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I. INTRODUCTION 

TIM is the Terminal Interface Monitor program for MOS 

Technology's 65XX microprocessors. It is supplied in read-only 

memory (ROM) as part of the MCS6530-004 multi-function chip. 

Because the TIM code is nonvolatile, it is available at system 

power-on and cannot be destroyed inadvertently by user programs. 

Furthermor~, the user is free to use only those TIM capabilities 

which he needs for a particular program. Both interrupt types, 

interrupt request (IRQ) and nonmaskable interrupt (NMI) may be 

set to transfer control to TIM or directly to the user's program. 

TIM communicates with the user via a serial full-duplex 

port (using ASCII codes) and automatically adjusts to the speed 

of the user's terminal. Any speed--even. nonstandard ones--can 

be accommodated. If the user's terminal has a long carriage 

return time, TIM can be set to perform the proper delay. Com

mands typed at the terminal can direct TIM to start a program, 

display or alter registers and memory locations, set breakpoints, 

and load or punch programs. If available in the system configura

tion, a high-speed paper tape reader may be used to load programs 

through a parallel port on the MCS6530-004 chip. Programs:may be 

punched in either of two formats--hexadecimal (assembler output) 

or BNPF (which is used for programming read-only memories). On 

loading or modifying memory, TIM performs. automatic read-after

write verification to insure that addresses memory exists, is 

read/write type, and is responding correctly. Operator errors 

and certain hardware failures may thus be detected using TIM. 
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TIM also provides several subroutines which may be called 

by user programs. These include reading and writing characters 

on the terminal, typing a byte in hexadecimal, reading from 

high-speed paper tape, and typeing a carriage-return, line-feed 

sequence with proper delay for the carriage of the terminal 

being used. Program tapes loaded by TIM may also specify a 

start address so that programs may be started with a minimum of 

operator action. 
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II. SYSTEM CONFIGURATION 

Since TIM is a "program" resident in the MCS6530-004 it 

must be properly configured in a proper system environment. 

Figure 2-1 represents a block diagram of a minimum system 

utilizing the TIM program. The MCS6502 is the controlling 

microprocessor with two pages of memory (pages 0 and 1) repre

senting the minimum RAM requirement. These devices, as well as 

a representative schematic for the TTY, EIA interfaces, are 

shown in Figure 2-2 which is a detailed system schematic utiliz

ing the MCS6530-004. Note that the TIM function select equa

tions are found on this schematic. 
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III. OPERATIONAL FEATURES OF TIM 

A. TIM Commands* 

Command 

.R 

.G 

.M addr 

• : ADDR data 

Description 

Set line speed. After RESET, a carriage re-

turn is typed to allow TIM to measure the 

line speed. 

Display user registers. The format is: 

PC P A X Y S 

where: 

PC is the program counter 

P is the processor status 

A is the A (accumulator) register 

X is the X (index) register 

Y is the Y (index) register 

S is the stack pointer low byte (high 
byte is always 01) 

Go. Begin execution at user PC location 

(see R command) • 

Memory examine. TIM will display the eight 

bytes beginning at address addr. 

Alter registers or memory. TIM allows the 

user to alter registers (if R command pre-

cedes) or memory (if M command precedes). 

Values for registers or memory locations 

which are not to be changed need not be typed 

* Characters typed by the user are underlined. All other charac
ters are typed by the computer. i means carriage-return. 

/ 
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• LI-I 

-these fields may be skipped by typing 

s~aces instead of data. The remainder of 

the fields in a line may be left unchanged 

by typing carriage return. The : command 

may be repeated to alter subsequent memory 

locations without the necessity of typing 

intervening M commands. Note that TIM 

automatically types spaces to separate data 

fields. 

Load Hexadecimal . THI responds with car-

riage return, line-feed and loads dqta in 

assembler output format from the terminal or 

high-speed paper tape reader. The format is: 

Zero or more leading characters except 

" -" I (usually blank leader) 

Any number of records of the form: 

;ccaaaadddd .... ddssss 

where:~ 

cc i~- the number of bytes in the 
record in hex 

aaaa is the hex address to store the 
first byte of data 

dddd .... dd is the data (two hex digits 
per byte) 

ssss is the check-sum, which is the 
arithmetic swn, to 16 bits, of all 
the count,. address and data bytes re-
presented by the record 

A terminating record of zero length, 

either: ;00 or ·+ I 
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.H 

. WH addl addhf 

• WB addl addhf 

Note that read-after-write and check-su~ 

t~sts are performed. An error will result 

in a "?" being typed· at the point the error 

oc~urred. Data from records with bad check-

sums is deposited in memory as received., 

prior to the error stop. 

High-speed/low-speed reader switch~ ·This 

command switches the load device from· the 

user's terminal to the high-speed reader 

or vice versa . 

Write Hexadecimal. An assembler-format tape 

is generated at the user's terminal. Format 

is as described above in the LH com.~and des-

cription. Note that the address range must 

be specified with the lowe~ address first. 

As in the Alter command, TIH types the 

space between the address fields . 

Write BNPF. A BNPF format tape is generated 

'at the user's terminal. Format is one· or 

more records as follows: 

aaaa BddddddC.dF BddddddddF . BdddddddclF B.ddaddcddP 

where: 

aaaa is the address of the first of the 
four bytes specified in the record. 
(Note: DNPP conventions require that 
the letter ''B" never occur in the address 
field. Blanks arc subs ti tutcd by 'l'IH.) 
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B is the 1 et ter ''B" / meaning begin data. 

dddddddd is eight datc:t bits-P for logical 
true, N for logical false. 

Fis the letter "F", meaning finish. 

Note that the BNPF format is output as multiples 

of four bytes. Thus, a multiple of four bytes 

will always be punched e~en if a non-multiple 

of four bytes is specified. 

Cancel Command. While typing any command, its 

further effect may normally be· terminated by 

typing one or two carriage returns, as required. 

During alter (:), carriage return·means that no 

further bytes (or registers) are to be altered. 

B. TIM Interrupt and Breakpoint Action 

BRK 

The BRK instruction causes the CPU to interrupt execution, 

save PC and P regis:t:~rs on the stack. and branch through a vec-

tor at locations FFFE and FFFF. TIH initializes this vector 

to point to itself on RESET. Unless the user modifies this vec-

tor, TIN will gain control when a BRK instruction is executed, 

print an asterisk·"*" and the registers (as ·iri R conu--nand), and 

wait for user corr .. .rnands. Note that after ~. BRK which vectors to 

TUI, the user's PC points to the byte following the BRK; how-

ever, users who choose to handle BRK instructions themselves 
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should note that BRK acts as a two-byte instruction, leaving 

the PC (on return via n·rr) two bytes past the BH.K instruction. 

IRQ 

Inte.rrupt Request is also vectored through location FFFE. 

The CPU traps (as with BRK) through this vE;ctor when IRQ goes 

low, provided interrupts are not inhibited. Since this vector 

is the same as for BRK, TI.U examines the BRK bit in the· P 

register after this type of .interrupt. If a BR..'< did not cause 

the interrupt, then ·TIM will pass control through the UINT 

vector. Users should normally put the address of their in-

terrupt service routine in the UINT vector location. If an 

IRQ occurs and UINT has not been set by the user, TIM reports 

the unexpected interrupt in the same way as an NMI (see below)_ 

NMI ·--
Non-Maskable Interrupts vector through location FFFA. TIM 

initializes this vector at RESET to point to itself. If an N~lI 

occurs, a pound-sign character~(#} precedes the asterisk and CPU 

registers printout. This action is the same for IRQ's if the 

user h~s not set this vector to poin~ to his own routine. 

RESET or POWER-UP 

On RESET or POWER-UP, TIM takes control, iriitializes itself 

and the system, sets defaults for interrupt vectors and waits for 

a carriage-return input from the user to determine terminal line 

speed. After carriage-return is typed; control is passed to 

the.user as in BRK. - 10 -



c. TIM Monitor Calls and Special Locations 

Call Address Action .Ar<I..:_ Result Notes 

JSR WRT 72C6 

JSR RDT 72E9 

JSR CRLF 718A 

JSR SPACE 7377 

JSR WROB 7281 

JSR RDHSR. 733D 

Function 

Start Address 

CR-LF Delay 

UINT 

NMI VectoJ.. 

RESET Vector 

IRQ Vector. 

----
T"ype a character A None A,X cleared 

y preserved 

Read a character None A x cleared 
y not preserved 

Type CR-LF and delay None None A,X cleared 
Y preserved 

Type a space None None A,X,Y preserved 
character 

Type a byte in hex A None A,X cleared 

~ 

Read a character 
high-speed paper 
reader 

Locations 

OOF6,00F7 

OOE3 

FFF8 

FFFA 

FFFC 

FFFE 

y preserved 

from None x-char y preserved 
tape read 

A-char 
trim.11ed . to 7 bits 

Notes 

Set with hex tape on load 

Set on load or with user program {in bit 
-times, min'imu...'ll of I. Zero means 256 bits
time delay). 

User IRQ vector 

Hardware NMI vector 

Hardware RESET vector 

Hardware IR;,2 vector 
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D. TIM Memory Usage 

TIM uses the top 29 10 bytes of page zero (locations OOE3 

through OOFF). The user is advised to uvoid these locations, 

except as noted above, if return to TIM or use of TIM sub

routines is required before RESETing the processor. TIM also 

uses the hardware stack when it is in control. Provided the 

user does not alter the stack pointer during a break, and pro

vided the stack does not overflow, TIM will restore the stack 

to its original status before returning to the user's program. 

The user is advised to use page 1 (the stack page) cautiously, 

leaving at least 2010 bytes for TIM use during a break or when 

using other TIM functions. 
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IV. TIM CHECKOUT PROCEDURE 

The following step-by-step procedure assumes the user has 

built the TIM hardware system and is now ready to verify its 

functionality. 

{ ) 1. Turn power on, or if the power is on, perform a RESF.T 

operation. Type a carriage-return on the terminal. TIM should 

respond with: 

* 7052 30 18 FF 01 FF 

{Exact values may vary, although the first and last values should 

be as shown). If no response or a garbled response occurs, RESET 

and try again. In case of continued trouble, refer to the diag-

nostic section of the MOS Hardware Manual. 
:;>i;._ ~? A .Y: ·/ $ 

The "* 7052 30 18 FF 01 FF" printout is TIM's stan-

dard breakpoint message format. It consists of an asterisk "*" 

to identify the breakpoint printout, followed by the CPU register 

contents in this order: PC, P, A, X, Y, and S, i.e., Program 

Counter, Processor Status, Accumulator, X index, Y index and 

Stack Pointer. Note that all TIM inputs and outputs are in base 

16 which is referred to as hexadecimal, or just hex. In hexadeci-

mal, the "diqits" are n, 1, 2, ... , A, B, c, D, E. F. After print-

ing th~ CPU registers, TIM is ready to receive commands from you, 

the operator. TIM indicates this "ready" status by typing the 

prompting character"." on a new line. 

{ ) 2. TIM's response to RESET is to wait for a carriage-

return and then print the user's register~. TIM uses this car-

riage-return character to measure the terminal line speed. 

If you have a settable-rate terminal, change the 

- 13 -



rate (any speed between 10 and 30 cps will work) and repeat 

Step 1. TIM should respond at the new terminal speed. 

( ) 3. The user's CPU registers may also be displayed 

with the R command. Type an R. The monitor should respond. 

as above, but without the asterisk. Presence of the asterisk 

indicates that an interrupt or break instruction caused the 

printout. 

.R ·7052 30 18 FF 01 F~ 

( ) 4. Displayed values may be modified using the Alter 

(: ) command. To modify register contents, type a colon (:) 

followed by the new values. For example: 

.R 7052 30 18 FF 01 FF .. 0100 00 Off 00 00 FF . . - -

.R 0100 00 00 00 00 FF 

Notice that TIM automatically types spaces to separate 

data fields. {Note: Characters typed by you, the user, are 

underlined in this document for clarity. Everything else is 

typed by the computer.) Examine your registers (R command) 

to verify the changes. 

Memory may be examined and modified, as above, using 

the M and : commands. Try this: 

.M 0100 00 66 23 EE 01 A2 41 6E 

The memory command (H) causes TIM to type the contents of 

the first eight bytes of memory. (Memory data will be random 

on startup). Alter and verify these bytes using the Alter 

command, as above: 
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.M 0100 00 66 23 EE 01 A2 41 6E 

0100 00 01 02 03 04 05 06 07 

If only part of a ~ine is to be altered, items to be left 

unchanged can be skipped over by typing blanks, and carriage-

return c+) . Try this: 

.M 0100 00 01 02 03 04 05 06 07 

.. 0100 FF FF FF + 

.M 0100 FJ? 01 FF FF 04 05 06 07 

( ) 5. Try to alter a location in TIM Rm!: 

.M 7000 85 F9 A9 23 DO 58 A9 16 

7000 00? 

TIM verifies all changes to memory. Since locations 7000 

through 7007 are in read-only memory, alteration is not pos-

sible. TIM signals write failure with a question mark~ 

Similarly, the monitor will notify you of an attempt to alter 

a non-exist~nt location: 

.M 9000 90 90 90 90 90 90 90 90 

9000 00? 

Note that attempts to read non-existant memory will normally 

yield the high-order byte of the address read. 

( ) 6. There are three hardware facilities which may be used 

to stop a running (or run-away) program without the program 

itself calling TI.M . These are the hardware "inputs RES.ET, 
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IRQ, and NMI. To test this feature en.tcr the following 

program at location 0000: 

locatior contents instruction 

0000 4C LOOP JMP LOOP 

0001 00 

0002 00 

{Use the Mand : commands.) 

Nm·1, set the program counter (PC) to this location using_ 

the R and : commands. Finally, tell. TIM to start executing 

your program using the Go (G) command: 

.M 0000 FF 11 11 11 91 91 71 91 

. - 0000 4C 00 00 ). 

.M 0000 .4C 00 00 11 91 91 71 91 

.R 0000 30 00 00 00 FF 
. 0000 + . . 

.G 

The cora;;mter should now be executing the program. It will 

continue to run until interrupted. Using the interrupt request 
• 

line (IRQ), interrupt the processor. It should respond with: 

* 0000 30 00 00 00 FF 

Try the same experiment with non-maskable interrupt (NNI) • The 

result should be the same except for a "#" character preceeding, 

which id2ntif ies the NMI printout. Finally, try it with RESET. 

RESET, however, forces a CPU branch to TH1, 1 osing the old 

PC and other regi3ter contents. Thus NMI is the preferred means 

for manually interrupting prog.:cam execution_ IRQ may also be 
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used unless it is required for other functions such as periph-

eral interrupts. 

( ) 7. Use M and : to enter the following t~st program called 

CHSET because it prints the character-set on the terminal. 

Note that ~lter (:) com.TTiands may be repeated without intervening 

M com.TTiands to set sequential.locations: 

;CHECKOUT PRCGRAM PRINT THE CrARACTER SET CN USER TERMit\AL 

CRLF =$128A ;~CCRESS CF TIM Cf<LF ROUTINE 
WRT = j 7 2C 6 ;ADDRESS CF TIM \.\Ri1E RCl!Til\E . 
t 

CC\.. .... ~=C ;V/lRI~eLE STCRAGE IN PPGE ZERO 
llfPCOO· CH~R li-=~~+l ;STORAGE FOR Cl-'ARAC TE R . ,. 
uOOl $=$01CO ;PRCGRAl" ~TAR1S Ci\ P ti GE Ci\E . 
lig; 

t 

2C SA 72 CH SET JSR CRLF ;cc C~RRIAGE f<ETURi\ & LINE FEEC 
Ac; 20 LOA #$20 ;FIRST CHAR I S A SPACE 

Cl CS €5 00 STA Cr AR ;INITitlIZE . 
t 

•101 t5 00 LCCP LOA CHAR ;C:ET CPARACTER 
ClC9 C9 60 CMP #$60 ;CHECX FOR LIMIT 
•1oa FO 08 8EQ CONE ~;DONE IF 60 . ., 
Cl CD 20 Ct 12 JSR \1RT ; PR If\ T CE.AR 1110 E6 oc INC CHAR ;f\EX1 CHAP. CCOE 

112 4C 07 Cl JHP LCC:P ;CCNTINUE . 
~ 

9115 cc OONE BRK ;STOP l: RETl.1R1'1 TO TIM ~C~ITCR . • 
"C'll6 4c co· c1 JMP CH SET ;OO IT AGAIN 
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.M 0100 20 8D 72 20 EC 72 80 26 
A5 .J._,.,;·~ 

...,._ . 
8A. 12. 

...., . . 0100 20 A9 20 85 00 
--~,----- ··1~ l.1 •• _, 

. - 0108 00 C9 11 60 FO 08 20 C6 72 
.~- -.. 0110 'E6 00 4C 07 01 00 4C 00 

--"...- -. 0118 01 i . . 

Now run the program. Do this by setting the PC to 01.00 

and using fhe G COITu~and. The listing should look like this: 

.R 0000 30 00 00 00 FF 
• : 0100 l-
·G 
~1#$%&tC>*+,-./Oli345~789:.J<=>?@ABCDEFGHIJKLMN0PORSTUVWXYZ[~ft~ 
* 0116 33 60 00 00 FF 

The program may be continued, causing it to execute again, by 

typing G: 

·G 
T11 # S%&. () *+, - • /0123-45 6 7 89:; <==> ?@ABCITEFGHI J:-<LMNZPQRSTUVWXYZ[ \. J t ... 

* 0116 33 60 00 00 FF 
•_(! 

!••#s%&' C>*+,-./01234567B9:J<=>?@ABCDEFGHIJKLMNCPQRSTUVWXYZ(\.Jt
* 0116 33 60 00 00 FF 

·G 
! ••tt S%&' C > =i<+, - • /0123 4567 89:; <= > ?~ABCDEFGHI JXLMNCPORSTUVWXYZ[' J 1 ... 

* 0116 33 60 oo oo rr 

The. CHSET program uses two TIM monitor functions: CRLP 

is the TI!I function which causes a carriage-return and line-

feed to be typed on the terminal. WR'l' is the routine \·1hich 

prints the character whose code is in the A register at the 

time of the call. 

( ) 8. Save the CHSET program on paper tape (if your 
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terminal has a punch) as follows: First, punch some leader 

tape with the terminal in local mode. Then return to line 

mode and enter: 

.WH 0100 0118 {. 

Turn the punch on after typing the .second address,. but before 

typing carriage-return. Then type carriage--return to punch 

the tape. When punching stops, turn the terminal back to local 

and type: 

;00 

and some blank trailer. This is a zero~length record which 

terminates your tape. See Appendix II for more information on 

tape \formats. 

{ ) 9. Try re-loading your program using the LH cominand: 

.LH 

Now start the reader to load the program. The tape will be 

read and printed simultaneously. Stop the tape ·when the end is 

• 
reached. {Before loading, you may wish to destroy the program 

in memory to verify that loading from tape actually works.} 

{ ) 10. Use the M and co~mands to load the following program: 

- 19 -



;CJ-ECKOUT PP OGRAM -- PRHd Bii'lARY OF T'tPED CHARACTER . 
~ 

t;cc :;;: = c ;VARIABLE STGR~CE IN PAGE ZERO 
0000 BINARY (.; =::} + 1 ;STCR.ACE FCR CHAR CUR1i\G CISSECTICN 
~01 CCUi\T :.:~;:~ ~ l ; COU-il OF BITS RE~AHdi\G TC PRINT . , 
0"00 2 $=$0109 ;PRCGRAf>I EEG I l\ S CN PAGE CNE . 

' CRLF =~728A ;TIM CPLF RCl!TINE 
WRT =$72C6 ;TIU "1R I TE RCUTil\E 
ROT =$72E9 ;TIM ~EA C RCUT IN E 
SPACE = $ ·13 7 7 ;Till SPACE flCt:Tii\E . , 

Cl CC 2C SA 72 Pe IN JSR CRLF ;PRil\T C~8RIJ1GE RETURN ~ LINE FEEC 103 20 E9 72 JSR ROT ;GET A CHARACTER 
'c (; 85 cc STt eIN.ornY ; S tV E FCR [ISSECTICN 
lC8 2C 77 7'?. JSR SP.4CE .;PRii\T t SFACE 

~(8 A<; CB lCt #8 ;INITltlIZE EIT COUNT 
cc 85 Cl STA COUNT . 

l~~ 
t 

AS 3 c: PBLCGP lCA #f.10 ; .ASS Ui'·'. E ZERC: LGAC J\S CI I nou 

Cc co A ~l BINARY ; C=NE ~ l BIT 

113 ec 02 BCS PRil\T ;PRii'lT ZERO . 
' . 

15 
" <; 

31 LOA fP 1 ;LOAD ASCII ti 111 

; 

(17 2C C6 72 PRINT .J ~ R !,,RT ;PR1i\T e 1·i\ ~ R 'I C lG IT 
. l ~ . C6 01 CEC CCUl\T ; co lf\i 1 eIT PRil11EO 

CllC lC Fl ePL FBLCCF ; to f\EXT e IT 

[1E 
. 
t 

1t c co 01 J fJ p Pe I f'i ;DO 1T ALL AG<ll~ 
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.M 0100 20 8D 72 A9 20 85 00 AS ---.. 0100 20 8A 72 20 E9 72 85 00 

.. 0108 20 77 73 A9 08 85 01 A9 -- - - -

.. 0110 30 06 00 BO 02 A9 31 20 

.. 0118 C6 72 C6 01 10 Fl 4C 00 

. . 0120 01 + 

The purpose of this program is to print the binary rep-

resentation of an ASCII input character on the terminal. 

Run the program by starting it at location 0100. Try typing 

some characters: 

.R 0116 33 60 00 00 FF 

.: 0100 + 

.G 

u 101010101 

.§ 101111011 

1 110011101 

There is obviously something wrong \:1ith the program. Bits 

which should be printed as l's are O's and vice versa. (Ref er 

to your 65GO reference card for character codes.) Looking at 

th~ program, the problem is that the branch after PBLOOP goes 

the wrong way! It should be BCC, Branch if Carry Clear (or 

alternatively, the 1 and 0 loads could be interchanged). Thus, 

when a one-bit is shifted out of the ch~racter, a one should 

be printed. 

Patch the program and try again the code for BCC is 90). 
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.M 0113 BO 02 A9 31 20 C9 72 C6 ---

.. 0113 90 + 

.R 7052 31 FC FF 01 FF 

. . 0100 + 

.G 

u 010101010 

B 010000100 

1 001100010 

There is, alas, still an error--one too many bits is 

being printed. The cause of this is a little less obvious. 

(Do you see it?) To investigate the problem, set a-breakpoint 

at location OllE. Do this by replacing the instruction there 

with a BRK (code of 00). Then run the p~ogram: 

.N OllE 4C 00 01 EF 4C 00 01 00 

.. OllE 00 + 

.R 7052 31 FC FF 01 FF 

. . 0100 + 

.G 

u 010101010 

* OllF BO 00 00 AA FF 

Once the break has occurred, you are free to investigate 

the state of the program using TIM. In particular, check the 

value in location COUNT: 

.M 0000 00 FF lB 2E 31 EA FO FA 

Aha! Although COUNT starts out with a value of 8, it is going 

one step too far (FF is minus 1) . This is b8cause the test 

instruction, BPL PBLOOP is testing to see whether the count is 
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greater than or equal to zero. Replace it with BNE (code DO), 

replace your breakpoint with the original contents at that 

location, and try the progrrun again . 

• M OllC 10 Fl 00 00 01 EF 4C 

OllC DO 4C i 

.R OllF BO 00 00 AA FF 

.. 0100 ? 

• G 

u 01010101 

B 01000010 

1 00110001 

I 01001001 

w 01010111 

0 01001111 

R 01010010 

K 01001011 

• s 01010011 
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! ,~,g~ 

OGOl 

0(02 

&cc 
. \,; 103 

0 Wi'.16 
ca;:e 

2C EA 72 
20 E9 72 
85 00 
2C 17 1?. 

c.: 0 AS 08 
c~~ as c i 

O~· F 0 ;l l 
0 3 

Cl17 
CllJ. ft 
(:~C 

A<; 3C 
Cc CO 
90 C2 

20 cc 7 2 
(6 01 
DC Fl 

0•1E 4C ao 01 

;CHECKOUT PROGRAM -- PRINT BI~ARY CF T~FED CHARACTER 

. , 
:i:=C 

BINJ\RY ~l!:;,)+l 

ccur-. T :ii<=:)+ 1. . . , 

. , 
CRLF 
\-lRT 
RCT 
SPACE . 
" 

. , 

. , 

°*=$01CO 

=$128A 
=!72Cc 
= $72 E9 
=$7377 

JSR CRLF 
JSR ROT 
ST~ eH-iAR't 
J~f< SP~CE 

lCft 118 
STA CCUNT 

P8LCGP LCA i!-10 
ASL BINARY 
ECC PRir-..T . , 

-ll 
PRINT 

. , 

J~R \.RT 
DEC CCUf'.T 
BNE PBLCCP 

J?JP PEif'.i 

;V~RlftELE STORPGE IN PAGE ZERO 
;SlCR~GE FCR C~AR CURI~G CISSECTION 
;COCN1 CF BI15 RE~AI~I~G TQ PRl~1 

;PRCGRA~ BEGI~S GN PAGE CNE 

;TIM 
;Till 
;TU1 
; TIU 

CRLF l'<CUTINE 
l-RITE RCVTit\E 
f<EAC RGUT INE 
5FACE FCUT H.E . 

;PRI~T C~RRID~E RETURN E LINE FEELJ 
;GET A CrARAC1ER 
;SA~E FOR CISSECTIC~ 

;PRii'T /J SFACE 

;INITitLIZE Ell CCLNT 

;~SSU~E. ZERO: LOAD ASCII "Ott 
;C=l\EXl BIT 
;PRil'lT ZERO 

; LC AD A SC I I i1 1 11 

;PRI~l eihftFY CIGIT 
;COl~T eJT PR1~1EO 
;co t-.EXT eIT 

;oo 11 ftll AGAii\ 

CORRECTED PBIN PROGRZ\.M 
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( ) 11. Save the corrected program using the WH corrt!"nand. 

Before punching the terminating record (as above in step 8), 

turn off the punch and set the PC to the start address of the 

program (0100). Then punch locations OOF6 and OOF7 on the 

tape, then the terminator (;00), and finally, some trailer: 

.R 7052 30 37 FF 01 FF 

0100 + 
.WH OOF6 OOF7 + 
;0200F6000101A2 

• ; 00 

The resulting tape can be loaded and then started as follows: 

.LH 

(program loads in) 

.G 
• 

.) 

Locations OOF6 and OOF7 contain the starting address for pro-

grams. You may assemble and load your starting address into • 
these locations to make tapes which can be started with a min-

imum of operator action. The carriage-return delay time may 
I 

also be set in this manner. See Appendix II. 

( ) 12. It is also possible to punch Br_.PF-format tapes using 

TIM. BNPF is the format used by some ~'O~l programmers. The 

command is similar to that for writing hex tapes: 

. WB 010 0 012 7 { 

This comxnand would punch the corrected PDIN program in BNPF 
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format. Try punching a BNPF tape. (Note that TIM will not 

load tapes in this format--use hex format (WH) for saving 

programs for later ladding into your 65XX.) 

( ) 13. If you have a high-speed paper tape reader attached 

to your 65XX system, you can use it to load programs in hex 

format. The H command s~·1itches the load device to and from 

the high speed reader. If you have a high speed reader, try 

loading a tape as follows: 

.H 

.LH 

Note that control \'Till not return to the user terminal until a 

terminator record (;00) is read. 
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APPENDIX A 

MEMORY ADDRESS TEST 

A-1 



IRC :J LCC 
1 
2 
'J 

c 
7 
f 
9 

lC OCGC 
J 1 
12 
13 0000 
14 OCC2 
15 0 CC4 
le CCC6 
17 
18 OC08 
lS 

CCDE 
;~EMCRY AODPESS TEST 
;FCR E~C~ LOC I~ TEST R'~GE 

;CLEAR WHOLE RANGE 
S E1 LOC TO :EFF 
VERIFY WHOLE RAGE 100 E X C E FT ( L OC 1 . , 

, 'JERIF't tLQC) TO 2E ·fFF 
;BREAK TO ~C~ITOR C~ ERRCR hITH LOC I~ (C,l) 
;FRINT 11 ·.;: 11 ON COl":PlETICi\ OF PtSS £: REFE.AT . 
7 

. ,. 
WRT 
LCC. 
LCJ~ 

rlGF 
PTR . • 
7 

*=~COCO 

=!12C2 
~=~ -J-2 
:0>=~+2 

!';i :::.?.ii+2 
"$: ;::.:,: + 2 

:$=.$GC1C 

;PAGE 0 

;TEST CELL /!CCR 
;LC~IR LI~IT CF TEST 

;LPPER LIMIT CF 1ES1+1 
;POl~TER TC CELL UNCER TEST 

;START ACOR 

20 0010 
21 CC12 
22 C015 
23 0017 

fd:.) 00 M~D l DA ll .100 
JSR ~RT 

LOA #SCA 
JSR WRT 

;TYPE CR 
20 C2 72 
A9 0.A 
20 c4 72 

OOlA 2.0 ta CO 

2t CClO 20 71 00 

27 002C A2 00 
2€ 
29 
3C CC22 
31 CC24 
22 0026 

~9 co 
tl Cc 
2C 7/! 00 

33 0029 00 F? 
34 
'J t:; .... _, 

36 C028 A9 Ff 
37 CC2C 81 00 
~E 

39 002F 20 71 00 
/ 

4C 
41 CC32 Al 06 

_-li2 \:C34 FO 17 
43 OG3t: A4 Ot 
44 CG38 C.'• ca 
45 CC~A FO 01 
46 003( 00 
47 
~c CC3C ·44 C7 

;& LF 

. , 
J~R RSILCC ;LOC=lOW 

JSR RSTFTP ; PT R=LOW 

; 
;CLEAR MEMORY AREA lNOER lESl 
r-'ll lCA #0 

SlA {PTR,Xl ;SIC~E ZEPC 
JSR INCPTR ;I~CRE~E~T & 1EST 

. 
' 
;FUT ~FF· Il\ SELEXTEC CELL 
TEST LOA #:!FF 

Slt tLOC,Xl 

;f\EXl lCC 

;vERIFV tll CELLS ZEPC EXCEPT (LCCl 
J~R RSTPTR ;PTR=LC~ 

. 
' VLOOP LCft {PTR,Xl 

; 

eEC NEXTC 
LC'f PTT? 
CFY LCC 
EEC CJ<l 
8RK 

O:< l LD't Pl?.+.! 

A-2 

;GET CELL 
;CK IF ZERO 
;~CT ZERC--IS lrIS (LCC}? 

;l\Cl CLCC> 



.L/\P.[ ., LCC CO Cc CARD ., 

t, s 003F- ~4"' 0 l CFY LCC-rl 
5C 0041 FO 01 P.E~ CK2 
5 1 ;)01'1Z cc BRK ; l\C T (LCC) 
52 
i:; ":I OC-llr c~ FF Ci<2 c j> p #:!:FF ; IS (LCC)--IS Ct T .b CK? --
5 !1 G C 4 t: FO 01 BEQ CK3 
c:: <: C C4 c 00 ER I< ; ~i RC i\ C EtT ~ 
s::: , _c ; 
51 004 c; /19 co o:<3 l c ~ #0 ;RESET {LDC} 
~c C (l1B 81 CCP' S T /. (LCC,X) 
5<; . 

• 
6C C04C 2C 7A 00 l\f:XTC JSR Ii\CPTR ;l\i EXT CELL 

61 0050 oo·· r:c BN E VLOOP .IF t\ c 1 A1 LI~I1 

t2 ; 
63 C052 A':. cc'*' LCA LCC ;PRil\T ST.AR E\IERY P~GE ECUNCn 

·c.'t cc 51, co G7 B/\E l\iCS TAR 
t5 CC5c A~ 2A lCA # >-:,'l 

66 0058 20 C2 72 J~R ~RT 

67 CC58 /l 2 00 LCX #C ;FIX x AFTER ri.o i'i CALL 
tc ; 
6S cosc 20 ee oc NG STAR J ~R INCLOC ;NEXl LCC 

IC CC6C 00 C9 B f\E 1E ST 
71 ; 
72 CC62 20 68 00 JSR RSTlCC ;P.t)SS CG;.PLE1 E 

73 COl:5 11C 10 00 Jt' F JV J1 c ;t>1EXT PASS 
14 . 

• 
75 ;PF.SE! LCC 10 LO'ri 
7c COC:8 /l5 ·02 RSTLCC l c .6 LC\~ 

17 CCc;.\ E~ cc ~lA LCC 
78 OC6C t,r:. 03 LCµ LO'ti+l 
1S CCtE E5 Cl s 1 f. LCC+L 
EC CC7C tO RlS 
8 l . , 
E2 ;RESET PTR TC LC'ti 
E :: C071 Ar; 02 RS l P TR LCA LO, 
0 4 CC73 85 Co STµ PTR 
E~ ((7~ A':; 03 LC~ l(',H 1 
tE CC/7 85 'J 7 SlA P TR+ l 
87 CC7S 6'0 f<T S 
t=e 
89 ;INCREMENT PTR E CHECK FCR l I~ IT 
SC C07A E6 C6 li\CPTR If\ C PTR ; l~i CR EN niT 
<; l CC7C co C2 E f\ E If\ C 1 
CJ 2 . 

• 
<;3 C C7 E Ee C7 I~C FTR+l 
S4 . 

y 

c; 5 cc so t5 04 I~ C 1 l c .A rIGH ;CrECi< 
c; (:; cce2 c. 5 06 C /" F PTK 
c:;7 CC84 DO 04 B i\E I FRET ; i\C1 AT l I:-' IT 
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CMH # LCC CCCE Ct-\R C 

<; c . .. 
~ <; CC Ee 1\ ':. 05 LC!\ HIGH+l 

1 cc 0088 cs 07 c fJ ;:> PT?-+ 1 ; z = l. IF JH Lil'II1 
l cl . , 
.1 C: 2 003A cO IPP.ET RTS 
lC 3 ; 
1c 1-1 ;INCREI".Ei'd LCC £ Cr ECK FCR LI~IT 

1C5 008E Ee 00 l N CL 0 C H-i C LCC ; I NCR 
1 c..:: ccac DO 02 e r-.c: I i\C2 
lC 7 . 

t 

lC 8 008F Et. en INC LOC+l 
1 ( <; . ., 
11C CCSl µ5 <!?4 INC2 LOA H1GH ;_CHECI< 
ll l 0093 C5 Ob C1'-lP LOC 
112 CCS5 oO 04 E /\ E I LR ET 
ll3 C0$7 A5 05 LOA HIGH+l 
l 14 CC99 es 01 C lJ F LCC+l ;Z=l IF AT LI~IT 

l l:: 
ll6 0098 cC IlREl. · RT~ 

l'f'i [ CF MGS/TEO-NOLO GY 6501 AS SE?-'BL 't VEHSION 3 
l\ll'- 8ER CF ERRCRS = 07 l\U:.'8ER CF H .llRi'i Il'l GS = 0 

st' r- ec L TPBLE 

Si'i'180L VALUE LINE DEFINED CPCSS-REFEREi'iCES 

1-HGh 0004 15 95 SS 110 113 
IL R ET COSE Ile 112 
INCLOC COE8 l c :;: .ti;, 

Ii\CPTR C07 ~ SC "l -~ L. (; c 
I i\ C l C02C <; 5 <; 1 
Ii\C2 CCSI llC lC t 
IFS ET COB;) 102 <J7 

~ 

63 17 7S LDC CCC( 13 37 ltLt 49 58 105 108 llt 
1 1 '1 

LC'ti COC2 14 76 78 83 E!5 
i"~C COlC 2G 7~ 

:" l l C022 3C "'J -: 

/\EXTL C04E tC L1 2 
i\CSl.:'R CC5C t <; (;4 
( !-< 1 CC3C 1, E lt ~ 

c i< 2 CG 11!1 53 5C 
C:< 3 ( ( L,<; ':.7 54 
PT::< COC6 16 31 'tl 43 4e 8 r, Et SC C':t ,_ Sc 100 
i-: S Tl.UC CCcE 76 25 72 
f'STPTR C0 7 1 E ::! 2l ~ <j 

1EST CG2E ;6 7C 
'vlCCP co;2 41 (; 1 
i,. ,1 T 72C2 1£ 2 1 --::i 

L- (; c 
A-4 



APPENDIX B 

TIM PROGRAM LISTINGS 
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TIM VEPS!CN 1.0 -
,A~O # LCC CCCE 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
l 7 
18 
1 <; 

20 
2 l 
?2 
23 
24 
25 
26 
27 
28 
2 <; 
30 
31 
32 
33 
34 
15 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4S 
46 
47 
48 
49 
5C 
51 
52 
53 

fl.'EM PAGF C 
Ur<.C 

l'CS TECHNOLrGY 65:x 1ER1"!NAL [~TERFACE l'C~!TCR (TIM) 
VEQS!O~ l.J l\UGLST 31, 1<175 
CCPYR[GHT 1975 l'CS TfCl-~CLCGY 

l\ll R !Gt-<TS RES!=RVEO. Uf'«~LTHOR fl EC USE 
CF ALL nP PART STRICTLY PROl-IAITFO. 

PRGl'PTI~-; CrARACTER IS A PER!OC (.) 

DISPLAY CCMMANDS 

.R DISPLAY REGISTERS (PC,F,A,X,Y,SPl 
.M AOOR Q!SPLAY MEMORY I 8 RYTFS AEG!~l\Il\G AT AODR ) 

AL TEI< COM1"AND (: l 

01\TA ALTERS PREVICUSLY CISPLAYEC ITEi' CR l\fXT ITEM 

PAPER TAPE I/C CCl'l'Al\CS 

.LH LCAC HX TAPE 
• we ADCRl ACDR2 
.WH Af:CRl, Ar-:DPZ 

wRITE Rl\PF TAPE IFROI' LCW ADDRl TC HIGH AOOR2) . 
WRITE I-EX TAPE {FROM LOW ADDPl TO HIGH ADDRZ) 

CCl\TRCL CCMMAl\CS 

.G GO, CO~TI~LE EXECLTICI\ FRCM CURRENT PC AOCRESS 

.H TCGGLES HlGH-SPEEC-REACER CPTIO~ 

IIF ITS ON, TLRNS IT OFF; IF or:F, TLRNS ON 

BRK A~C ~MI F~TRY PCI~TS TC TIM 

TIM IS ~OPl«ALLY E~TERED 1-f-iEf\< A '9RK 1 Il\STRUCTIC~ IS 
F~CCU~TEREO CURI~G PRCCRAI' EXECUTION. AT THAT 
TIME CPL RFGISTERS ARE CLTPLT: PC f A X Y SP 
Al\D CCNTRCL IS GtVE~ TO Tl-E KEYHOARD. 

USFR MAY F~TFP Tl~ BY PRCGRAM~FC eRK OR INCUCEC NMI. NMI 
E~TRIFS CALSF A ''' TC PRECE8E THE·~· l~ THE CPU REGISTER 
PR I~ TCUT FCRM iH 

~Cf'.<-BRK I~TRQ IEXTEP~AL DE~ICEl I~TERRUPT HA~CLl~G 

B-2 



TIM VERSTCI\ l.Q - l'EIJ FAGE C 

UR C fl LfJC 
54 
55 
56 
57 
58 
59 
l:C 
61 
62 
0 
64 
65 
66 
67 
68 
(:q 

70 
71 
12 
73 
74 
75 
76 
17 
78 
7q 
8C 
81 
E2 
A3 
84 
ES 
fl6 
87 
EB 
aq 
SC 
<; l 
92 
<;3 
<;4 

95 
S6 
<; 7 
<; 8 
<; q 

lCO 
lCl 
10 2 
103 
1C4 
105 

cont- CARD 

A l\Cl\-ARK 11\TPC INTEPRUPT CAUSES AN INQIRECT JUMP TO THE ADURESS 
LOCATED AT 'Ull\T' (HEX FFFBI. Tl-IS LCCATIOI\ CllN eE SET 
USll\G Tl-E ALTFR CJVD, CR LCAOF.O ALTCMATICALLY II\ PAPER TAPE 
FCRIJ 1->ITH THE LI-< Cl'C IF THF. USFR ASSIGNS I-IS INTRO INTERRUPT 
VECTn~ TO trFF9 II\ THE SCURCE hSSEJV~LY PRCGRAJV. 

[f l\CT RF.SET EY THE JSER, UINT IS SFT Tn CAUSE EXTERNAL 
DEVICE INTERRLPTS TC El\TER TIJV AS l\l'I'S. I.E., 
IF A l\MI CCCLRS ~ITHCuT /\I\ Il\DUCtD l\JVI SIGl\AL, IT IS 
Al\ EXTFRl\AL DEVICE 11\TERRUPT. 

SETTll\G Al\D RFSETTll\G PROGRAJV PREAKPOll\TS 

MOeK 
OllV/\ IL 
Gt:TCAT 
ICP.-.SE 
!'-IPA 
MfJA 
Iii Pe 
MOB 
1-'CLK lT 
l'CLl<RO 
MCLKIF 
U II\ T 
NO'DS 
MPG 
1-'Pl 
MP 2 
JVP3 

BPEAKPOll\TS /\RE SET Al\C RESET LSil\G THE JVEMORY DISPLAY 
Al\0 ALTER CCMJVhNOS. eRK HAS A •oo• OPERATION CODE. 

TC SET A BREAl<PCll\T SIJVPLY DISPLAY THE MEJVORY lf.CATIOI\ 
(FIRST INSTRUCTION evTEl AT nl-ICH THE HREA~POll\T IS 
TC BE PLACED THEN ALTER THE LCCATIC~ TC •oo•. THERE IS 
hC LIMlT TO THE l\LMBER OF FIREAKPCI~TS THAT CAI\ P.E 
ACTlVE AT CNE Tl~E. 

TC RESET A BkEAl<PCil\T, RESTCRE lHE ALTEREC MEMGRY LCCATlON 
TO ITS ORIGlhAL v.-.LuE. 

WHEI\ A~O IF A BREAKPCll\T IS El\CCUl\TEREC CURING EXECTUION, 
THE BPEAKPOll\T DATA PRECEDEC BY Al\ ·~· rs OISPLAYEO. 
THF PRCGRAM CCUNTER VALUF CISPLAYEO IS THE BRI< 
INSlRLCTICN LCCATICI\ + 1. 

=!fCCClOllC 
=S.08 
=1C4 
= t6 FOO 
=IOBASE+O 
= IOFIASE+l 
=IOEASF+2 
= ICBA SF+3 
=IOEASE+4 
=ICAASE+4 
= IOBA SE +5 
= tFFFB 
=7 
=ncoc 
=!7100 
= t72CC 
=!7?CC 

; x,x,X,POR,DATA-A~AIL.GOT-CATA,SERIAL-CUT,IN 

ZERO PAGE MONITCR RESERVE AREA 

CRCLY =227 
WRAP =228 

;CELAY FCR CR II\ EIT-TIMES 
;AODRESS ~RAP-AROUl\C FLAG 

B-3 



TIM VFRS!CN 1.1 - ·"'t M PAGE 0 

C,AR[ II LCC CCCE CARC 
lC6 O!H =229 
10 7 r SPTR =23l 
108 rSPCP =232 
lC 9 PREVC =213 
110 MAJ ORT =234 
111 MINORT =235 
112 AC Mn = 2 3(: 
113 TMPC> =238 
114 TMP2 =24C 
115 Tl-'P4 =242 
116 TMP6 =24'+ 
l l 7 PCL =246 
118 PCr =247 
119 FLGS =248 
12C ACC =249 
121 XR =250 
122 YR =251 
12 3 SP =~52 

124 SAVX =25.3 
125 HIPC =?54 
126 H'PC2 =255 
127 RCl';T =Tt-IPC 
128 LCl\T =Tt'PC2 
129 
130 64 BYTE RAM MCJI'; I HR RESFRVE AREA 
131 
13 2 RAM64 =HFCO 
133 0000 1'=R Al>A64 
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,..PO TI t-' P/IGE 0 

CARC II LOC CODE CARD 
135 
136 
n1 T J f" PAGE 0 (PFLATIVEI 
Pfl FFCO • =MPO 
us 
l4C 7000 es F9 N~INT STA ACC SAVE A 
141 7)02 A9 23 LCA II' II SET A=ll TO 11\CICATE I\ f'I 11\ T El\TPY 
142 7004 flC 55 el\F R3 JMP e3 
14 3 
144 7C06 Ag 16 RESET L Cll #l'DHK l~IT DIR REG, PCR TC l RELCCATES 
14 5 

8~ 03 146 7CC 8 l:f STA MOR 
147 I 

148 7CCR A2 pa· LCX 118 X=C 
149 700C 8.U F 7 73 fl l L CA ItvTVEC-1,X l,....ITIALIZE I I\ T VECTCRS 
15C 7ClC <;n F7 Fr STA UINT-1,X 
151 7013 Cll DEX 
152 7014 DO F7 81\E Rl 
15 3 
154 7Gl6 86 EA STX MAJORT INIT f'IAJCR T COUl\T TC ZERO 
1~5 7Cl8 86 E1· STX 1-SPTR CLEAR 1-SPTR FLAGS 
156 7ClA 86 i; 8 STX HSRCP 
157 701C CA DEX X=FF 
158 7ClD 9A TXS SP=FF 
159 
l6C COf.l.PUTE BIT-TI,..E CCl\STAf'..T, X=FF 
16 l 
162 701F. AO Ot LC'V 111 SET H fJEASLRE 2 errs 
163 702 () 84 E3 s T'r' C: POLY ; IN IT CR CELA 'I' l[MF. PARAMETER 
164 1:22 AD d2 cE RC LCA ,..PA ; WAIT FCP START 
165 7C?5 4A LS R A 
lH 7C26 <; c FA RCC RO 
167 
168 7028 8E 04 6E R2 STX 1'4CLK 1 T START CLOCK If\ITIALL'I' WI TH FF 
HS 7C2R AC C5 cE R '3 Le.A t-'CL KIF 
ni: 702F 1¢ p4 APL R4 
1 71 7C3C E6 EA I t\C fJAJCRT CCUNT MAJOR 1 
172 7C32 
173 

0¢ F4 I' l\E R2 GC RESTART CLCCK WITH )( = FF 

114 7C34 <; 8 R4 TV.A 
175' 7C35 4C c 2 6E ECR fJPB 
1 76 7J3 8 29 01 Al\ C #l 
117 70/1. FC FF PEC R3 WAIT FOR y P. IT 0 ANC SERIAL-IN NOT EQU 
178 703C SR D F"Y 
179 70~0 lC EC PPL R3 LOOP UNTIL START OF BIT 2 
18C 
181 703F A[ 04 6E LCA MCLKPO 
182 . 7042 4 <; FF ECR #$FF CGtJPLE~ENT RES IOL E 
U:3 7".l44 4A R5 L5R A HALF T 
184 7045 46 EA L SR MAJCRT HALF MAJOR 
1€5 7C4 7 9C 02 f!CC R6 
186 704<; ( c; 8C ORA HBC PRC PA 'ATE HC TC LC 
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IJPO TI IJ PAGE a 

CAPC ti LCC CODE CAPO 
1E7 7C4R CB R6 fl\ y 

iea 7C4C FC F6 REC fl 5 
189 7C4F. 85 EA STA M !fliORT 
1 <; c ; . 

l'H 7050 5e CLI Fl\AOLE I I\ TS 
l S2 7C51 cc eR I< ENTER TIM BY P.RK 
l <; 3 
194 7052 85 F9 It\ TR Q STA ACC SA\IE ACC 
195 7C54 68 DLA FLAGS HJ A 

196 7055 4~ Pl-'A !:!ESTCRE STACK STllTUS 
197 7C56 29 10 t\t\ c UlO HST HRK FLAG 
l <; 8 7C58 FC 27 eEC ex USER Il\TERRUPT 
199 
2CC 7C5 A CA AS l A SET A= SPACE ( 10 )C 2 = 2CI 
2Cl 7C5B e5 FE B3 STA T,.,PC SAVE I t\T TYPE FLAG 
202 rnsc ca CLC CLEAR CECI,.,Al IJCOE 
2C3 7C5E 411 l SR A ii IS ace, SPACE IS EVEN 
204 SET CY FCR PC BRK CCRRECTICN 
205 
2U: 7C5F 86 FA S l)C· )CR SAVE x 
207 7C6 l 84 FB STY YR y 

2C8 7C63 68 PLA 
2C<; 7C64 E5 Fe STA FLGS FLAGS 
210 7066 68 PLA 
211 7C67 6 <; FF HC 11$FF CY SET TO PC-1 FOR BRK 
2 12 7C69 85 t(: STA PCL 
213 7068 68 Pt.A 
214 7C6C 6<; FF ACC ll!FF 
215 7C6E es F7 STA PCH 
216 7C7C EA TSX 
217 7C7l 86 FC STX SP SA\IE (RIG SP 
218 
21 <; 7073 2C SA 77 85 JSR CPLF 
22C 7C76 A6 FE LCX T,.,PC 
221 
222 7C78 A<; 2A LC.cl ti • ' 
;in 7C7A 2G cc 72 J~P \\RHO 
224 7C70 fl9 52 LCA lff R SET FOR R DISPLAY TC PERl'IT 
225 7C7F oc 16 81\F so llJl'ECIATE Al TER FOLLOWif'\G BREAKPOINT. 
226 
221 7C81 fl5 F9 P.X LU ACC 
22e 7C83 6C FS FF JIJP (l;It-.T) CCl\TRCL TC LSER INTRC: SERV lCE RCUT I NE 
229 
23C 7C86 A9 co ST.ORT l Cl' 1#0 ;NEXT CCl'MANC FR0'-1 USER 
231 7088 85 E7 SH HSP TR ;CLEAR K· s. PAPER TAPE FLAG 
232 708A 85 F4 s r.o WRAP ;CLE1'R ADDRESS 11\RllP-ARCLNO FL-\G 

233 7C8C 2C SA 72 J !:R CRLf 
234 708F fl<; 2E l r.A #'. TVH FPO PT 11\G I . • 
235 7C91 2C C6 72 JSR WR~T 
236 7C94 20 E <; 72 JSR ROCC REAC Ct'D, Ch~!< RETURN EC IN A 
237 
238 1C'i1 A2 C6 so LCX #r\OOS-1 LCCK-t.;P CMC 
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"l"l '.) T [I' PAGE 0 

CARC II LCC CCD[ CAQC 
23<1 7099 r r: 0(, 71 Sl C l'P Cl'OS,X 
24C 7C<;C r:c lC:J PNF S2 
241 
242 7C9E Vi FC LU SAVX SA\/E PREii 101.;S Cl'C 
243 7CAC E5 F <; s lA PREVC 
244 7':.A 2 f'6 FC SD SAVX SA \IE CURREl\T Cl'C I l\C EX 
245 7(/14 A<; 71 LC/I lil'Pl/256 .JllP lNCIRECT lO c..., c CODE 
246 7CA6 85 fO STA llCl'Dtl ALL CH CCCE BEGINS c I\ MPl 
24 7 7CA8 ec cc 71 LCA /ICRS,X 
24e 7CAH 85 FC STA ACJVD-
24'1 7JAO E 0 IJ1 c Fl< 0 IF : ' R CR " (Q' l. CR 2) SPACE 2 
25 '] 70AF PC 03 PCS IJMP 
251 7CB 1 2( 74 73 JSR SPAC2 
252 
?~3 70E4 6( EC 'JO r JI' P J,.F (ACl'DI·· 
254 
?55 7CE7 CA S2 DEX 
2'36 7CB8 lC OF P.Fl Sl lOCP FOR /Ill CMOS 
257 
258 70P/I Vi 1F FR ROPP LU II'? OPERA lCR ERR, TYPE I? If RESTART 
2 5<; 7CRC 2C Cc 72 J~P lf.POC 
26C 70AF <; <; C5 BC:C SIART Jl'P SHRT (liRCC RETl..Rl\S CY=O I 
2H 
2U 7CC l 36 OC f'P SFC HP2-H'PO DCUeLE SUETRACT 
20 7CC2 fl5 FO Lr: II Tl'P2 
264 7CC4 F5 FE SFC T l'PO 
765 7CC6 ES F5 SH OIFF 
266 7')(8 115 Fl L CA TMP2tl 
20 7CCA F5 EF SEC Tl'PCtl 
2613 70CC AP TA\' ;RETLRI\ HIGH CRCER PART I 111 y 
2f <; 7CCC C'i F5 Cl< /I CtFF ; CR LC FOR ECL TEST 
21C 7CCF l:C RTS 
271 
277. 7CDC /15 EE PUTP l c: A T1"P'.J MOVE Tl-'PO TO P~t-,PCl 
213 7CC2 er:; H: s 1 /I PCL 
274 7CD4 /15 FF lfA Tt-<POtl 
21 r:; 7CDc P.<; F7 s 1/1 PCH 
27C 7CC8 cc PlS 
717 
21e 7CCS A'1 cc ZTIVP LCA #C CLEAR REGS 
21CJ . 70CA C) 5 EE ST II TIVPC,X 
28C 7COO '15 FF STA Tl'PCtl,X 
2f! l 7COF cC RT S 
282 
?ll 3 RE AC HC STCRE BYTE. NO STORE IF SPACE OR RCfliT=C. 
284 
285 7CEC 2C P3 73 PYTE JSR R r:o p Cl-AR I 1-.i A. CY=O IF. SP 
2Ec 70E 3 <; c lC PCC BY3 SF/ICE 
2P. 7 
288 70E5 112 00 L [)< ltC STORE d\'TE 
<e<; 7CE 7 81 EE s 1/1 (11-'PO,X) 
2CJO 
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i~PO TIM PAGE c 

CAH ~ LCC CCCE CARC 
2Sl 1 CE<; cl FE' OP { H'PO, XI TEST FCR VALIC WRITE·(RAMI 
29 2 7;:; EB FO 05 PEQ BY2 
2<; 3 7CEO 68 pl .4 ERR, CLEAR JSR ACR. IN STACK 
294 7CEF f. e PLA 
295 7CEF 4( eA 1C Jjllp EPPOPR 
2SE: 
291 70F2 2G 7C 72 AY2 JSP DADO It\CR CKSU" 
298 7CF5 2C 97 73 AY 3 JSR I~CTMP GC l~CR TMPC ADR 
2 <; <; 7CF8 (6 FE CEC RCNT 
3CC 7CF f. 6C PlS 
3C l 
3C2 7CFA A<; F8 SElR l.CA l#FLGS SET TC ACCESS REGS 
303 70FC 85 FE STA T,..PC 
3C4 7CFF A9 00 l c ll l#C 
3C 5 71C 1 85 FF STA H'PC+ l 
3C6 7103 f:i9 05 l r. f:i 115 
3C7 71C5 6C PTS 
308 
3 c <; 71C6 3f:i Cl'C:S .EYTE . : . 
31C 71C7 52 • BY TE I RI 

311 7108 4( .PHF • M' 
312 HC<; 47 .PYTE • GI 
~13 7101l 4E .PHE 'H' 
~14 11oe 4( • EYTE 'L • 
315 HCC 57 • e YT E I \I I w l'UST BE UST CMC IN Ct-A IN 
316 710C Ji' ADP S .B'tTE ALTEP-1-lPl 
317 71CE 14 • FYTE r.SFLYR-l'Pl 
:ne 71CF lC • 8 't TE DSFLYIV-i"Pl 
3lq 711 c 5C • flY TE GC-MPl 
32C 71 ll 6F .eYTF. HSP-MPl 
321 7112 74 .PYTf LH-l'Pl 
322 7113 (2 .F'tTF WO-f/Pl 
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1" Pl TIIJ PA(F l 

CARD # LOC CODE CARD 
324 
325 
326 NOTE ALL C 1-'D CCCE 1-'LST P EC If\ ( f\ "'pl 
327 
'128 CISPlAY REG Cl-'C - ~,F,X,Y, A 1\ C SP 
3 2 <> 
330 7114 20 A6 72 CSPLYR JSR WRPC V.R IT F PC 
3 3 1 7117 2C FB 7C JSR S f'T R 
33 2 71 lA cc C7 B l\F ,., c LSE CSPLYI-' 
333 
334 711C 2C A4 73 OS PL YI' JSP RCU REH tJ EM ACR INTO TMPC 
335 11 u= <> c 16 RCC E' RR S l ERR I F f\C ACCR 
336 7121 Vi 08 LCA 118 
337 7123 e i; FE 1-'C s l fl TI' PC. 
338 7125 AC cc L c 'f #C 
339 712 7 2C 77 n Ml J SP SPACE TYPE e BYTES CF MFM 
34C 712A Bl Ff: LOA ITtJPGl,Y (Tr-F:)) PRESERVFC FOR POSS ALHR 
341 712( 20 p 1 12 JSR WROB 
342 712F ce If\ y IN CR INC EX 
343 7130 U: FE DEC TtJPC 
344 7132 DO F3 pf\ E Ml 
345 7134 4C EC: 7C BEC S 1 JI' p S TAR-T 
346 
341 1137 4C e A 7C ERRSl Jr- F ERRCPR 
34 8 
349 ALTER UST CI SPLAYED ITEM (ACR I I\ Tt'PC) 
35C 
351 713/l U: E <; ALTER C EC PR E\/C ; R If\ C EX = 1 
352 713C co oc e f\ E A3 
353 
354 713E iC A4 73 JSR RCOA CY=C IF SP 
355 7141 SC 03 ecc A2 SPACE 
356 7 14 3 zc cc 7C JSR PLT P ALTEI< PC 
357 7146 20 FP TC A2 JSR SETR Al TER R'S 
358 714G DC C5 e f\ E fl4 J!llP /!4 ( S ETR RETURNS ACC 5) 
35g 7148 2C c, A 72 A~ J~R V.ROA ALTER.I', TYfE ACP 
360 714E A<J CB LCA #8 SET Cl\T=8 
36 1 
36 2 715C E5 FE A4 SlA RCNT 
3t3 7152 2C 77 73 A5 JSR SPACE PRESF·RVES y 

3t:4 1155 2C EC 7C J~R BYH 
365 7158 cc F8 l' I\ E A5 
3 t:6 715A FC r, 8 Ag PEC eECS l 
3 f.:7 
368 715C "6 FC GC L CX SP 
3 6 <; 7151: <;A ns CRIC CP f\ EW SP VALUE TO SP 
:no 715F A5 F7 LCA PCH 
311 7161 48 Pf-II 
.37 2 7 16 2 A5 F6 l CA PCL 
373 7164 48 Pf-A 
314 7165 A5 FB l [,6 FLGS 
375 7167 4E Pl-' A 
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l'Pl T I tJ PAGE l 

CAFC II LCC COCE CARD 
3 7C 116 A AS F9 LC:ll HC 
317 7 1611 116 FA LC)( )(R 
:HA 716( 114 F P. LCY YR 
37c; 716F 4C RTI 
380 
?81 716F f6 E8 rSP I" C 1-SROP TOGGLE BIT c 
382 7171 4C 86 7C Jf'P START 
38) 
3E4 7174 20 E9 72 l. I- JSR RCCC REH SECCNC CMO CHAR 
385 7177 2C EA 72 JSR C RLF 
386 71711 A6 E8 LC >c HSROP Fl'iABL E PTR CPTIO. IF SET 
38 7 717( 86 E7 STX 1-SPTR 
388 717E 2C E <; 72 LHl J~R ROCC 
389 718 l (9 3P. Cl"P # ' ; F If'>j D l'iEXT RCD MARK ( ; } 

3SC 718 '! nc F <; 8 f\F l 1- l 
~91 

3'12 7185 A2 04 L CX 114 
3 S 3 718 7 2C f) <; 7C JSR Z T fJ P Cl E.l>R CKSUI" PEGS TMP4 
394 7 18 ti 2C Fl 3 73 JSR ROOB 
395 7l8C cc C6 81\E L 1-2 
396 
3<J 7 71RF .l>2 cc LC)( llC CLEllR HS RCR FLAG 
3 <;A 71 <; l et E7 S1X t-SPTR· 
~ <; <; 719? FC <; F BEC BECSl F1"ISl-EC 
4CO 
4Cl 71 c;: 85 FE LH2 STA RCl\T RCNT 
402 7 1 <; 7 2C 7C 72 JSR DADD RCC Ll\GH TC C!<SUI" 
403 719.A 2C 83 73 JSR ROOP. SA HC TC TllPC+l 
4C4 7 l c; 0 e: EF 5 1A H'PO+l 
40 5 719F 2C 7C 72 J ~I< DADO ADD TC CKSLI" 
4Cc 7H2 2( e3 73 JSR RCCB SA LO TC T/IAPO 
4C7 71A 5 85 EE STA H'PO 
'1C8 1U1 2C 7C 12 JSR DAOC ADO TC CKSLI" 
4( s 
l;l c 7lA1' 2C EC 7C LH3 JSR B 'tTE evTE SLB/R C:ECRS RCNT 0 I\ EX IT 
411 71H co FB e l\E LH3 
412 71AF 2C A4 73 JSR RCC.O CKSUll FRCM I-EX RCC TC TMPO 
'• 13 7 lB 2 /I 5 F2 LCA Tfl'P4 T II F4 TC TMP2 FOP CC II P 
414 71P.4 85 FC SH Tt-'P2 
415 7 lf>. t; A': F3 l [ti H'P4+ l 
416 7188 8~ F 1 ST A Tfl'P2+1 
417 71PA 2C (l 7C JSR co•i:: 
4 lE 1 mo FC RF REC: LHl 
419 71 PF 4( f.lA 70 ERR Pl J llP ERROPR 
42C 
t, .l 1 7 lC 2 2C E <; 72 WC JSR RCOC RC 21\ c C llC CHR 
422 71C5 85 FE STA TMPC 
423 71C 7 . 2C 77 7~ J ~ f< SPACE 
424 71U 2C /I 4 73 JSR ROOA 
425 71CC zc ?.1 73 JSR T 2T 2 ; S II TC TMP2 
426 71DC zc 77 n JSR S PJ\CE ; SP llC E ~ EFCR E I\ EXT llOCRESS 
427 71 C3 2G ft 4 73 JSR PCOA 
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~Pl TIM PAGE l 

CAF<C " L(( CCCE CARC 
428 Hoc 2C 87 73 JSR T2T2 SA TC T,_.PQ, EA TC TMP2 
42q 71CG 2C E <; 72 J SI< PCOC DELA\' FCP Fll\Al CR 
43C 7lCC A5 FE LCA HI PC 
431 
432 71CE cq 48 O'P II' H 
433 71EC DC 5q I' f\E WR 
434 
435 71E2 A6 E4 WHO LC>< WRAP ; IF AOOR HAS kRAPPED ARCUl\O 
43{: 71E4 cc 52 e I\ E BCCST ;THI\ TER,..INATE WRITE OPERATION 
437 
43 E 7l E!: 2( SA 72 JSR CRLF 
4 3<; 71 F<; A2 18 LOX #24 
440 71 El' 86 FE STX RC~T RC~T=24 

441 71EC A.?. 04 LCX 114 CLEAR CK SUM 
442 71EF 2C 0 <; 7C JSR ZTMP 
443 
444 71F2 A<; 38 L CA #'; 
445 71F4 2C C6 72 J 5R kROC WR RCC f'ARK 
446 
1,4 7 7lF1 2C Cl 7C J5R DCMP EA-SA (Tf'F0+2-l,..POI C IFF IN lrJC DIFF,+l 
448 71FA 98 TYA MS BYTE CF OIFF 
44c; 71FB DC CA p !'IE Wl-1 
450 71FC A5 F. 5 LCA OIFF 
451 71FF c <j 17 Cf'P #23 
452 72Cl BC C4 BCS \< .. l DI FF GT 24 
453 72C3 85 FF. STA RCNT 11\C R LAST R Cl\ T 
454 72C5 El: Ff I l\C R Cl\ T 
455 72C7 AS FE WHl LCA RCI\ T 
456 720<; 2C 7C 72 JSR OADC ADO TO CK Slfl 
457 72CC 2.C Bl 72 JSR WRCB RCC CNT IN A 
458 72CF AS EF l [.A Tf'IPC+ 1 SA HC 
459 7211 2C 7( 72 JSR CllDC 
4(:0 7214 2C Rl 72 JSR l>.RCe 
4U 7217 A':, EE LCA TMPC SA LC 
462 7219 2C 7C 7? JSR CADC 
4(:3 721C 2C Bl 72 J~R \<RCR 
464 
4l5 721F AC cc WH2 LCY #0 
466 7221 Bl EE LCA (TMPO),Y 
467 
4E: e 1223 2C 1C 72 JSR CJIOC H.C CK SUM, Pf<ESERVES " 46q 7226 2C Pl 72 JSR \\POR 
47C 7229 2( <;7 73 JSR l~CTMP INC SA 
411 722C Cl: FE DEC RCl\1 
472 772E cc H P. I\ E Wl-'2 lOCP FOR LP TC 24 BYTES 
473 
474 723C 2C <; E 72 J Sfl l<RCt\4 WR I 1E CKSU" 
475 
41t 7233 2C Cl 7C JSR CCII F 
477 723{: BC AA ACS \\HC LCCP \\r ILE E /J GT CR = SA 
478 7238 4C 86 1C BCCST J" p START 
4 7<; 
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fVPl TI,,, Pl\CE 1 

CAPC II L CC CODE CARD 
48C 
481 723B E6 FD wB If\ c SAVX ; S AVX TO = t\CMCS FOR A SC [ I SU8/R 
4fl 2 7?.3C AS E4 wBl l.CA \'<RAP ; IF ADCR HAS \ilRHPEC ARCUt\C 
483 723F cc F7 ·f'l\E BCCST ;THE~ TERMil\ATE WR I TE OPER.HYON 
484 
485 7 241 A<; C4 LCA 114 
486 7?.43 85 EC s T.11 ACMO 
487 724 5 2C eA 72 'SR CRLF 
488 124e 2C 9A 72 JSR WRO.A OLTPLT HEX ADR 
4 e <; 
4 <; c 7248 2C 77 73 WBl\PF JSR SPACE 
491 72.4 E A2 09 LCX II<; 
4<; 2 725( e6 FE STX HPC LCCP CNT =9 

"'n 7252 J\ 1 E5 LCA {TMPC-G,XI 
494 7254 85 FF SH TMPC2 B \'TE TC Tl"PC2 
'4 <; 5 7256 A<; 42 LC.A IP B 
'49 6 1?. 58 cc ce Bt-..E \o.BF2 WR I TE e 
4q 
4 <; E 7~5A J\ <; SC WBFl LCA II' p 
4q9 725C C6 FF A.SL TMPC2 
sec 72 SE BC C2 ecs weF2 
SC 1 7260 A<; 4E LCA II 1 N 
502 
5C3 7262 2C C6 12 WBF2 JSR \llRCC WRITE I\ CR p 
5C4 7265 (6 FE DEC Tt-IPC 
5C 5 7?67 cc Fl EH we Fl LOOP 
5C6 726<; A<; 46 LOA II' F 
50 7 7268 2C (6 72 JSP WROC WRITE F 
see 
i; c <; 726E 2C <; 1 73 J~R Il\CT,,,P 
510 
s 11 7271 C6 EC CEC AC,,,O TEST FOR MULTIPLE OF FOUR 
5 12 7273 cc C6 BNE \o.BNPF 
S13 
5 14 7 215 2C Cl 7C JSR CC,,,F 
S15 7278 ec C3 ecs \o.B l LCCP WHILE EA GT CR SA 
i; 1(: 72H <; c P. c . ecc eccsr 
517 
518 727C 4F OACC p I-A SA \JE A-
'5 l q 727C 18 CLC 
~2C 727E t 5 F2 ACC H'P4 
52 1 7280 85 F2 STA T~P4 

522 7282 A5 F3 l (;'\ Tl"P4+1 
523 7284 t: c; cc ADC #C 
524 7286 8'5 F3 s T.11 T~P4+1 

52 5 7288 t: E PU R ESTC RE A 
526 729g H !< ls 
527 

8 ~·528 728A A2 OD L [)< HOC 
52<) 728( AG CA LCA HOA 
S30 728E zc co 72 JSR wRTWC 
s·n 7 2G 1 Af:. f3 LCX CROLY ;BIT-Til"E CCUl\T FOR CEUIY 
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l'Pl TII' PAGE 1 

CAH II LCC CNE CARD 
532 7293 2C lC 73 CR! JSR DLY2 ;DELAY CF ONE A IT-TIME 
533 7 29(:; CA DEX 
534 7297 cc FA BI\ E CRl 
!; 15 72CJ<; (:;( RTS 
536 
537 WR lTE ti OR FRCI' TMPC STORES 
538 
539 729A A2 Cl WROA LCX # 1 
540 729[ co OA f' l\E WROAl 
541 729E A2 cs WRCA4 L [)< 115 
542 7 2AO cc Ct Fl l\E \-.ROAl 
543 72A2 A2 01 WRC.A6 LCX li7 
544 72A4 DC C2 Bf\E ~RCAl 

545 72A6 n 09 WRPC LO 119 
546 72A8 B5 EC WRCAl LC A T~P0-1,X 
547 7 2Ati 4E PHA 
548 72A8 es EE L LA Tl'PC,X 
5 4 c; 72AC 2C Bl 72 JSR ~ROB 

550 12eo H PLA 
5 5 1 
552 WRITE B'l'TE - A = BYH 
553 UNPACK BYTF DATA I~TO TWO A SC I l CHARS. A=BYTE; X1 A=CHARS 
'.'.54 
555 7281 4E \.RCA Pt-A 
556 12e2 4A L SR A 
557 72A3 4A LSR A 
558 7284 4A UR A 
559 72fl5 4A LSR A 
5l:C 728(:; 2C 58 73 J~R ASCII CCf\VEl'T TO .& SC I I 
5 (;I 12 ec; Id TAX 
5f2 7 2 fl A 68 PU 
50 72BB 2 <; CF A f\C lltOF 
564 72BC 2C 58 73 JSR ASCII 
565 
566 WR I TE 2 Cf-iARS - X,A = CHARS 
567 
Ste 72CC 4E Wt:<HO PI- A 
569 7 2C l 8A "HA 
570 72C2 20 C6 72 

- ---·-·-----·--~-::--.. 

:.J.SJLW.8J>' 
571 1·2c s 68 PU 
572 
573 WR !TE SERIAL OUTPLT 
574 A CHIR TC BE CCTPUT 
575 
576 72C6 2C 10 1,3 WRT JSR. CLY2 
577 7 2C 9 A2 cs LCX #9 
578 WROC =WR T 
579 72CB 4 c; FF HR 11$ FF COMPLEMENT A 
580 72CC 3E SEC 
581 
5E2 7 2CE 2C c /> 72 ~RTl J~R CLT · 
583 7201 20 lC 73 J ~R DLY2 
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MPl TIM PAGE 1 

CAPC II LCC 
584 7204 
585 7205 
5El: 72Cl: 
5E7 7208 
588 
5 E <; 
5c:;c 7 2DA 
591 nee 
5<; 2 72DE 
5cn 7 2EC 
594 72E2 
5G5 72E4 
5% ·72E7 
5<;7 72E8 
SCJ e 
599 

CCCE 
4A 
(fl 

CC F6 
FC 3F 

48 
AC 02 6E 
2<:1 FO 
90 02 
C9 02 
ec c2 l:E 
l:E 
6C 

l:CC 
(;J 1 
602 
l:C 3 
6C4 
~C..5 
l:C6 

72E9 AS E7 
72Fe 4fl 
72EC BC 4F 

l:C 1 
H8 
ec <; 
(; 10 
(; 11 
tl2 
(; 13 
(; 14 
(; 15 
tl6 
t; 17 
(; l A 
nc; 
t2C 
621 
(;2 2 
t; 2 3 
624 
(;2 5 
626 
l:2 7 
(; 2 8 
629 
(; 3 c 
631 
(;32 
633 
634 

I. ·. -· 
( 7 2 E E --\ "2 C 8 
it... ,•' 

72FC 
72F3 
72F4 

72F6 
7 2F<; 

72FC 
72FF 
73C2 
73C3 

73C6 
73C7 
7308 
73C9 
7 3(; fl 
BOC 
73CE 
730f 
731 c 
73L2 
7314 

73 ll: 
731 <; 
73 lA 

flC C2 6E 
4fl 
<;C FA 

2C 2C 73 
2C CA 72 

2C 10 73 
AC C2 6E 
4A 
2C DA 72 

ca 
c;e 
4fl 
2e 
<;C C2 
cc; so 
fl e 
CA 
CC EA 
4<; FF 
.29 7F 

2C lC 73 
18 
2C DA 72 

CARC 

OUT 

CUTl 

LS F A 
n Ell 
el\E hRTl 
BEC ROTS 

Pl-A 
LCfl l'-'PB 
Af\C #'fllllllOl 
f\CC OLT l 
ORA UCOOCCClC 
SH ~PB 
PLA 
RTS 

H,;SE Bl\;E? 

SA\iE fl 
OLTPLT BIT FRC~ CY 

RESTCPE A 

OUTPUT RETURl\;S CHAR I~ A 

ROT LCll HSPTP 
LSR A 
ECS RCl-'SR 

RCOC =RCT 
l [)( #8 

RCT l LCA 1-'PB 
lSR fl 
BCC RDTl 

RCT2 

RDT4 

JSR ClYl 
JSR CLT 

JSR r:LY2 
L CA MPB 
l SR fl 
JSR CLT 

Pl-P 
TY II 
LSP A 
PlF 
BCC RDT4 
CFfl 11!80 
T ll'f 
c El< 
Bl\E PCT2 
ECR UFF 
1'11\C U7F 

JSP CLY2 
RCT5 ClC 

JSR CL T 

TEST HS PTR CPTICI\ 

WAIT FOR START BIT 

ECHC START e IT 

CY = l\EXT BIT 

ECH 

Sl!VE en 
Y CC~lAI~S Cr~R EEI~G FCR~fC 

RECALL 0 IT 

ADD IN NEXT BIT 

LOCP FOR 8 e ITS 
CC~PLEl"EI\ T CAT.A 
CLEAR PARITY 

;Al\C CELAY 2 r~LF-e(T-TtMES 

l:35 7310 2C 2C 73 CL'f2 JSR CLYl 
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,..Pl TI I' PA(E l 

CARC It LGC CODE CARO 
636 732C 48 Dl Y 1 Pl-lA SAIJE FLAGS Al\O A 
07 7321 ce Pt-P 
l:3E 7322 eA HA SA IJ E x 
(;3<; 7323 48 Pl-A 
l:4C . 7324 Al:. EA LCX l'AJCflT 
641 nu A5 EB Lr.A l'JNOflT 
642 
{:4 3 7328 BC C4 l:E Dl2 SlA ,_.CLK l T 
l:44 
{:45 732B AC C5 6E DL3 LCA f.ICLKIF 
646 732E lC FA BFL cu 
647 7.? 30 CA c El< 
{:48 73 31 ce Pl-P 
64q 7332 AC C4 {:E LCA l'CLKRO RESET Tll'ER l f\ T FLAG 
t50 7335 28 PLP 
(; 5 l 7 3 3{: lC F3 BPL Cl3 
t52 
{: 53 7338 68 PLA RESTCRE REGS 
f54 133<; AA T All 
(;55 733A 28 PLP 
(; 5 {: 73!8 H PU 
(; 5 7 733( l:C OLX RlS 
t5e 
f 5 <; 7330 AC C2 6E ROH SR LCA l'PB LCCP Cl\ CATA AVf.Il 
660 734C 29 CB Al\C #C.AVAIL 
Hl 7342 FC Fq eEC flCHSR 
H2 \'".., I'! I •, j t t... 
6(;3 7344 f.E 00 6E LCX l'PA READ CATA 

\.; .,, 
~ ~1 

H4 134 7 AC C2 l:E L Cf. f.IFB S El\C C:CT-CAH PULSE '-
H5 734A C<; C4 ORA #GO TOA T /.!''° 
(::66 734C BC CZ 6E s T.11 l'PB 
H7 734F 2 <; FB A 1\0 Ul 1111011 
{:(;8 7351 8( 02 6E SH tJPA 
H<; 7354 8A TX/. 
(: 1 c 7355 2c; 7F Al\C U7F 
671 7357 6C RTS 
(;72 

€:73 7358 1e ASCII CLC 
{:74 735<; 6 <; G6 ACC II{: 

(;75 7.358 (;<; FC ACC UFO 
676 735C <; c C2 BCC A ~C 1 
fl7 735F (: <; C6 f.[ c H06 
(; 18 ; 
1;7q 73(; l (::<; 3A ASC 1 ACC •BA 
(:80 73(;3 4E Pt-f. TEST FOR l ETTER A lN ADR DURING WBNPF 
t: e i 73{:4 cc; 42 en tl'A 

682 7366 cc c /I Pl\ F A SC X 
te3 73(;8 A5 FD \Cf. S llVX 
6S4 ·736A (<; C7 C f'IF llt-.CllDS 
€:85 736( r. c C4 P. I\ E ASCX f'.!OT ~B Cf-10 
H6 73CE H pl.A 

687 736F A<; 2C l Cll II ' FCR II B, Altl"'K B'S I I\ l'!CR 
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MPl Tir-' f'AGE l 

: A I< C II l cc (("Cf ORC 
l:EE 7371 48 Pl-A 
(:8q 7372 l: e A SCl< · PLA 
6'10 7373 • 6C QTS 
(: <; 1 
6G2 7374 2C 77 73 SPAC: 2 JSR SPACE 
6''3 7377 48 SPftCE Pl-A SAVE A,X,Y 
(:<;4 7378 EA T)A 
fGS 737c; 48 Pl-A 
6% 73H <; 8 ,·yA 
(: <; 7 7378 4E Pl-A 
(:<; 8 737( AC-. 2C LCA II' 
(: <; <; 737E zc C6 72 JSR \.!RT TYPE SP 
7CC 738 l 6 e Pl A RESTCRE A,X,Y 
7C l 1382 AB TftY 
7C2 738:! f. e Pl A 
7r ~ ... ~ 7384 "" T llX 
704 738 5 68 PlA 
7(5 73El: 6C R Vi 
706 
iC1 7387 AZ CZ T2T2 u:x #2 
1ce 73 E<; as; EO T2T21 LCA T,..Pc-1,x 
709 738 e 48 Pl-A 
71C 738C 85 FF LCA T,..P2-l,X 
71 l 738E <; c; f.J) STA TfJPC-l,X 
712 7390 68 Pl /J 
713 73 <; l c; 5 EF SH Tf'P2-l,X 
714 ncr~ CA DElC 
715 7394 cc F3 P. I\ E T2T21 
Ile 7 3<;(: f.C RlS 
717 

. 
718 ; Tl\CREHI\ T (TMPC,TMPO+l) BY l 
7 l c; 73<;7 E (: FE INCT,..P I f\C Tr'PO ;LCW BYTE 
72C 739<; FC Cl REQ IJ\:C Tl 
721 nc;e 6C RTS 
722 
723 nc;c u EF INC Tl I I\ C Tf.'PC+l ;HIGH BYTE 
724 73<1 E FC Cl PEC SET~RP 

725 73AC 6C RTS 
726 
727 13A l E6' E4 SET\\RP 11\ C ~R/JP ;PC INTER I-AS \llRAPPEO ARCUND - SET FLAG 
728 73A ~ (:( RTS 
729 
73C REAC I-EX ACR, RETURN HO IN TIVPO, LC IN TMPO+l ANO CY= l 
7H IF 5P CY=O 
732 

,--r~3) 73A4 ;;c El 3 73 RCOA J rn RC08 REAC 2 Cl-AR BYTE '--- ~ 734 73A7 <j c C2 BCC RDOA2 SPACE 
i35 
,u_~) 73A<; E~ EF STA TjllP()+l 
737 13 A E 2C P3 7.3 RCOA2 JSR POOB 
73f. 73AE' <; c C2 ecc RCEX IT SP 
739 nBC e c; EE ~TA ljllPQ 

B-16 
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(AFC II l cc CO CE CARC 
7LtC Be2 6C PCEX IT RTS 
741 
742 PEAC I-EX 8YTF Af'.D RETLRf'li tr-.. A ' Al\D c 'Y:: l 
743 l F SJ: CY=O 
144 y FEG IS PRFSER\IED 
745 
746 738! 98 RCCe TH SA\IE y 
147 73Pio 4e Pt-A 
74 e nes fl '1 co LCA #C SET CATA = c 
7" <; 73R7 Er; EC STA ACMO 
750 73e9 20 E9 72 JSR FICOC 
7 !51 13RC c <; cc OP #!OC ; CR7 
752 73AE cc c (; BH RDOPl 
753 73CO 68 PLA ; VE S - GC TO Sl ART 
754 7 3C 1 fE FLA ;CLEAl'\ll'\G STACK UP FIRST 
755 73C2 (;€ PLA 
7': f 73(3 4( 86 7C J"1P START 
757 ; 
758 73Cf c <; 2C R CCB 1' C-l'>'P # • SP/lCE 
7 5 c; 73C8 cc 0 Bl'\E 1<cce.2 
HC 73CA 2C E <; 72 JSR RCCC· R E/lC HXT Ct- AR 
761 73CC C'i 20 C '1P II' 
H2 73CF cc CF HE RCCB3. 
1l: 3 73C 1 lf. CLC CY=C 
H4 7302 <; c 12 ecc RD084 -
H:5 
H:c 73C4 2C E P. 73 R OOA2 JSR HEX IT TC HEX 
H7 73C7 u J'S L A 
Hf. 73Ce. CA /l ~ l A 
769 73C9 CA ASL A 
11C 73DA CA ASL A 
771 73CB P.5 EC $TA .ACMO 
112 BOC 20 F9 72 JSR RCOC 2f'llD Cl-'AR ASSlil'EO HEX 
113 73EC 2C Ee 73 RCCe3- J~R HX IT 
774 73E! c r; FC CR/l ACMl1 
775 73E5 ~E SEC CY=l 
776 7 ~Ef AA ROCB4 1AX 
777 73E7 6E PLA RESTCRE y 

778 73 ff' /If Tt't' 
77q 73E c; eA Tl<A ; SET l & I\ FLAGS FCR RETURN 
780 73EA 6C P. TS 
78 1 
78 2 7 3EF. cs 3A I-EXIT Cr-'P H3A 
783 73H ce Pt-P SAVE FLA(S 
7E4 73EE ~c 

~, CF A l'\C #$OF 
785 73FC 28 PLP 
1 et 73F l <; c C2 ecc t-EX09 0-9 
787 73f ! f. c; ce /lCC H nPHA /\CC 8+CY=9 
788 73F5 6C t-EXCCJ fl TS 
7E <; 
7CJC 73Ff r.:IJP3+$FE 
1t.; 1 
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CAPC N LCC CCOE URC 
792 73FA {. c 7C INT\/EC • ~CP 0 Njll INT DEFALLT LSER 11\l'RC TC l\l'-1 INT 
793 73FA cc 70 .'ilCRC fl.;1-' lfl.; T 
7S4 13FC Cl: 1C • HRC RESET 
795 73FE '52 7C • ~CPD I I\ TR Q 

1 <; t: 

El\D CF jll(S/TECrl\CLOGY 65Cl ASSEjllELY VERSIOfl.; 3 
l\UjllBEQ CF ERRCRS = C, l\LjllAfR CF ~ARNJl\GS = 0 
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SYll'BCL TABLE 

S'tl'BOL 'vALLE LI l\E CEF If\EC CRCSS-REFFREl\CES 

.6CC COF<I 12C l4C 1<;4 227 376 
ACMD OOEC 112 24f; 248 253 486 511 749 7 I .1. 774 
JICR S 71CC 3 lt 24 7 
HTER 713JI 351 3H 
A SC I I 735€ 673 56( 564 
ASCX 7372 6e9 682 t E 5 
JISCl 73tl 679 f;16 
A2 714(; 357 355 
.63 714P. 3 5 <; ';le; -

- J t!. 

/:14 715C 3t2 358 
AS 7152 3f; 3 365 
/:19 715JI 3 l:6 
eccsr 723E 478 436 483 516 
eEQSl 7134 345 36(: 3<;9 
ex 7081 227 l9E 
e'tTE 70EC 285 364 410 
e" 2 70F 2 2CJ1 29 2 
en 70F5 298 2et: 
83 7C58 2Cl 142 
es 10 7 3 2 1 <; 
CflDS 71 C6 3C9 23<; 
CRDLY COE3 1C4 16 3 531 
CPLF 12e~ s2e 2 lt; 233 385 438 48 7 
CR l 72<; 3 532 534 
C:AOD 721C 518 297 4C2 405 408 456 45<; 462 468 
C:f:aV/:a Il OOCB 85 HC 
OCl'P 70Cl 262 417 447 476 514 
CIFF CCE5 1C6 265 2t9 45C 
c:LX 733C 657 
Cl 'tl 732C 6'.H: 611 (: 35 
Cl Y2 731 c 635 c; ~ -

J -t!. 576 se3 l: 14 !:31 
Cl2 7328 643 
cu 7328 645 646 651 
CSFLYM 711 c 334 31E 
CSPLYR 7114 330 317 
Ef<ROPR 7C8A 258 2c; 5 347 419 
ERRPl 71 Pf 419 
ERRSl 71 ?7 347 335 
FLGS COFE 119 2C<; 3C2 374 
GC 715( 368 319 
GOTOAT CCC4 E (; 665 
t-EX IT 73 Ee 782 76(; 773 
I-IE llC<I 73F5 788 786 
HSP 7lff 3€1 32C 
1-SPTR OOE7 1C7 155 231 387 3<rn 601 
HSROP CCF8 1C8 15(: 381 386 
IJMP 1oe4 253 25( 
IHTMF 7397 719 298 47C s cc; 
INC Tl BCJC 723 72t 
INHQ 705 2 1c;4 7 c; 5 
11\TVEC 73F8 792 14<> 
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5Y,..EOL V fl LUE LI NE OEFINE'O CP CS S-REFER ENCE S 

IOeASE HCC E7 8E 89 90 91 92 93 94 
LCl\T COFF 128 
LH 71 74 384 321 
LH l 717E 3Ee 3 <; c 418 
U-2 71 q5 401 395 
LH3 71 fl fl 410 411 
t'AJORT COEA 1 lC 15 li 171 184 64C 
~CLKIF 6E05 q4 1 (: <; (:45 
IVCLl<RC HC4 <; 3 181 64<J 
IVCLKlT CEC4 c; 2 H: e (:43 
!VOA l:ECl 89 
t-ICA 61: c~ <; l 14(: 
~CBK CC16 84 144 
IVINORT COEP 111 18':l 641 
,..PA HCC E8 H3 
IVPB 6FC2 GO l l: 4 175 5':l l 595 607 Cl5 65<; 6(:4 6l: (: 668 
"°PC 7 CJ cc <; 1 138 
l"Pl 71CC c;e 245 3 l l: 317 318 319 3 2C 321 322 
!VP 2 12CC <;9 
"'p 3 73CC ICC 7<i c 
rvc 7123 337 "l"l -

- - l 
rv l 7127 33':l 344 
l\Ct-IOS CCC7 <; 6 23E 6E4 
l\l'Il\T 70CC 14C 79 2 7c;3 
CLT 72CA 5 <; c 5F2 t:l2 617 633 
CUTl 72E4 5 c; 5 5<; 3 
PCH COF7 118 215 275 370 
PCL COFt 117 212 273 372 
HEVC OCE9 ice; 243 351 
PUTP 7'.:JDC 272 356 
RAt-'64 FFCC t:~ 2 133 
I< Cl\ T COFE 127 29S 362 401 44C 453 454 455 471 
RDEXI T 7382 74C 738 
Fet-SR 73 3 [ 6 5 c; l:C: Hl 
ROQA 73/!4 733 334 354 412 424 427 
RGOA2 7'!A8 737 734 
!<COB 73P3 746 28 5 394 4C3 4C6 733 737 
RCCel 73C6 758 752 
RCC82 7~C4 Hi: 75 c; 
RCCB3 73EC 773 7l:2 
RDOB4 7 3E 6 716 7 f;;4 

RCCC 72Ec; 6C4 236 384 388 421 42 c; 75C 76C 772 
ROT 1?. E9 6Cl 604 
RCTl 72FC 6C7 6C<; 
PCT2 72FC 614 (;21 
RCT4 BCE' 625 623 
RCT5 1 ~ l <; (; "l -~ <! 5E7 
RESET 7006 144 7q4 
RC 7022 164 lH 
,. l 70CC 14<1 l" ~ ~ i 

P2 7C28 168 172 
R3 7C2P 16S 177 179 
P4 7034 174 l7C 
Fl 5 7044 183 188 
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sneoL Vi'LUE LI I\ E CEF IHD CROSS-REFERE~CES 

Ro 704£1 1E7 1e5 
Si'VX OOFC 124 24 2 244 4Pl (:83 
~ETR 7CFe 3C2 331 357 
SETWRP 73Al 727 72.4 
SP COFC 123 211 368 
SPACE 7371 6S 3 3 3 c; 363 423 42(: 4"10 6S2 
SPAC2 7374 6<i2 251 
HART 7C86 23C 26C 345 382 478 756 
SC 70<;7 238 22 ~ 
Sl 7C99 239 25 (: 
52 7C87 255 240 
TflPC: COFE 125 121 2C 1 22C 337 343 422 43C 4'n 504 
H'P('2 CO ff 126 128 494 4q9 

.... -T,.. P 0 COE.E 113 264 267 212 274 279 280 2ac; 291 303 305 
34C 4C4 4C7 458 46 1 4 (;(: 4<;3 546 548 708 
711 719 723 736. 73<J 

TflP2 CCFC 114 2c3 266 414 416 710 713 
T,..P4 COF2 115 413 415 52C 521 522 ~24 
TflP6 CCF4 116 
1212 13E 7 7C1 425 428 
l2T21 7389 7C8 715 
LINT FFF8 c; 5 15C 228 
\.ie 723A 4El 43 .3 
lii8Fl 725A 4<.i8 505 
W8F2 7 2t: 2 5(3 4<; (: 500 
W81\PF 7248 4<;0 512 
"'e1 7?3C 482 515 
kl-C 71E2 435 477 
kl-1 72C7 455 44<J 452 
liiH2 721F 4l:5 472 
WC 11C2 421 322 
liiRAP 00E4 1C5 232 435 482 727 
WROA 729A 53<; 35c; 488 
kRCAl 72AE 546 54C 542 544 
liiRCA4 729E 541 474 
kROA6 72A2 54.3 
liiRCB 12e 1 555 341 457 46C 463 469 54c; 
liiROC 72Cc 578 235 25<J 445 503 507 
WRPC 72A(: 545 33( 
liiRT 72(6 576 57C 578 6<J9 
lriRTWO 72CC 568 223 530 
WRT 1 72CE 582 5 8(: 
XR COFA 121 20(: 377 
°YR CCFB 122 2C7 378 
ZH F 7CC9 278 ,393 442 
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If\STRUCTICN cruNT 

ADC <j 

Al\C <j 

ASL 6 
HCC 15 
RCS 6 
REC 11 
p, IT c 
BJllI c 
p, f\E 33 
BPL 5 
BRK l 
B\IC a 
RVS c 
CLC 4 
etc 1 
CLI l 
CLV 0 
CJllP 11 
CPX l 
CPY 0 
OEC 6 
DEX A 
CEY l 
'::CR 4 
t I\ c 7. 
I f\X c 
fNY 2 
JJlll= 9 
JSR '39 
LCA 65 
LCX 24 
LCY 4 
L SR 13 
"4CP 0 
ORA f. 
Pt-A 1 fl 
Pl-P 4 
PLA 23 
PLP 4 
RCL 0 
RTI 1 
RTS 1 c; 
SP.C 2 
SFC 3 
SEC c 
SEl 0 
STA 45 
STX 11 
STY 2 
TAX 4 
TAY 4 
TSX 1 
DA 5 
l )Cs 2 
TYf. 5 
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