Ports 0 and 1 for use by the KDM.
The keyboard and display are shown below and the schematic diagram in Appendix F.

The resetto FAIR-BUG switch enters a save routine which saves PC0, DC0,DC1,ACC,R0-R7,and R9-R15
in RAM as shown in Appendix A. After the save, Port 8 bit 5 is examined. If this pin is tied to Vss then
control goes to KDM. If this pin is left open then the FAIR-BUG monitor is in control.



KDM can now display or change any of the saved values or any other part of RAM memory. To restore
these registers, prior to continuing execution of a program, the restore and continue subroutine must be
executed. This is done by goto H'80E7’. The ISAR and status register will be destroyed. R16-R47 (decimal
notation) will be unaltered.

ADDRESS DATA
A
-~ N @800 @O0®® <«———LEDS (BINARY)
1 F 2 c D A |<€&———7 SEGMENT DISPLAYS (HEX)
MOVE
3 7 B F uP CLEAR
2 6 A E 1A GO
& KEYBOARD
ST
1 5 9 D | ENTR | viopE
MOVE
()} 4 8 c DA DOWN

3.1 Keyboard Instructions

0-9 and A-F Keys: When KDM is first entered the system will be in the addressing mode with zeros in the
address display and the contents of memory location H'0000’ in the data display. Use of any of these keys
when in the addressing mode will cause the corresponding hex digit to be entered into the address
display.

The data display will show the contents of the address being displayed. A maximum of four digits can be
entered. If the system is in the store mode (see store mode key), then a maximum of two digits can be
entered into the data display.

Store Mode Key

This key will cause the system to change from addressing mode to store mode or from store mode to
addressing mode. When the system is in store mode the decimal pointto the right of the right most display
digit will be lit.

Enter Key

When in addressing mode this key will terminate digit entry so that a new address can be entered, if
desired. When in store mode this key will cause the digits that were entered into the data display from the
keyboard to be stored in the memory location indicated by the address display. The address display will
then be automatically incremented by one.

Increment Address Key

Each depression of this key will increment the address display by one. If held down for more than 1.5
seconds the address display will increment continuously. This key will operate in both addressing and
store modes.



Decrement Address Key
Similar to increment key except that the address will be decremented.

Move Up Key

This key will operate in store mode only. It will cause the contents of all memory locations between the
presently addressed location and the next higher XXFF location to be moved one memory location higher
in address. The previous contents of the location just after XXFF will be lost. ANOP(2B) will beinserted in
the presently addressed location.

Move Down Key

This key will operate in store mode only. It will cause the contents of all memory locations between the
presently addressed location plus one and the next higher XX00 location to be moved one memory
location lower in address. The previous contents of the presently addressed location will be lost.

Go Key
This key will cause a jump to the memory location contained in the address display.

Clear Key
This key allows for the clearance of any hex digitentries that have not yet been followed by afunction key.

Reset Key

If the toggle switch is in run position, this key will cause a jump to “0000” address. If the toggle switchisin
the debug position, the reset will cause ajump to the beginning of the FAIR-BUG program and the state of
the machine will be saved according to the rules of FAIR-BUG. At this point Bit 5 of the Port 8 (Pin 36 of
the F3856) is examined. If itisfound to be at Vss the program will jump to the KDM program. Otherwise, it
will stay in FAIR-BUG.

3.2 Subroutines
There are three subroutines in the KDM program that can be utilized by a user’s program:

Keyboard Read (Scan)
Display (Disp)
Song Generation (Song)

Scan
A subroutine that allows the user to use the keyboard as input device is available at address H'8731’. The
following sequence of instructions is a suggested way of using the subroutine:

KDB Pl H'8731’

LI HFF

XS 0

BNZ KBD BRANCH IF KEY STILL DOWN
LOOP Pl H'8731’

LI H'FF

XS 0

BZ LOOP BRANCH IF NO KEYS

The above routine assures that a key has been released before accepting a new key. An H'FF’ in register 0
indicates that no key was detected. Otherwise register 0 will contain a number corresponding to the keys
in the following manner:



KEY REG 0

0-F 0-F
DA 10
ENT 11
IA 12
MOVE UP 13
MOVE DOWN 14
STM 15
GO 16
CLEAR 17
NO KEY FF

The registers used by this subroutine are PC1, R0, R12, R13 and R48-R63. This subroutine also uses the
display subroutine which takes the right hand four bit digits from R48-R53 and outputs them to the
display, MSD to LSD respectively.

Disp
The display routine will display the six digits located in R48-R53.

ADDRESS: H'8799’
ENTER: R48-R53 (0’60’-0’65') DATA TO DISPLAY
EXIT: R54-R55 (0O'66’-'0O67") DESTROYED

Song
A song generation subroutine can be utilized which outputs and audio signal (square wave) on Bit 6 of
Port 8.

Load the note time value -and pitch constants into memory in the following format:

DATA DC TIME VALUE CONSTANT (1)

DC PITCH CONSTANT (1)

DC TIME VALUE CONSTANT (n)

DC PITGH CONSTANT (n)

DC 0
ADDRESS: H'87BE’
ENTER: R7 TEMPO VALUE

DCO START OF DATA VALUES

EXIT: R1-R9 DESTROYED



PITCH VALUES

TEMPO VALUES

HEX CONSTANT d PER MINUTE REGISTER 7 CONSTANT
REST 7F Zg g
G, 7E 5 "
G# 77 50 3
N 70 120 2
i oA 240 1
B, 64
c 5E
C# 58
D 53
D# 4D
E 49
F 46
Fi 42
G 3E
G# 3A
A 37
A# 33
B 30 TIME VALUE
c 2D
C'# 2A Time Value of Hex
D’ 28 Note or Rest Constant
D'# 25
E 23 0 20
F 22 d. 18
F# 20 d 10
¢ 1E d. c
G'# 1C y 8
A 1A J 6
A'# 18 & 4
B 17 & 3
C2 16 f 2
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APPENDIX A
FAIR-BUG PORTS ASSIGNMENT AND MEMORY UTILIZATION

ASSIGNMENTS FOR PORT 8 ASSIGNMENTS FOR PORT 9

Bit Function Bit Function

7 Serial input 7 Parallel input byte — MSB
6 Character Ready (Parallel Device) 6 Parallel input byte
5 Enter Key/Display Monitor 5 Parallel input byte
4 Device Ready (Parallel Device) 4 Parallel input byte
3 Step Reader (Parallel Device) 3 Parallel input byte
2 Parallel input byte
( bit 2 | bit 1] Baud Rate 1 Parallel input byte

0 | 110 baud 0 Parallel input byte — LSB

1 300 baud

0 | 1200 baud

1 Baud delay counter in
memory at “3FF” or “BFF”

0
0
1
1

kNote: 0=+45;1=GND,0V.
0 Serial Output

MAP OF FAIR-BUG MEMORY USE

RAM

Address

0XD8 Work 1
0XCO0 Work 2 Work 3 Work 3 Work 4 Work 5 Work 7 Work 8 PCOy
OXE8 PCOL PC1u PC1L DCOu DCOL DC1u DC1L RO

0XFO R1 R2 R3 R4 R5 R6 R7 ACC

O0XF8 R9 R10 R11 R12 R13 R14 R15 Baud Optn

NOTE: X=Bor3. If H'BEB' is RAM then H'BDF’ to H'BFF’ will be used as save area.
If H'BEB' is not RAM then H'3DF’ to H'3FF’ will be used as the save area.

NOTE: Work 1-8 is used to save:
1. Breakpoint address and user instruction.
2. Sequence of instructions to execute Outs, Out, Ins, or In sequence for Port Display or Change.

MAP OF FAIR-BUG SCRATCHPAD USE

Scratchpad
Address

3C-3F | Work A | Status | Work B | ISAR

NOTE: Work A & B are used during the entry and exit routines of FAIRBUG when saving or restoring the
state of the user’s program.

A1l



APPENDIX B
FAIR-BUG EXAMPLE 1

MO0

92:A()7%OFC_FR?C()CR) Store a Program to Set

’;NMOOO1 =91 Scratchpad to 0-3F. Note two methods to store
2CoB (CR) (CR) data in memory. The same
2NMO0002 = 00 may be done with

2¢ 5C (CR) (CR) > LOOP LIS 0 registers also.

?NMO0003 = DD LR IS, A

?C 1F (CR) (CR) LR S,A

?NM0004 = 04 INC

2C25 (CR) 3F (CR) 94 (CR) (CR) Cl H'3F

?CF9 (CR) 29 (CR) 80 (CR) (CR) BNZ LOOP

2C80 (CR) (CR) J JMP H'8080’

?MO-A

M0000 = 70 0B 5C 1F 25 3F 94 F9 } Display Program

M0008 = 29 80 80 DO 00 10 00 91
?R0-3F

RO000 = A4 FF 09 FF 00 00 FF 00 3\
RO008 = 83 OA 00 FF 81 97 03 FF
R0O010 0C 20 13 00 1E 00 BF 00
R0018 = 9D 40 7D 01 DD 17 55 00 > Display Scratchpad
R0020 = B7 F7 7F A2 FF OE FF 22 Before Execution
R0028 = FF 76 FF 3C FF CE 5F 20
R0O030= 18 04 02 00 D9 04 7F 00
RO0O38= 75 01 57 4A OF OA OA FF /
?2G0 Go to loc 0 to Execute
(Program loop err.) Manual reset to FAIR-BUG

M7

MO0007 = F9

?2C FA Correct BNZ Instruction
?G0 Goto O

?R0-3F

RO000= 00 01 02 03 04 05 06 07

R0O008 = 80 09 OA OB 0C 0D OE OF

RO010= 10 11 12 13 14 15 16 17 Display Registers after
ROO18= 18 19 1A 1B 1C 1D 1E 1F Execution.

RO020= 20 21 22 23 24 25 26 27 Note: R8, R3C-3F are used
RO028 = 28 29 2A 2B 2C 2D 2E 2F by FAIR-BUG

R0O030= 30 31 32 33 34 35 36 37
RO0O38 = 38 39 3A 3B 3E 09 09 0B

?P0 0000 PCO not saved by JMP
?Pl EEEE
M8

MO0008 = 29 Change JMP to PI
?C28
?G0 Execute Again
?P0 000B PCO Now saved!

?
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2L FAIR-BUG EXAMPLE 1

?2R5
RO00S = 00 R1-2 Types RO-R7
?7R1-2 } Next = R8
RO000 = A4 FF 09 00 00 00 FF 00 Change R8 to 55
?N R0008 = 83 Examine R8

2C55

?E R0O008 = 55

?R8

R0008 = 55

?P0 83B0

7D0 8078

?D1 0000

?CFFFF

?E FFFF

?D1 FFFF

?1=0F

7S =0A

W = 0A

?M3E0-3FF

MO3EO = 04 00 00 10 00 00 00 83
MO3E8 = BO DD EE 80 7B FF FF A4
MO3FO = FF 09 00 00 00 FF 00 55
MO3F8 = OA 00 FF 81 97 03 FF 00
?R0-F

R0O000 = A4 FF 09 00 00 00 FF 00
R0O008 = 55 OA 00 FF 81 97 03 FF
?R10-40

R0O010= 00 20 13 00 1E 00 BF OO}

Display DC1, Change, Examine,
Then Display Again

ISAR
Status

Memory Dump
Register Dump

RO018 = 9D 40 7D 01 DD 17 55 00
R0020 = B7 F7 7F A2 FF OE FF 22
RO028 = FF 76 FF 3C FF CE 5F 20
RO030 = 18 04 02 00 D9 04 7F 00
RO038 = 75 01 57 4A OF OA OA FF
RO040 = A4 FF 09 00 00 00 FF 00
2B0-100-00FOBONOBONOBONOFONOFONOFO00BNNOBMBM@0@0@M@0CM@M@M@0@MAO@MBO@OFM@NNOBL,

Register Dump
Note: R40-R47 is Actually RO-R7

~~
Punch Format (PROM Tape)
?FO-FF See Appendix D for Format
:18000000009100DD041000D1001000D0001000910010009000100090D4 Formulator
. . . . Punch
° ° ° B Format
:1800E800260802F3268164FBQODQOOFF24|5900F926F900FF2EI592EF501 See .
:00010000FF Appendix C
?A =83
2C00 Display, Change, Examine Accumulator
?E R0O008 = 00
?N R0O009 = OF NOTE: Accumulator is in R8 Therefore Next is R9
?G8080 Go to 8080
?P0 8080 PCO Changed to 8080
2G Go to PCO (8080)

?
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Note: This example was loaded

(L) by the instruction

APPENDIX C
FORMATTED TAPE
(FAIRBUG FORMAT)

shown in Appendix B. This is

= k
2 3
o m
£ s
(a] 3 x
-~ = o
| 3 | = G I~
4 0 o
S 3 S z 2 8 -
4 (& -
5 A A A © uw
- r N e ™~ e N
—
Ko} - 4 _
~ Tud Cu3 Tu3
_ OJZXxanwlooanuDaoorotue000IZXao0ooouLlbavsloookbolldZXnobLoookLialOoanWu v
O o o ® ° e o ® eoe ©© o0 e © 0 o
2] 200 ©0 000 20000 ® o0 e o 90 © @ © 00 000 (X X ] ® o
< (X X X 3} L] ® ® e®® o006 © ® e o0 (] ® o ee e ®90 (X X ]
©6 ©0 000 0° 0000000000000 000000000000000000000000C0000000600000000000000
® ® (X X X ® ® 0000 (] [ ] ®e
® [ X X X ] (X} 000000 0000 000 ©e® 06006 o 0000 600 [ ] ®e (X}
° ® 00 o o 00000 ® 00 000 o0 0006 o ® 00 o000 ® ®e ( X}
000 (X} @ ee [ X X ] [ X ] ® [ X ] ® ® © e ® [ X 2 X ] e
[ ] ® ®
»
»n
(&)
S
X
he] (%) (2] x (2]
: 5 5wl 8 e
o o Q s ° oL s
< o 2|0 5 o 2@ 2 3
T 5] S - Q 9] T ] 9] (2] %)
5 s £ 5 < @ = 5 X X
-~ %) < _ = 1 2 O
7} [} o » (=) (§)
- — - u
Tus Tu> Tu> Tu3
SO00OCLNXO091OODDO410D0D17CLNX001000D00010009190UNX00100090001000904CUNX00
® e © 20 @ 090 © ® [ X X X I ® (] ® @ ® o
@ o0 ® ©oo¢ L X J ®e
® © e o ® 00 o ® ® @ o9 e
© © © ©© 0060000000000 0COO0O00000000000000000000000000000000000000C800060000000000 0000
e0 ® 000 ® 00000 ® ® 2000
0000 000000600 000000 00 00000000 0000000000 0000000000000000000 (XX X )
(XX X} ® 000000 000000 00 ® 000000 00000000OCOC® ® 00000000000000000 ® ©
® [ X ] [ X J ® [ X ® o0 [ XJ
® L) ® ®
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c

S - 0

S
-

Length of Data
Address

Code
Data Byte 1
Data Byte 2

> Data Bytes 3-24

OO0 -000WO00~00+-0®O00O0 4000000 -00-gO00COC+-rO0PUOO+0WOO000000O®~=°"Y

J
D } Checksum
4

C/R

L/F

RUBOUT
RUBOUT
RUBOUT
RUBOUT
RUBOUT
PU OFF

Start Next Block

APPENDIX C (Continued)
FORMATTED TAPE
(FORMULATOR FORMAT)

A5

RUBOUT
RUBOUT
RUBOUT
RUBOUT
PU OFF

Start Block
Data Block Length

Address 1st Data Byte

}
} Code
\

> Data

J

} Checksum

SO TMNOOMP NMNOO O NONONOOCO NMANNMTNMOOWIONDNEAD - OONWANOPONINOOOMO O ® =*

C/R

L/F

RUBOUT
RUBOUT
RUBOUT
RUBOUT
RUBOUT
P11 OFF

o | Length =015 End

0

; } Next Available Address
0

: } Code

E } Checksum

PU OFF



APPENDIX C (Continued)

FAIRBUG FORMAT AND CHECKSUM

The following line of code is from Appendix C. The checksum is the sum of all the nibbles in the block.

X009100DD041000D17
g J
"2
Data Checksum

> | ggoo—+woo
w I ago9oo-=s»o0

FORMULATOR FORMAT AND CHECKSUM

The following line of code is from example 2. The checksum is the 2's complement of the sum of all the
bytes in the record. Notice that when the checksum is also added to the sum the total is always zero for

the low 16 bits.

+1800E80026 C802F3268164FB20D900FF24F900F926 F900FF2ED92EJF5

ey N it

18
00
ES8
00
26
cs
02
F3

E3

26
81

64
FB
20
D9
00

FE

-~
Data

Code, Type of record

Starting Address

Number of Data Bytes, H'18' = 24

24
F9
00
Fo
26

F9
00

FF

34

2E E3
D9 FE
2E 34
F5 2A
2A 3F = Total Sum

2's Complement (3F +1 = C1)

A6

4
3
7=

Checksum

1)

|-——-———Checksum



APPENDIX D
BINARY FORMAT
(PROM GENERATION FORMAT)

e : Note: This example was punched by the instruction shown in
° Appendix B. The first block is punched with 256 memory
° locations (high order bits). The next block has 256
[ ] 0
@ 9 : : . ::. 9 memory locations (low order bits). Subsequent blocks
® 0 [ ] ©e000 | o then alternate high, low, high,low, etc. with a blank gap
: g © ° .. D between. Only the low order 4 bits are significant and
[ ] 1 : ::.:. g are punched in complement form. The table below
® 0 [ ] ©e9060 | | shows examples of commands and the results
: DD : : : ::. 1 produced.
° 1 e ece00|)
: 0 e e6c000|
D [} ©°e000 .
® 0 ® ©°000 g Decimal
: : ° ::. 1 e oce00|, Input Command | Memory # Block
: o ::. S : : . ::. 0 B-XX00-YYO0-L ?Sgéisesdes Blocks | Length
e ocoe | o o-cose|°®
: @ : :: @, ® ©°000 g B 0-100-0 0-255 2 256
o eseoe|® e o.oselo B 0-400-0 0-1023 8 256
: : : :: ol e o-000|° B 100-200-0 | 256-511 2 256
® ©°000
® Y g ® ©°000 | O B 0-400-1 0-1023 4 512
: ::::: 0 ® ©c@00@ g B 0-1000-1 0-4095 16 512
: o .:. 0 : e ::: 0 B 200-400-1 512-1023 2 512
[ 000
e ocee |° @ oo ool
1
o o.oee" o000 PROM 8 BIT FORMAT
4 e ® |0 o @@ >
®ce o0 oo |4 °
e ® |2 g eeeeo®c000 | Start Block
c®@ @D ° 00
oo | > e © o oY . . :
® o © | This format is 8 bits
®0 ©e°9 ®ls | wide and is punched
Block 1 Block 2 ¢ 0 | Dby:JXxo00-yvoo-L
©® © o @Dt when: J0-100-0 it will
® o % | punch data from Mem-
o ° 00 ory Address 0 to H'FF’.
e ® o DO 7
® ° 00 L = 0 -256 bytes
e . ° - o | L=1-512bytes
: e F e @ o o9 L =3 -1024 bytes
S *i%el R NS
° 00 ata
© e-eo0|’ e o %
[ ® °
2
: ® : :. : 8 ; \
@ ®e e |6 4
@ ® F B
[ ] @e® O ]2 0 (X 1 X X KX ) FF
® e ® D 9 ® °® 24
(] (XX X T ) g 0 ©0000 @ |Fs
® ° F ° 00
[ ®e@® 6 (2 4 [ XX X X KJ @®|F
@ e F [ ] °e®® 26
® ®©e®0600 |0 g (X X X X XJ @|F
® e F ® 00
=] ©e® @ |2 g 000002000 |FF
© ° F 9 ® ©°00 |2
® ©0c006|0 0 e® @@c @|Do
® ° F E ® ©°660 2E j
® ®e® O |2 E 00O @ O|F5
@ e @ D 9 e
© eco o> e °
\._/-\ F 5
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APPENDIX E
FAIR-BUG SUBROUTINES

The following INPUT and OUTPUT subroutines exist in FAIR-BUG and should be called by the users
program. All subroutines should be entered by: (Pl Address).

TTYl —Input 1 byte from TTY type device, without echo. Data is 11 bits/character being received on
Port 8 Pin 7.

Address: H'8553’

Enter: RO — Delay Counter

Exit: W Reg — Destroyed
PC1— User return address
Accum — Input byte
RO —Unchanged
R1—Input byte
R2 —-1

TTY0 — Output 1 byte to TTY type device. Data transmitted is 11 bits/character being output on Port
8 Pin 0.

Address: H'8593’

Enter: RO — Delay Counter
R1—Byte to output

Exit: W Reg — Destroyed
PC1— User return address
Accum—0
RO — Unchanged
R1—-1
R2—0

TTCR — Output CR/LF/NULL to TTY type device; subroutine TTYO is called.

Address: H'8578’
Enter: RO — Delay Counter
Exit: W Reg — Destroyed
PC1—
Accum—0
K Reg—User return address
RO —Unchanged
R1—-1
R2—0

PINP — Input 1 byte from parallel input device; minimum delay between characters is 150 us. Byte
is received on Port 9 with control bits on Port 8, pins 3, 4, and 6.

Address: H'853D’

Enter: No setup

Exit: W Reg — Destroyed
PC1— User return address
Accum — Input byte
R1— Input byte

A8



BYTE — Input2 ASCII hexidecimal characters and convert to 1 byte; also accumulate the checksum.
If input is not ASCII characters 0-9 or A-F meaningless results will be returned. Either TTYl or
PINP is called as input routine.

Address: H'8515’
Enter: Q— H'853D’ (for paraliel input)
Q —H'8553’ (serial input) RO = Delay Counter
R7 — Previously accumulated checksum
Exit: W Reg — Destroyed
PC1 — Destroyed
Accum — Input byte
K — User return address
Q— Unchanged
RO — Unchanged
R1— Destroyed
R2 — -1 (if serial IP), unchanged for parallel IP
R7 — Checksum
R8—0
R11 —Input byte

FOP1 — Output byte of data from memory to TTY type device using TTYO subroutine. Byte is
converted to 1 or 2 ASCIl hexidecimal characters.

Address: H'811B’
Enter: RO — Delay Counter
R8 —Flag Pos# = OP Hi 4 bits, then Lo 4 as ASCII
Neg# = OP Lo 4 bits as ASCII
DCO0 — Memory address of data
Exit: W Reg — Destroyed
PC1— Destroyed
Accum — Destroyed
DCO0—DCO + 1
K Reg — User return address
QL — Data byte
RO — Unchanged

R1— -1

R2—0

R7 — Checksum (low 4 bits significant)
FOP2 — Output byte of data from QL. Same routine as FOP1 except DCO is not used.
Address H'811D’
Enter: RO — Delay Counter

R8 — Same as FOP1
QL — Data byte to output
Exit: Same as FOP1
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APPENDIX F
KEYBOARD/DISPLAY SCHEMATIC DIAGRAM

154F
¢
€

2700

o
~

P00

=]

Q9

-

To

D2

Po1 DQZ

02 NO2

¥

03 N2

v

04 N2

SADSE

i

D3

¥

Q2

D21

2

©

ZF X Z

|
Vig
N

N N
MOVE
uP

D17 D16

CLEAR

~

ENTER

ST
MODE

o

MOVE
DA DOWN

1SRN OE

-

D4

Rl

-

T

D5

ke le

Rl

Dé

LT

w

;

16|18]20| 22

Ye Ye Ye Ye

Q4

s| 7] 9|1

17{19| 21|23

2700 (8 places)

A10

+5V

|1s

DETAIL

-~ 0 a 0 o

®a 0 o w

s
o |=in |a o |~

GND

D15



APPENDIX F (Continued)

PARTS DESCRIPTION

Q1, Q2, Q3 9NO04 HEX Inverter

Q5, Q7 2N2222 NPN Transistor

Q8 - Q13 9368 7 Segment Decoding Latch
Q4 9308 Dual 4 bit latch

D1 -D6 FND500 7 Segment LED Display
D7 - D14 FLV110 LED Lamps

Q6 2N3638 PNP Transistor

D16 - D21 1N461 Diode

D15 1N4001 Diode

PINOUT DESCRIPTION

P86 Output Pin for Song

PO7 Output Blanking Signal

P06 Output Signal for Decimal Point
P00 - PO5 Output Signal for Digit Select
P14 - P17 Input Signals, Keyboard Read
P10 - P13 Output Signals, Digit to Display

NOTE: P86 Designates Port 8, Bit 6.

APPENDIX G
ASCII CHARACTER CODES
Character 7 Bit Hex Code Character 7 Bit Hex Code Character 7 Bit Hex Code
(Space) 20 0 30 H 48
! 21 1 31 | 49
? 22 2 32 J 4A
# 23 3 33 K 4B
$ 24 4 34 L 4C
% 25 5 35 M 4D
& 26 6 36 N 4E
' (Quote) 27 7 37 o 4F
( 28 8 38 P 50
) 29 9 39 Q 51
* 2A : 3A R 52
+ 2B ; 3B S 53
, (Comma) 2C > 3C T 54
- 2D = 3D U 55
. 2E < 3E Vv 56
/ 2F ? 3F w 57
@ 40 X 58
Line Feed 0A A 41 Y 59
Carriage RTN oD B 42 z 5A
Bell 87 C 43 [ 5B
Punch ON 92 D 44 \ 5C
Punch OFF 94 E 45 ] 5D
Reader ON 91 F 46 t 5E
Reader OFF 93 G 47 — 5F
Null 7F
Null FF

A1




ERFE

Loc

a001

APPENDIX H

OBJECT ADDR LINE Z0URCE ZTATEMENT

ononl eFARIRELUG + EDUCATOR
i *R.WATERT e EFETATHIOU

DES
S000 onos

RORIZ
OO0 EG

nooy  HIEY EGL

ooos LOEY EiL

0 ooos  BAUD
ool CHRE
oot
no1g
[ B
onlg
LS
noLe
0oLy

EIT ADD
EIT ADD

-
[m]
oo

i

HZEER" EMDN RAM 0-1k
H"EEE” EMD RAM Z-gk

c I0 DIZFPLAY FPORT
oonon -
Oo0aF
=]
DnFs
D
OO0E
oo
O0oA

1z
15 FLE+H 43" =REGIZ
10 FLE+H" 42" =MEMOR

TR LUHUZED FORT ADD
ZERIAL FERT.OUT
ZERIAL FORTs IMF
FARALLEL FORT.Z

FARALLEL FDORTsD
IM MEMORY

O]

)

oo

on

I

BELF HMOT 1&.MOT DOME
ERUD
ERUD»A ZET TEMF AT LER

] ZET DC
nnsg LF Es P FZ TO R1E2-1Z
nnss LR A kL

D0SeE =T TAVE FCOHI

T IAYE PCOLO

i auT= OFor MARE. BIT TO =ZTH
noel IME IFOR

A12



APPENDIX H (Continued)

FORMULATOR AZZEMELER CREW Z. 00

- OBJECT ADDR LIME SOURCE ZTATEMEMT

H 20
EDUL
(s DT P WTILL MO HAY
IFOFR GET EAUD OFTIOHN

T

—

EGHD
CTEx—-10

ERLD A EARUL = THELE /A
TTD DELAY FOR KEEY EO

EGHD ETRT TO COMVERZATIOMA
Ed
TR o HYEHA 1200 BARUD
L HH3 00 BAUD
Dz 3 110 BAUD
EDLIL JMF CEDIL S+ 2
EOOTSTRAF FORMAT FLUMCH ZUBROUTIME

+ “TART ALDDRE IMDC OM EMTEY
* EML ALDFR IM RE-F OM EMTEY
+WRITE ELAME LEHDEF

- 45 FFRLIM LF AsERHI
1= -am
55 LF ERHIA HOW 1% COMFLIM
45 LF H: EALO
12 oM HESATIVE
1F IMC 2% COMPLIMEMT
1] LF EALOsH
45 LK AsERHI
13 LHME
55 ER HOW &% COMFLIM
ez H'K‘” HUMEER OF MULLE
= CEZM R
n CFRMI+1

D33 FFPM1 I}
o100 CHREZs A
n1n1 TT.D WRITE ELAMKE
FFHM1 COMTIMIJE ELAMEI
u1n4 HFLI3
0105 FCOM THIZ WAZ LEARLEFR
n10s  TRARILER PHHIHEH MOW FIMIZH
. LI A
= LFE
2 0109 FI
n11n EF
nii1 e«
0112  SWRITE ZTARTING ARLDDREE:
& 011%  FCOM LI ’
A 0114 LF
E n11s FI
NSE 2 0115 LI COLOM FORMULATO
2050 51 0n1iv LF
a0el 232 nii1s FI
a0ed 2 niis LI 2 LEMSTH=Z
= Jat=} nizn LF HFLs A
= oy niz1 LF Gl A OuTPUT BYTE
2082 232110 211D 0122 PI FOP2 WRITE LENSTH

A13



APPENDIX H (Continued)

FORMULATOR HAZZEMELER

ERRT

Laec

JEJECT RIDR

143
ou1sn
n1s1
n1se
n1ss
0154
0155
n15E
n1sv
n1sE
0159
D1E0
niel

211D

2572

o]

IZE
4H
13

20SE

nigs
o0ivo
0171
2 017E
s
niv4
mvs
N17E

SORE
=S0RF
SORD

LN

i I oI

Z0EL
nES
OEZ SD
NE4 43
SOBES SD

1=

i)

ZOURCE STATEMENT
LF: Fiyti
LF Ly A
FI FOFZ
LF Fr11
LR Gl s
FI FOF
LIz n
LF Gl s
FI FOPE
LF DC v H
LI 24
LR HFL s A
ER: FLOF
L322 22222 2 2222224
ER: EGIY
L2222 22222 22 2 2 224
FLOF FI FOF1
LF Hy IC
: HFL 5
FLOF

QUTFUT HI AIDDRE

nay I

OuUTFUT LO ADDRE

FRECORD TYFE=n

=]

ZET TO 2

T
&

=“TART FRIRELG

WRITE & CHARR FR
cOuMT-1

HOT 24 YET

eMHOW CHECK=

LF Hs CREM

FLAG FLUZ FOR 2
WRITE & CHAR Ck
TYFE CRE-LF

FLUMZHEDs HI MUET
LAZT LOW ADDREZ
EMDIMS LOW ADDE
LAET HI RDDRE:

FI FOFZ

FI TTCR
CHECE IF ALL MEMORY IE=
As11
ERLO
As 10

+HO

ERHI
FiOM
HLsA

HOT DOME
ZERD

YET

*
+MNOW WROTE ZEROD RECORD PRIOR TO TRRILER
*

LI
LF
FI
LIZ =
LF HFLZsH
HEFRE FI FOFZ
o= HFLZ
E HERE
D= HFLZ ZET TO -1
EF CFRUM+2r  TRAILER
+TARELE OF DEFAULT DELRY COUNTERE
$ZAYE ROUTINE TO ZAYE THE INITIAL ZTATE OF
* REZTORE ZUEBROUTINE WILL FUT IT ERACK
BRI INTERRU
IN R2
A

coLoM

FLUMCH Y COLOM

FUNZH & ZERO CHAR

REFPERT IF HOT 0

A IZAR TO R74
o

n

al F3 TO REYS

A14



FORMULATOR AZZEMELER

SOFD
20F1
20FE

20FA
=0OFE
SOFC
20FD

- OBJECT

ADDE

OEEE 0OEEE

OEEE (EREE

OEEE NEEE

IEEE

N=EER

000 2000

SOEV

APPENDIX H (Continued)

nis0
0131
n1se
013z
ni=4

0195

Bzl

ZOURCE ZTATEMEMT
aly)

Hs 1D

I+A

As11

s H

Hs DI nZ
ZCRATCH RAM
MH I

ZTATUE 7O R2

F10 TO R7FE

F11 TO RY7
TO R 10-11

MHI
WRITE COMFLEMEN
MHI
=0F ZHOULD BE £
MHI
E51 IF ZERDO
MLO HOT 4k
Rs 100

RATCH

IC HOW IM FAM

nc1

Izl UPFER

D1 LOWER
As T
11+A
A=
10sH
A
IsA
As =
RN

EiGL1

REZTORE R11
REZTORE 10

ZTATUE TO RFE

TO FIMIZH ZAVE

+ REZTORE ROUTINE FEZET RESIZTERS THEN RE

REZ

A15

HET*
Gl A
JUERA]

ZET Dz 7O REZETO

ELs A

Fak 12-12 7O P21

F MEM
ZKIF AGAIN

s A nC 7O R14

LA oo 7O R1S

DT 2 nCo REEZTORE

s A

HLsA D1 MOW IN @

ZTORE Rﬂ;RIE FROM ZCRATCH RAM



APPENDIX H (Continued)

FORMULATOR A=ZZEMELER CREW =. 00
ERFZ LOC OEJECT ADDR LIME EZOURCE ZTATEMENT

IE 4  LOUF

18 ne

FO-F12 REZTORE

HOT DOME YET

F14 TO R3

REZTORE D
nZ1 FROM DCO TO

FEZTORE F14-1%5

GET ZTATUE

GET R

IEROUTINE TO OUTEYTE 1 EYTE A=
kEM IE ACCUMULATED
$HFL5 MUEZT EE FPOZITIWE MLUMEER
FOF1 LM
LR BLsH

SENTRY WITH CHARACTER IN RES ZAYE
FOFZ LF ks P ZAVE RETURM IMEK
FLF1 LF As HFLIS
-amM ZET ZTATUE

! HFLGs A FLIF-FLOP FLHAS
Hs L

00 HI 4 EITS IF
LOZE HI 4 EITS
MOYE TO LO 4 EI
R L

FLO
FHI R
+COMYERT TO REC

HOT A-F

FINT
TWFE FRAME

b b b e s

A RN O VO VO A Y]

T m

D0 LOW HALF wWOR
<D0 CHELC
LAET EYTE OUTPU
ADD TO PROIR CkK
3 s ZAVE UFDATED CkK
FE: RETURMN FROM K F
¢FETCH PARAMETER: AFTER LESIT CODE IZ IM
eMAX FIELD 1 AND 2 IZ 4 HEX DIGITE
MR FIELD 2 IE 1 HE® DISIT
FECH LIZ e
LR FCMT A FARAMETER COUMNT
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FORMULATOR AZZEMELER

ERREZ LOC

Xl

POC ]

U

——

=4 =] T T
m

]
[
-]

0 00 00 00
e

o B B IS |

000 =) e i e 0
=T e i
Lol B L CITA) B

a
—_

217A

2170

2170 2

Z17F
2130
2132

2122

2135
2128
2137
2128
2132
2138
213C
213E
2130

OEJECT ADIR

D
Y

-l

4
ER
341F Z1R9
3B
211B 21A2
I40C 219B
7F

CREY

0343

APPENDIX H (Continued)

L0

EOURCE ZTHTEMEMT

LF CCaH
*READ CHARACTER
FE FI TTY
MI H7
LR T A

+MUET EE

FOk:

+ZERO LO

s H

DCE e B I SN (N 1)

Ccorv

3 RN

ER CORT
¢CORRECT HEX FIELD sRIGHT
* IF AROC THEM 0OREBC

IF REBCD THEN IT IZ OK

* IF AOO THEMN 0O00AR

*IF AEOD THEN 0DOREB

CORN

CORE LIZ H"II~
LR TR

CORT LIz 4
wE [
B2 CORS
A [
EM CORS
ENZ COrR1
LIZ 15

A17

[3AR=3
CHAR CHT=4

GET CHAR

CORRECT FIELD E
ECHO IMPUT CHAR

FIELDT ZEFERATOR

KILL CHART
EILL IMPUT

L THAM ZERD
ERROR IGMORE
Fr

ERROR IGHORE

ERFOFRs IGMORE IT

FULL FIELD IiMO

Zs THEM ALDD THIE DIGIT

TO FARAMETER LO

EYEM CHAR»2 DI
ZET IZAR EBARCK 1
FET MEXT DIGIT

FARAMETERE FLLL

ALETIFY

MO FRREAMETERE

FIELD RECDs ROK



FORMULATOR AZZEMELER

CREY

ERFZ LOC OBJECT ADDR LIME

FC

S1FC

ﬁ4n4

n4u4
ES NI
0411
n41e
0413
0414
0415
g1
H41.

APPENDIX H (Continued)

E N

OURCE ZTHTEMEMT

I s
A
El
I
A
4

— I

w1

COr1

I
[}
A
[0

COFR<
s I
FCHT
Hs 7

CORS
CORe

LAET CHAR HOT
Hs FCHT

3
FCHTs A

RTH

+ROLUTINE TD FETCH DIRECTIWEs THEM CALL FRRAME
+ THEM 50 TO CORRECT FROCEZZ ROUTIME THRL
TELE D ALLCAL=A ACCUMULATOR DIE
Dc AL CE-A EIMARY DLMP

bl ALL CC=A CHAMGE FIELD

o AL 1 =R IC DIZPLAY

D AL1 CE-FA3 EAMINE

DC AL1 cF-RA2 FORMATTED FLMNCH
D AL1 C5-A2 50 TO

D ALL tH-A2 HISH ZFEED LOAD
D AL CI-A IZAR DIZFLRAY

I AL1 =R 2 EIT FROM PLUNC
D ALL =12 K
iz AL1 CL-RAX LOAD

pils AL1 M= MEMORY DIZFLAY
bils ALL CH=A ME#T DIZFLAY
il AL1 O0-A: FORT DIZFLAY
il AL L CF—A FC DIZFLAY

i
ni
Dc
I
I
oo
o
I
LE
LF
FI
LI

. = DIZPLAY

CLEARF EREREK FOI
ERERKFOIMT

MOVE ELOCE

It ATUZY DIZF
HE¥ ARITHMETIC

FREE F11

WRITE CR~LF
FROMFT CHRRACTE
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APPENDIX H (Continued)

FORMUILATOR AZZEMBLER ¢REY 3.1
ERRZ  LOC OBRJECT ARDDR LINE ZOURCE ZTATEMENT

0422 LR CHRZs A
FI TTYD
¢RERD INPUT CHARRCTER
FERD PI TTY1
LF Y] ZAYE CHAR
PI ECHO CHAR
LFE
MI
=1
EP
(1
EM
MI
nCI
RDLC
LM SET TRELE “RLUE
REPTL LE ELsH ZAYE INDEX IM R
Iz ZET ETRTUE
BZ ZTR1 IMVALID COMTROL
+MHOW INFUT FARAMETERS IF ANY
AMF FECH
RTH LF Hs 3L
LF 11sA REZTORE R11
+TEEZT FOR 2 OR = FARAMETERS
* MAKE LO ADDEE: ZTART OM = EYTE ROLUNDRY
¢ MAKE HI ADIRE OM = EYTE EOUNDRY
LIZ

¥ EITZ OMLY

LEZEZ THAN "R" I

GFEEATER THAN W
ZAYE S BITE OML

HMOT & OFR = PARA

LR R § B

B B R g

O

I

3=} MH:

=9

L1 A s
2y 7

SE XN
Z0FE H-Fa
F4 4

54 43 A
SE 11sA
42 He =
SH 10sA

$CHLC

% 70 GET TO FROCESE ROUTIME
RTH1 S

Hs kL
LOEY LO 2 EIT ADDREX

= T =

N
faa]
o

=
=
i

HIEY HI = EIT ADDREX

o T
0

HI RIDF

»MOYE MEMORY ELOCK
+  TO ACCOMPLIZEHSTO
* W

+ AMD EEEE IE
¢ IHFLT

¢ F10-11 =DEETIMATION EZTART ADDRE:E
¢ T OURCE ZTRRT ADDRE

. WHEFRE =
EEEE WHEFRE
ZOURCE EMDIMG
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FORMULATOR AZZEMELER

APPENDIX H (Continued)

CREN DL 00

ERREET  LOC OFJECT ADDRE LIME

uso1
oS0
nsnz
SHIE
nsns
0S0e&
0s
0s
ns09
asin
0511
ns1z
=13
ns14
ns15
nS1e
ns1v
l:l =q o

nagdn
0541
noge
0543
0544
0545
NS4
0547
0543
=T 3]

OURCE STHTEMEMT

. RS-g =z0URCE
«WOFE REGIZTER

« R10-11 =CORREMT
IIRZE
:OURCE EMD

¢  RS-&
+
MOWE

MEGH

MEYE LF
caom
IMC
HE
EF

SCAHLC LEMIGTH

MEMD LE
-omM
LF
LF:
-omM
IMC

[RESS RE

Az
Az
LF

LF
+MOYE =0OURCE ZTART
LF
LF
LF
LF

EMII ADDF

As 100

MEYE
MEMT
ICsH
Hs2
10 H
Hyd
11sH

MzamM
As11

i ]
10sA
¢MOVE TO I THEN IONCREMENT TO ADD 1 TO LENG

D H

=0URCE EYTE ALDEE
ZTART IF MOWIME FROM EMD

ARDDREZEZ IF MOWE ZTHE
LEEZTIMATION HI

ZOURCE =TART HI
ERMIALS TEZT LO E
MO % E ERCKWARD

ADDREZES TO R10-11

AsS
10sA
Hs s

11sA

+NOW MOWE =OURCE =TART TO RS-5 FOR END COMPA

LF

MizOM LR

MLOP LF

A20

]
A
4
2l

b A ]

o M) & -a

MEMORY ADDRESE

ZAVE ADDRESE FO



FORMLULATOR

ERFZ  LOC OBJECT ADDR LIME

1

-
v

H

1

1

D e L ) I

DI O <
& N0

[}
o

-
r

7
v

F

Joobd T D0 T <)

=

ra

Z0FE

ISR

<:EMELER CREM 3. 00

APPENDIX H (Continued)

ZOURCE ZTRATEMENT

nss0

T
=]

= END
As 10
MLOF
Hs11
=)

1Rk MLOF
Bl AMP =TRT ALL DOME
¢BFERKPOINT--—-ZTORE Pk IM LUZER MEMORY +CHAN
* ADDR IN FRIRELUI:
+3ET EYTE FROM MEMORY AAND ZAYE ADDRESS AND
EFRAK LI H ED~” ZCRATCH MEM LO

+COMPARE FOR ADDRE

ET
+MOW FETCH UZER BYTE
2 “Do LF DCsH
oSy LF Dy H
nsvs LM
1 w“h
=T
+MOW ZTORE Pk IN MEMORY
LF ICsH
LIZ 1z
=T
+MOW CHANGE LZER Kk TO RESTORE RDDRESS
LI H“FRB~
LE
LR
LI
=T

TO ZTART

HE®D"
s A
DCs i
10sA
11sR

DsH IZER ADDREZE

EFR Rl TO =ZTRRT
SeHE® ARITHMETIC
HEx LR A

e 0 oI [
B2A? 0510 EZ F

A21



APPENDIX H (Continued)

FORMULATOR AZZEMELER CREY 2,00
ERRZ LOC OBJECT ADDR LIME ZOURCE ETHTEMEMT

Hrll ¢ZOMFLIMENT EEFORE RDD=ZLETRACT

IF 4E LF Ay &

AOo1E oM

A1 1F IHC 2  COMPLIMENT
Az 1E LF da bl

HZ S& LF s A

Ha 45 LF AsS

RS 12 [nlgl

AE 1D LF Ils .

AV 13 LMk

A S5 LFE S A

+ADDITION

A3 44 PLLE LF REE
AA C& A &
AE S4 LFE 4R
A 43 LF As 2
AD 132 LHk
RE C5 A= bt
+HOW WREITE TO DIZFLAY REZULTE
LE GBLs A
FI FOFZ
LF REE
LF LA
L FI FOFZ
EF B
SFPRINT ARCCUMULATOR
H1 LIZ =
3 EF I1
oILEHP BPHFE FOINT ENTRY
T ] TT
*ZHAMGE LH T UZED FIELD
C Iz FCHT
EM DRTE 2N HO FARAMETERE =
LE AsFLz
LF DCsH
CI oo Ck FOR PORT
EME oo HOT FORT CHANSE
3 AMP FORT 50 CHANGE PORT
] JHHD (1) I FP
S10E EM c2 RESIZTER CHANGE
403 EMZ 1 MEMORY CHANGE 1
43 LF As 2
17 =T FZ OF DC 12T HA
T c1 LF s
v =T
11 LF Hs DI
4E LF As11
G013 ER MW
4k ey LR As11
33 LF IZsA
Z4EF AI H EF~
0n7 LF BLsH
aF LR TCs 2
iF IMC
44 LF He
2104 EF C4
7 =T
S00E EF
S S0 [ LR
" 4F (IE LF
2 1F IHC
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FORMULATOR AZZEMELER

oy

PR =

oz

. OFJECT ADLIR

= S03E

o
ey
—_
n

S0EV

APPENDIX H (Continued)

TREY

LIMNE

]
nvin
nvit
nviz
71z
nvig
0v1s
avie
nviv
nvis
[ =)

EFRIN

ZOURCE ZTRTEMEMT

ELAME

TRELE “ALLUE OF

*«DIEZPLAY

I HI ZTORE RIDDREE

LO ADDREZE OF T
SEAMIME :
E FF
FLIi3
Fz FZ OF DC
M1
¢FORMATTED PUMCHs FOR EOOT LOARD INFUT
F AMP FFLIN
<=0 TO
[} o= FCMNT
EM =1
+5ET MEW FPC FROM FARAMETERSE
LF 10s A
LI H"EV”
LE 11sH ZET PC MEMORY A
LE DCsH
LE Fs 2
=T FZ UFFER
LF A4
=T FZ LOWER
=1 AP REZT REZTORE RESISTE
+IZAR DIZFLAY
I LI =31 RESIZTER OF IZA
I1 LE 3 H
LR B A
LIZ [}
LF ZET TOD REGIZTER
LE
LIE
LR
ER =N
+HIZH ZPEED READER LOARD ROUTINE
H AMP HIGH
¢ PORT PRINT
n] LI= oo CODE FOR FORT
EF F1 FRIMT PORT DATA
+EOOT LOARD
L AP LORD
+MEMORY PRINT
M LIZ MM
ER F1
SMNEXT--DIZPLAY MEXT MEMORY OFR REGISTER LOC
M LF TCsH
LIZ 1
ADC
LR Hs D
M1 LF As10

A23



FORMULATOR AREZZEMELER

ERRE

Loc

OBEJECT ADDR

o0 G

bl
o0

o0
—
—
=

2110

E
2
5
2
4
2
=1
2
4
0
2
4
I}
2

4
1
)
2
T
=
4
v

b
—
—
=

211D

z20nzD
=

i
iy

APPENDIX H (Continued)

CREW DL

LIME

Pz FRIMT

=

F1

LI
ER
FUMZH EIMARY
LIz
LE
ER
+32 BIT FROM ENTRY
| LI=
ER
SBERERKPOINT EMTRY
] AMP

*
E

F LI
F1 LF
o
EM
BMZ
eMAKE HI
Rz LE
LF
LR
LF

O£ R e D

RN RN « B¥ B

L d
[24=3 FI
r2 LI
LF
FI
LF
AI
LF
FI
LR
LF
FI
: LF
=] LF

n

LN BN e

i
Iy

kY
ra
W
[
—

A24

Z0URCE

STATUS REGIZTER

FOR RESIZTER

PRIMT R LF ELAMEK

ZTHTEMEMT

mMmID+~TIDI
—_

Mi = = 2 -a a

AT DN L

10H

ADD

FZ0 OR PCL
ALDORE:E

C o HOW +0

ZET TO F FOR &

ELAME

FOF1

FOF1 oF
ZTRT

OF HEX WIDs 2
HE WIDs 2

=1 Lo oOF =

THFE FOR FROM

1
Gl A
FFIM

] CODE FOR

1 S RBIT=
CE+10

FROM TRELE

ER Ak TEMF NOF
DIZPLAY
FF

FLGsH

FIMT

Pz MO FRARAMETERS 5

3=

ZET TO R OR M

ARDDR=L0O ADDR

He 2

(k. OR M» BLANEK
WRITE CR-LF
ELAMK

M

EZTART LO ADDRES




MELEF

FORMULATOR

ERF= LOC OBJECT ADDF

APPENDIX H (Continued)

CREN DL 00
LIME
FI
+HOM FRIMT DATH
Fd LF
LF
LF
LF
LF
CI
EZ
CI
EHZ
L
*RESIZTER FETCH IX
LE
LF
LF
CI
EF
+ OARD IZAR AMD FETCH
LE A
LE
RFE FI
ER
S IFOATE RESZ 0-1%5
R34 AI
LF
LF
LF
*FETCH DRTH
(] LF
+DATA HOW
FE FI
s LI
LF
FI

¢CHECK FOR EMD

F7 LF

IHC
LF
LF
LMK
LR

EF :
+FLUMZH HERDERs THEN

LIZ
LF
A25

FFLIM

A25

+ THEM HERLER 256
s COMTIMUE ALTERNATING AZ AEOVE UNTIL LAST

¢ HFLG IMITIALLY=

ZOURCE STATEMENT

TTY0

Hs 2
10sH
REE)
11+HA
AsFLE
oo
FI0
FF:
RS

FORT?Y

=0 TO FORT ROUT
TEZT FOR REGIET
MEMORY LOC

IT IM ZCEATCH OFR TEMF MEM
s

IZsHAH

As I=
15
R

HOT RESIZTER AID

=]

F
ADDREZZ TO MEM LOC
H"EF~ LO REAM-ZTART OF
11sHA
Fis G HI ADDRE
10sA HI RAM AODREEZE

FROM MEMORY

DZsH

IM HOW PRINT

TWFE &
ELAME
ELAME

ZAYE FOR REENTR

ZAYE FOR REENTR

Hs ¢

SUFDATE FOR MEXT WORDsLINE HAT MAX OF =

2l IMCREMENT ADDRE

IMCR HI RDDREZE

HEW LIME
COMTINUE THIZ L
ZE. HI 4 EITEs
LO EITE.

=1

IZEs WHEN=10 FLMCH LEADER W
]
11sA

LOW D ADDREEE



APPENDIX H (Continued)

FORMULATOR AZZEMELER CREY 2.0

ERFEZ LOC OBJECT ADDR LIME ZOURCE =TATEMEMT

FFE LF

= T =~

LEMSTH OF ELOCK

e =

L I A | T oL e 1 I I |

FELE LI 42 ELAMKE
FLP LI=

WREITE ELRANEK

EMHZ FLF COMTIMUE ELAMEE
+CHECK FOR DOME

Iz HFLI3

EF FPLC
sooeooI[[MEeocosoe

FUHCH OFF

AMP
¢POR T DIEZPLAY
FI0 LI HED” EZCRATCH MEMORY

LE LA

LF DCa i ZCRATCH MEMORY

LF FORT ADDR
ZHORT FORT ADDE
EUILD INZ IMETR
LOME IMPUT

24 0F

LF s FORT ADDREZE

-

P LIz

-
—
I
I

L

AMPIMET

HI ADDREZE

— Mo [ o

0E 20A3
17
no 30 EXECUTE
SR

S0F0 ad40z

2 EBIT FORMAT
HAs HFLIZ
HFL3

FLUML

[ B

A26



FORMULATOR

ERFE

DO Y]

Lac

A0

O LU O e O O (VI (VI B B Y ISR (- - IR I (N IRY R (VI VI B X

NI Y

OEJECT

T B M 00 00 = M0 D = 1000 00

SYNJVRCONE) B ]

RZZEMELER

RIDLDR

241F

20345

0

ks

APPENDIX H (Continued)

=T
D=L
g
=L 3]
S0
0951
nas2

¢ZHECK FOR

eCHECK IF LOW EBYTEE

< IPDATE TO

FOMT

EGHT

¢ ETART

LOARD

HIGH

ELF1

BOT1

IDLE

EH

IE
EF

ks
EP

ZOURCE ZTATEMENT

LEMSTH i3

MEXT PARGE

*+3

£l

4

He 4F -
CHRZ
TT0
HFLE
FLIML

4
PP

HFLI3
FFE

s ZH

ZIZE
AsA

ER
FELK
FFPA
LM
LR CHR=s A
PI TT0
U “FLIS
EM2 ESHT
I 4
EF FPLC
LE HFLGs A
ER FOMT
OF EBOOT LOAD
LI H 31"
LFE
FI

[

Cl
EZ
[ §

A27

FERTER THAM

TO HIW 4 EITE
TO LO 4 EBITE

HO

ARLREEARDY LOME

=0 DO LOW EYTE=

EMII FH5E
0 TRRILER
ZTART MEXT HI B

OuTPUT EBYTE

MEXT EBYTE
FRSEZ= PER BRLOCK
EZTART NEXT BLOC

MEXT PRIZE

FEADER ON COMMA
FRZE IT

AND TYPE IT
ZERIAL INPUT FR
IF OVER PRRRAL

INITIALIZE PRRA
INIT CONTROL PO

LOCkK IN LDOP TI

CLEARR FIRET = D
ZET TO TTYI OR

SET HERDER CHHAR
CLEAR PRRITY EI

COLON

FORMULATOR FORM
IZ IT AN LORD H
Iz IT THE END O

WELLs IF IT IZH



FORMULATOR ASSEMBLER

ERRE LOC OBRJECT RDDR

APPENDIX H (Continued)

0 00~ =

o000 0

1001
1002
100z
1004
1005

1010
1011
1012
1013
1014
1015
1016
1017
101=

=Z0URCE STRTEMENT

S00600 HAYE THE STRART OF R DATR LINE 00
DRTR CKEMsA INITIRLIZE CHE
H" 03~

CCMT R INITIRLIZE BYTE
HWFLGs A ZHOW THRT X HAS
CONT RYTE
ZTORE THE RYTE
CCMT
SET CHEK CHAR FR
MAZK TO =ZIX BIT
AZCIT CONVERT--
CARRY IF IT WA=
FIMIZH CONVEREI
MAKE THE COMPAR
LO ¢ BITE TO HI
EZ IDLE IF Ok » LET = 5E
00000000 CHE ZUM ERROR HALT 2900900066
ZLFE LI [
LF
FI
LI
LF ZH
FI TTv0
EF ZTPP
ZETH FI EYTE SET MEW LOAD AI
LF 10-H
FI EYTE
LF 11:R
LF TCsH ZET THE RIDDREE=
1 IDLE
EHI MHE aFLE HAYE AN ¢s EUT
BEZ IDLE M AT
* WARE : 2A
Se0000000 HALT LOOF FOR WHEN FINIZHED e
ZTFP LI H" ’ READER OFF OMM
LF H FRZE
ZLFZ AMP FL
HOF
FORM i
CEEMsA  ZERO CEEM TO ZTART
¢ wFLGsA
EYTE LEMETH OF ELOCEK
ZERO RECORD IE
ALDRE: HI
ALDREZ= LO
CODE EYTE
HOT DATA RECORD
FMLF DATAH FETCH

A28



FORMULATOR RAE

ERRE  LOC

2404 17
2405 35
2415
2408 &

2407 2F

EMELER

OB JECT RDDR

2401

APPENDIX H (Continued)

CREY .00

LIMNE

1032
1 =]
1040
1041
1042
1043
1044

=1

105
1030

EYTE LF

ZOURCE

CCHT
EMHE FHMLF
HOP
HOF
HOP
HOP
FI
LF
Mz
EMZ zLFE
AMP IILE
*FORT CHAMGE ROUTIME
FORT LI
LF HLsH
LF nzs

AMF =T

LI i}
LF Fiisi

ouTE AI HOE0"
LI H g4

LI H B0~

HE (=
EF AMF

EYTE®eee
GETZ THE

*ee5ET H
o0

Koo F
LIZ z

LE HFLZs A
AIZAM LR Hs CTHR L

=L 4

A29

H<DF

EYTE» COMYWER

ZTATEMENT

LEMZTH

LOOF FOR MORE D

FETCH CKEM

ZHOULD EBE ZERO

CkEM ERROR
GET MEXT ELOCE

I

0 ZHORT OUTE

;
o

TO ©©

HOW EXECUTE

ATIDE TO

:» AMT
ZAVE FiC1

ZET THE HALF FL

¢ 70 &

: EITX
=CTI

COMMERT --

H

ME=T CLEAM UF A

TEMF =TORE



APPENDIX H (Continued)

FORMULATOR AZZEMELER CREY =.00

ERFZ LOCZ OBJECT ADDR LIME ZOURCE ZTATEMEMT
As =FLI3
“FLGE TEZT FOR HESATI
REMD HMEGATIYE=FORMUL
As CHR1
ADD HEW CHAR TO
[ 5
REMD HFL= DECREMEMT HALF
REAM GET 2MD HALF
Hs “FLI3
“FLIS
ADON IF FORMULATOR
RDOM OMLY HAYE LFFER
REZTORE FC1
20000000 FARALLEL AMD ZERIAL IMPUT ROUTI
> cOoMmMOM CHLL IZ A PUZH TO CHAR
L4 CHAF UZEZ o TO- JUMF TO APPROFRIATE F
0o CHAR LF Fisi2 JUMP TO IMPUT R
> FIMF: 3ET A CHARRACTER FROM PORT 4
*e TwPICALLY UZED WITH TAPE RERDERs EUT H
> FLIME THART IZ APPLICABLE TO OTHER
> FOR A CHARRCTER READY IMPUTs AND
* CHARRACTER. MEXT CPU SIWEZ AM ARDWANCE P
LA d AFTER THE DEWICE REARDY INPUT SOEZ MOT
FIMF INE FETE SET A CHAR FROM
= 1
AS3D FINF LOOk FOR =ZPOCKE
H0F " 100 UE DELRAY AF
FOLY
85432 FOLY
FFRT AMD MOW SET DAT
TEMP ZTORE LIZNEW
: ADYWANCE READER
AS MOZP SET READER ETART
1=
21FD 254F AMD LO0OK
vi =
n RS auTsE FPETE REMOYE DRIVE PU
41 LF As CHR= FICK BACK LUP TH
ic FOF
+ooTTYI: CHARACTER RETU
L ad REZ = BIT COUNT REG CHRS HOL
A2 TTYI IFOR
S1FE 2592 TTYI LOOk. FOR =TART
40 Hs BAUD SET DELRY COUNT
001 k] ] *+2 ZILLY BRRANCH FO
2401 H 01~
S4FER 2557 nLY:2 THIZ LOOP IE HA
RS IPOR CHECEK ETRRT ERIT
S1F4 25532 TTYI
v TTD
s ZET BIT COUNT9
2 LOar MAZK TO GET INP

cLD"5E ETART RIT
IROP RIT CHMT: 0

Pt = [
s

A30



APPENDIX H (Continued)

FORMULATOR ASZEMBLER C“REY 3.00
EFRFRZ LOC OEBJECT ADDR LINE ZOURCE ETATEMENT

EM =TOP MEG IF LOOKING

EZ Lopz IF LAST RIT. DO
LOFP= =R 1 IFT AZSEMBLED
LOP2 LF CHREZsH ORE REEIEMBLED
EZTART OF FULL B
MOP FOR DELRY

2110

IL''4 ouT=

IMZR WITH A SUE=

S4FH EMZ
abs] IMZ SET MEW BIT

EF
=TOF FOF
so00e0e ZERIAL OUTPUT ROUTINE e¢eeeeeesose
¢ HAZ 1 ZTARTs = DATA: & =TOF. JEZET PDORT D
+¢ ERUD RERTE IZ T EY A DELAY ZOUNT IN RES
e CALL E% FUTTING CHRR IN REG CHREZs AND =
L a4 ROJUTIME RETURMEZ WITH ALL 1°% IM REG CHR
TTCR LF ks P

FE RETURM
TTY0 LIZ H e~
LE ECHT R ZET EIT COUIMT F

ra P:l:i X

auTE OFOF OUTFUT EZTART EI

DELAY ROUTIME-- 3.3MEZ FOR 200 EAUD. 2

LF Hs EALID GET DELAY COUMT
= HOF FOR DELAY

IMCRE WITH R S U

HOW MEST EIT
ALL FIMIsERCK T
GET CHARRCTER
MAZK OFF HALL EU
OUTFUT THE MEMW
HOW ZHIFT THE ©C

FILL WITH 173 F

*
EDIs EF oLyl HOW DELAYs THEM
*

*

¢ EDUCATOR IMITIALIZATION

*
SSAD T EDUC LIZ O CLEAR IMTERRUFT FORTS
SSRE SE LE  Z:H C_EAR ZTORE MODE FLAS
SSAF 207F LI H'FF"

A31



FORMULATOR A

-EMELEF

- OEJECT ALODE

Z4FE
5413
: TE
SE
=L

1

APPENDIX H (Continued)

CREN E. 00

LIME ZOURCE ZTATEMENT

1221 ouTE 0

1222 LTEU 7

1 = LIZL 0

1 IMC

1 LF I+H

1 LF A L ZAWE QU FOR RETURM TO FRIR-
1 LF TsA

1 + LOAD ZfEROEZ IMTO ADLE DIZFPLAY AMND DC

1 A= LIZU &

1 LIZL =

1 LIZ 10

1 Rz LE DsA

1 ERYT  REO0

1 LIZ 4

1 LF YA

1 ¢ LOARD MEMORY TO DATA DIZFLAY

1 ncIroon

1 LFE [EER

1 FI MTDD

1 ® ZCH

12 A=

1;

124%

1244

1245

124

1247

124 LORD DELAY TIME FOR REFERT
1243

1250 LOARD FIRET DELAY TIME FOR R
1251

1258

1253 ERANCH IF KEY ZTILL DOWN

1; RS

1;

1;

1; RS ERANCH IF NO KEYSE

1: AS4

12 =)

1z RZZ ERANCH IF FIRST DELAY IS OV
12 5

12 A=

1: &

1z A= BRANCH IF DELARY TIME IS OVE
1: =

1: ! Es A FELORD DELRY TIME FOR REPER
1267 EF RS

1253 o DETERMINE WHICH KEY WARS DETECTED

1269 RS4 LR Hs DI

1270 LI H 10

1271 M= ]

1zve EMZ RS ERANCH IF NOT HEX DISIT KEY
127z AP RET

1274 A& IZI  FUNC

1275 15

12785 ]

1z ’ OsH

12 EBZ A1

iz A4 LIz =

12 ADC

12 D= 1]

A32

A32



APPENDIX H (Continued)

FORMILATOR AZZEMELER CREY Z. 00
ERFRZ LOZ OBJECT ADDR LIME ZOURCE ETATEMEMT

EL T SE03

LR Fids it
FUMC JMF DA
EMT
IA
MaswL
MosD
=TH
=0

KEY DETECTELD

NI Bt |

EFRAMCH IF HOT ZTORE MODE

I

o

% [ L R N
—
=

m =l

ERAMLC
“FF* ALDREZ:

IF MO DIGITE EMTERELD
DIZFLAY TO DG

T I - e

DATA DIZFLAY TO MEMORY

ZET DIGIT COUMT TO &

e
I

ZET DIGIT COUMT 7O ¢

-
AL

DETECTED
“FF* DIZFLAY OFF

= BN

SoZozn

EN0

o Lo T

IMTERRUFT OFF

o
-
f

: REITORE GU FOR FAIR-ELS
FE
“ INCREMENT RDDRESZ- KEY DETECTED

FI  INAD  IMCREMENT ADDREZE DISFLAY
24 FI  MTDD  MEMORY TO DATA DISPLAY

EMZ  R23 ERANCH IF =TORE MODE FLAG
ER LA
¢ “DECREMENT ADDREZZ® KEY DETECTED
DR FI  DEAD
FI  ATDC
ER R34
s “EZTORE MODE’ KEY DETECTED
ZTM LIZ 1
3 e
EMZ  A2E ERANCH IF STORE MODE FLAG

el ettt e e e el el e e e e e e el el el i e e e e e e e e e e e e e e

A33



APPENDIX H (Continued)

FORMULATOR AZEZEMELER <REY Z. 00
ERRZ LOZ OBJECT ARDDR LIME ZOURCE ZTRTEMEMT

ZET ZTORE MODE FLAG

A
T

T

T T

R I B N N I AN

' T I

ZET ZTORE MODE LISHT FLAR

q
2R REZET ZTORE MODE FLAIG
[}
He 40
Iy A REZET ZTORE MODE LIGHT FLAR
ATDC
MTDD
LA
KEY DETECTED
1
ALE ERANCH IF STORE MODE FLAG
e
A4 ERANCH IF DIGIT COUNT I3 4
Fra
7
142R R4 ERANCH IF DISIT COUNT IS 2
Z0FF H-FF~
ZE DECREMENT DATA COUNTER
AOAD BE3E A2

Hs I
s H
1]
R24 ERANCH IF DIGIT COUNT IS 0
1
R33 BRANCH IF ZTORE MODE FLRG
3
A28 BRANCH IF DIGIT COUNT IS NO
LIZL =
A30 LR IsA
ER? R30
¢ LOARD DIGIT TO ADDRESE DIZPLAY
RE2  LIZL 1
LR As D
LR IsA
LR IsR
LR
LR
LF
LR
LR
LF
LR
FI RDDRESE DIZPLAY TO Do

A34



APPENDIX H (Continued)

FORMULATOR AZSEMELER (REY 2.0
LOC OEJECT AIDR LINE
1404 FI  MTID
o= v
NP A

-

Di

ER e
+ “MOVE R KEEY
Mmos LTE 1
A4
H"FF~
s A
s DC
Hs DIZ
LA
Tze i
A1z
1
1433 H FD
14410
1441 2
1442 3 As 2
14473 wE 11
1444 EMZ  R12
1445 LM
0 1446 LI H 2R”
2REC 17 1447 =T
SEED 02D 267R 1442 A1V ER AlE
1443 ¢ “MOVE DOWN-
2EEF 71 1450 mMOVD LIE 1
2eF0 F2 1451 M= c
2EF1 2409 25BEB 1452 AZ24
2EF32 16 14532
F4 S0 1454 OsA
F5 20FE 1455 H"FE*
Fv = 1455
F2 40 1457 As 0
sFR 17 1452
FAR 15 1453
FE 11 14a0 H» D
FC 7 1451 1
EEB 1452 11
24F 0 2REF 1443 MOv D
INEC S5ED 1454 AL7T

A35

ZOURCE =TATEMEMT

MEMORY TO DATA DIZPLAY
DECREMEMT DIGIT COUMT

ERAMCH IF DIGIT COUMT HOT &

CLEAF DATA DIZFLAY

ERAMCH IF DIGIT COUMT IE=
DIGIT TO DRTA LIZFLRAY

ZE

' DETECTED

ERAMCH IF MOT IM ZTORE MOIDE

KEY DETECTED

ERANCH IF NOT IN =TORE MODE



APPENDIX H (Continued)

FORMULATOR AZZEMELER CREY Z.00
ERRZ LOC OEJECT ADLDR LIME ZOURCE =ZTRTEMEMT
1465

14EE
14E7

'z DIZFLAY TO DC =UEROUTINE

Ixx)
=
T
—_
%
M = = '.ﬁx 1:;E| -‘:J lj-. |_i1 .p |‘_;_‘| rx‘_'| v—n .i. -‘[‘n oo

+ MEMORY TO DATA DIZPLAY ZUEROUTINE
*
MTOD LI=L 4

IR I I R
i

L e e e

4719 F4
871R SC
B71E 1C

I (Y]

ERAMCH IF DIGIT WAZ NOT “F~
ERANCH IF NOT MZD

I DD e &

o o =

- I

O o0 0

ADDRES=S DIEZPLAY ZUBROUTINE

avan 1%14 22 ERANCH IF DISIT WRE NOT ZER
1515 A 15 TO DIEZPLAY REG.
5 31 ERANCH IF NOT MED

)
=]
n
e}
-

N o
—
g

ZCZAM KEYBROARD =UEROUTINE

0 P
A s IE
[=3=]

aF

SE IR

A36



APPENDIX H (Continued)

FORMULATOR AZZEMELER CREY Z.00

ERRE  LOC DEJECT ADDR LIME ZOURCE ZTATEMEMT

o LOAD KEY CODE
AZ® LI 17
LR
+ LOAD
L1

= 2017

S

20FE

SC LF
¢ OUTPUT
TF A4 LIE
E1l ouTsE 1
Zocn LI H oo
0 EN ouTE n
S 3E LE As D
J auT il
¢ READ KEYE
LIE

1
4
A4 ERAMCH IF MO KEY IN THIZ O
4
=

A41  EM

42 ERANCH IF KEY IZ IN THIZ RO
¢ 30 TO MEAT ROW IF MOT LAZT ROW
o= ]
I =
B2 A7 ERANCH IF LAET ROW IMN THIZ
EL 1
EF A41
¢ IZ THIZ FIRET ZCAN
A42 LIZL ¢
01

%48 BRANCH IF KBD FLAS NOT ZET
¢ REZET KERD FLAG

LF IsA
¢ COMPARE TWO ZCANE
LR Hs =
n
1 A4& BRANCH IF ZCANS ARE THE =AM
ER H45

* CHHNGE KEY CODE FOR NEXT COLLMN

SE A43  LIZL &
SOFC LI H"FC~
(1] HE i}
S0 LF Os A
¢ ZHIFT ZTROBE ONE FPOSITION
L1 A44  LE As =
13 1
2301 1
SC LF R
+ HAZ LAET COLUMM BEEN ZCARNNED ALRERDY
MI H 40
2FEC EMZ R4 ERANCH IF NOT LAET ETRORE

¢ ZTORE “FF” IN KEY CODE REGISTER
A4S LI HFF~

LE s A
¢ REZET KEBD FLAG
LIZL ¢
LI= 0
LR ZsA
a2va0 ER AS1

+ RESTORE IZAR

A37



FOF

ERFE

APPENDIX H (Continued)

MLULATOR EMELEFR CRE% Z. 02

LOZ OEJECT HADDRE LIME ZO0URCE ZTHTEMEMT

TO HEXT ROW

LIZL &

ER  A4d

ZET KED FLAG

43 LR InA

ITORE KEY CODE OF FIRET
LF A0
LR DIsA

¢ LOAD COUMTERS FOR EOUMCE

+ I

ERANZH IF

arar 1812 43 ERAMCH IF
1613
1614
1615

B4E0  BTFS 1616 ERANCH IF

$
T

&E 1817
FNFE STEIE 1812 chl

1619

¢ DIZPLAY ZUBROUTINE
®
DIzP LIZ

LIZL

—-

al ZAVE REG.

ZAVME RER.

J o=

w o~

b AT RS 3
=

T ID T~
e 8 a
b (O e ]

T =
=]

N0 T S 0 e T e o e

== o Ny T

[n BN g

14

1

T

T
I A A N
AR T

T4 T
=g T L

Pt b b b b b b b b b b b b b b b b b b b b b b b s bt

[2 0 ¢}

A38

=IZHM

TIME OF
LIZF REZTORE DIZFPLAY

COUMTER

COUMTER

HOT KRBD

ZER

ZER



APPENDIX H (Continued)

FEZTORE REG. 0O

16
1¥ FEZTORE REG. 1
1
1 *
1 ¢ EZ0OME ZUBROUTIME
1 * LOARD ZTARTIMG LOCATIOM OF =Z0OMG COMITAM
1 * LOARD TEMPO INTO R7.
1 *
Z040 1 =0Ms LI H 40"
0 SE 18 Ea A ZET MOTE FLAG
47 1 As 7
St} 1 Ss A ZTORE TEMPO COMZTANT IM L0OR
15 1
=4 1 ZTORE MOTE DURARTIOMN COMZTAN
51 1 FETAIM MOTE DURATIOM COMZTA
F1 16
2437 2YFF 1 EMD OF ZOMG IF MOTE DLPATIO
158 1
b 1 RETAIM MOTE PITCH COMZTRNT
237F 15
2402 27yDho 1 ERANCH IF MOT A REZT
b 16 CLEAR NOTE FLR&
Z0FF 1 A2
59 15 LOARD PITCH COUNTER A
TE 15
S 1 LOARD FITCH COUNTER R
473 1 R3S
2 1 ZTORE NOTE FPITCH CONSTRAMT I
RS 1
E& 1 ; &
B3 1¢ ouTsE 3 TORGLE OUTPUT PORT
3 1¢ AR11 D= k]
2404 27EN 1 [2L=] BRANCH IF PITCH COUNTER R N
233 1627 2
2405 27ES 1888 A7 BRANCH IF PITCH COUNTER R I
32 1629 A8 2 DECREMENT NOTE PITCH CONSTR
21F8 37DA 1890 R11 BRANCH IF NOTE PITCH CONSTR
Q0F1 27DS 1891 RASS 50 TO TOGGLING OF QUTRUT
32 1892 A7 2 DECR. NOTE PITCH CONSTRNT T
22 1593 2
b 1594 )
52 1695 2R RELORD PITCH COUNTER B
34 1598 4 DECREMENT NOTE DURRTION CON
2403 2FF32 1897 A10 BRANCH IF NOTE DURRTION CON
41 1598 As1
54 1599 4R RELORD NOTE DURRTION CONSTR
= 25 1700 S DECREMENT TEMPO CONSTANT
27YEF 24ER 27DA 1701 R11 BRANCH IF TEMFPO CONSTRNT NO
B7FF1 0CC 3FBE 1702 SONG GO TO NEXT NOTE
a7YF2 71 1703 RA10 1
237F4 ES 1704 3
27FS 4E4 37DA 17035 R11 BRRANCH IF TEMPO CONSTANT NO
2FF7 22 1708 2 DECR. NOTE FITCH CONSTRANT T
3YF2 71 177 1
27F2 E4 1702 3
Z7FRA 94DF 27DR 1709 Ri1l BRANCH IF NOTE DURRTION CON
S7FC 56 1710 SR CLERR NOTE FLAG 7O FROVIDE
2YFD 30DC 2YDA 1711 R11
27FF 1C 1712 FINE
1713

A39
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