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DEMON MONITOR CHECKOUT

You are now ready to check out your JCLT DEMON
monitor. The instructions which follow assume that your
JOLT is connected to a suitable power supply and a tele-
type or other serial computer terminal. A detailed des~
cription of the DEMON monitor is in Appendix III. Here
is a summary of its features:

DEMON is the DEbug MONitor program for the JOLT
Microcomputer. It is supplied in read-only memory (ROM)
as part of the 6530 multi-function chip on the JOLT CPU
board. Because the DEMON code is non volatile, it is
available at system power-on and cannot be destroyed
inadvertantly by user programs. Furthermore, the user is
free to use only those DEMON capabilities which he needs
for a particular program. Both interrupt types, interrupt
request (IRQ) and non-maskable interrupt (NMI) may be set
to transfer control to DEMON or directly to the user's
program.

DEMON communicates with the user via a serial full-
duplex port (using ASCII codes) and autcmatically adjusts
to the speed of the user's terminal. Any speed--even non-
standard cnes--can be accommodated. If the user's terminal
has a long carriage return time, DEMON can be set to perform
the proper delay. Commands typed at the terminal can

direct DEMON to start a program, display or alter registers



and memory locations, set breakpoints, and load or punch
programs. TIf available in the system configuration, a
high-speed paper tape reader may be used to load programs
through a parallel port on the 6530 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, DEMON performs
automatic read-after-write verification te iunsure that
addressed memory exists, is read/write type, and is responding
correctly. Operator errors and certain hardware failures
may thus be detected using DEMON.

DEMON 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 typing a carriage-
return, line-feed sequence with proper delay for the carriage
of the terminal being used. Program tapes loaded by DEMON
may also specify a start address so that programs may be

started with a minimum of operator action.



CHECKOUT INSTRUCTIONS

() 1. Turn power on, or if the power is on, perform a
RESET operation. Type a carriage-return on the terminal.
DEMON 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 diagnostic section of the CPU Assembly Manual.

The "* 7052 30 18 FF 01 Fr" printout is DEMON's
standard 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 §, i.e. Program Counter, Processor Status, Accummulator,
¥ index, Y index and Stack Pointer. Note that all DEMON
inputs and outputs are in base 16 which is referred to as
hexadecimal, or just hex. In hexadecimal, the "digits" are
0,.,2...,A,8,C,D,E,F. After printing the CPU registers,
DEMON is ready to receive commands from you, the operator.
DEMON indicates this "ready" status by typing the prompting

non

character on a new line.

() 2. DEMON's response to RESET is to wait for a carriage-
return and then print the user's registers. DEMON uses
this carriage return-character to measure the terminal line

speed. If you have a settable-rate terminal, change the



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

Step 1. DEMON 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 FF
() 4. Displayed values may be modified using the Alter
(:) command. To modify register contents, type a colon (:)
followed by the new values. For example:

7052 30 18 FF 0l FF
.z 0100 00 00 00 00 EF

.R 0100 00 00 00 00 FF

Notice that DEMON 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 06 66 23 EE 01 A2 41 6E

The memory command (M) causes DEMON 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:



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

.: 0100 00 0l 02 03 04 05 06 07

If only part of a line is to be altered, items toc be left

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

return (3). Try this:
M 0L00 00 O1 02 03 04 05 08 07
.1 0100 FE __ FE FE }
.M 0100 FF 01 FF FF 04 05 06 07

|

{ ) 5. Try to alter a location in DEMON ROM:

-M 7000 85 F9 A% 23 DO 58 A% 16
7000 002

DEMON verifies all changes to memory. Since locations 7000
through 7007 are in read-only memory, alteration is not pos-
sible. DEMON signals write failure with a guestion mark.

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

a non-existant location:

.M 90600 920 90 90 90 90 90 90 90

.z 9000 002

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 DEMON. These are the hardware inputs RESET,



IRQ, and NMI. To test this feature enter the following

program at location 0000:

location contents instruction
0000 ac LOoOoP JMP LOOP
0001 00
0002 00

(Use the M and : commands.)}
Now, set the program counter (PC) to this location using
the R and : commands. Finally, tell DEMON to start executing

your program using the GO (G) command:

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

.g. 0000 4c 00 00 11 91 91 71 91
.R 00006 30 00 00 0O FF

<2 M0 &

-G

The computer 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 (NMI). The
result should be the same except for a "#" character preceading,
which identifies the NMI printout. Finally, try it with RESET.
RESET, however, forces JOLT to branch to DEMON, loosing the old
PC and other register contents. Thus NMI is the preferred means

for manually interrupting program execution. IRQ may also be



cccce
CcCCce

3001
g1cc
D12
Gics
0107
Clis
C10E
c1co
011G
112
CL15

Clle

used unless it is required for other functions such as periph-

eral interrupts.

{) 7. Use M and : to enter the following test program called
CHSET because it prints the character-set on the terminal.
Note that Alter (:) commands may be repeated without intervening

M commands to set sequential locations:

sCHECKCUT PRCGRA¥ —- PRINT THE CHARACTER SET CN ULSER TERMIAAL
CRLF =$728A 3ACCRESS CF CEMCA CRLF ROUTINE
WRT =472C€ $ADDRESS CF DEMCN WRITE RCLTINE
i =C s VARTABLE STCRACE IN PACE ZERC
CHAR » =341 ;STORACE FOR CHARACTER
F=$0100 sPRCGRANM STARIS CAN PAGE CAE
2C 8A 72 CHSET JSR CRLF sCC CARERIAGE FETURA & LINE FEEC
AG 29 LCA #%20 sFIRST CHAR IS A SPACE
€5 CC STA CHAR SINITIZLIZE
A5 0Q LCCP LCA CHAR $CET CHARACTER
£e el CMFP #$6C sCHECK FCR LIMIT
F3 28 BEQ CONE ;DONE IF &0
L C€ 12 JER WRT $PRINT CHAR
E¢ GC INC CHAR SNEXY CHAR CCCE
4C (7 C1 JVF LCCP ;CCNT INUE
CC CONE BRK 3STUP & RETURN TO DENMCN MCNITCR
4C €C Q1 JMP CHSET sDC [T AGAIN



.M 0100 20 8D 72 20 EC 72 8D 26
0100 20 8A 72 A9 20 85 00 AS
0108 00 C9 60 FO 08 20 C6& 72

Now run the program. Do this by setting the PC to 0100

and using the G command. The listing should loock like this:

Q000 30 00 0C 00 FF
0100

=G| B

THABZ&" (Ik+5-4/012345678913:<=>28ABCDEFGHI JKLMN@POGRSTUVWXYZIN]t =~
0116 33 60 00 0C FF

*

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

typing G:

G
I"FEZ&" ()*+,-. /012345676915 <=>2@ABCDEFGHIJKLMNEPEURSTIUVWXYZIN] t+
* 0116 33 60 00 0C FF

—"#SZ&'()*+:--/01234567893}<=>?@ABCDEFGFEJKLMNBPQRSTUVWXYZ[\]'*
0116 33 60 00 00 FF

MHBTE" ()k+, -0 /0123456789135 <=>78ABCDEFGHI JKLMNCPORSTUVWXYZIN]t=
0116 33 60 00 Q0 FF

-G
!
*

G

T
*
The CHSET program uses two DEMON monitor functions: CRLF
is the DEMON function which causes a carriage-return and line-
feed tc be typed on the terminal, WRT is the routine which
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



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 III for more information on

tape formats.

() 9. Try re-loading your program using the LH command:

.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 : commands to load the following program:



SCCC
S0 0
3G01

C1ccC
vlo2
21C¢€
cicsa

f1(8B
J1cC

CICF
11l
G113

U115
c117
cila
C11C

Cl11F

A5
zC
o6
1C

4C

Cg 01

-10-

CHECKOUT PROGRAM —— PEINT BINARY UF TYPEN (HARACTER

1

.
3

Lg]

BINARY « = +]

CCUNT  v='+4]
~=$01CC

CRLF =t722A

WRT =472C¢

RCT =$72F9

SPACE =%1377

PRIN  JSP CRLF
JSR PDY
ST# BINARY
JSR SPACE
LCA #8
STA COUNT

PRLCCP LLA #°0
ASL BINARY
BCS PRINT
LCA 401

PRINT JSR WRT
CEC CCUNT
BFL FBLCCF
J¥P PEIN

SVARIARLE STCRACGE IN PAGE LEPOD
s STURAGE FCR CHAR CURING CISSECTICN
SCOLY CF RITS REMAINING TC PRINT

iPRCGRANM BEGINS CN FACGE ONE

sCEMCAN CRLF RCLTIENE
sCEMGN WRITE RELTIAE
sCEMCN REAC RCUTINE
;DEMCN SPACE RCLUTINE

:PRINT CAREIACGE RETURN € LINE FEEC
tGET A CHARACTER

$SAVE FCR [ISSECTICN

sPRINT 2 SEACE

sINITIALIZE BIT COUNT

s ASSUME ZERC: LCAC ASCII "O©
;C=NEXT BIT

$PRINT ZERC

sLCAD ASCIT "1t

5PRINT BINLRY CIGTT

sCOUNT BIT PRINTED

sCC NEXT BIT

sCO 1T ALL AGATA



~-11-

.M 0100 20 8D 72 AS 20 85 00 AS
& 0100 20 BE 32 20 E) Ji 85 08
: 0108 20 77 73 A9 08 85 01 A9

2 WalD 20 06 00 BO 02 & 21 Z0
: 0118 C6 72 C8 01 10 FL 4C 00
0120 01 1}

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:

3 80 00 00 FF

U 101010101

B 101111011

1l 1106011101

There is cbviously something wrong with the program. Bits

which should be printed as l1l's are 0's and vice versa. (Refer
to your 6500 reference card for character codes.) Looking at
the 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 character, 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 Cé
.: 0113 90 }

-R 7052 31 FC FF 01 FF

2 o100 )

=

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 0llE. Do this by replacing the instruction there

with a BRK (code of 00). Then run the program:

-M 0l1E 4C 00 01 EF 4C 0C 01 00

.:  0llE 00 ¥
.R 7052 31 FC FF 0l FF
0100

-G
U 010101010
& 011F BO 00 00 AA FF
Once the break has occurred, you are free to investigate
the state of the program using DEMON. In particular, check the
value in location COUNT:

.M 0000 00 FF 1B 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 because 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 program again.

.M 011c 10 Fl 00 00 01 EF 4C

011C DO ac 3

.R 011F B0 00 00 AA FF

-1 0100 %
_.9

U 01010101
B 01000010
100110001
I 01001001
W 01010111
0 01001111
R 01010010
K 01001011
S 01010011



0115
C117
Cll A
c11cC

OllE

8A 72
FS 12

sCHECKCLTY
%=
BINARY =
CCUNT ==
' T =g
CRLF =¢7
WETY =37
RCY =47
SPACE  =%7
PRIN JSR
JSR
STA
JER
LCa
STA
PRLCCP LCA
ASL
BCC
;
LCA
PRINT JZIR
DEC
BANE
H
Jnp

PROGRAM

+1

+1

C1¢C

288
2C¢e
2€9
277

CRLF
RDT
BINARY
SFACE

LE:]
CCUNT

LA Re]
BINARY
PRINT
L |
WRY
CCUNT
PRLCCP

PETN

=14

PRINY BINARY CF TYFEC (FARACTFP

IVAREAELFE STCRACE 1IN PACE ZERC
s STCRACE FCR CHAR CURINC CISSFECTICN
sCOUNT OF BITS REMAINING TC FRINT

;PRCGRANM BEGINS CN FAGE CME

sCEMON CRLF RCUTINE
iDEMON WRITE RCLTINF
sCEMCN REAC RCLUTINFE
sCEMCN SFACE RCUTINE

FRINT C2RRIACE RETURN & LINE FEED
GET A CHARACTER

SAVE FCR CISSECTICA

PRINT # SEACE

SINITIALIZE EIT COULNT
$ASSUME ZERC: LCAC ASCEH] "o
sC=NFXT BIT

SPRINT ZERC

SLCAD ASCIT "1

SFRINT BINARY CIGIT

sCOULNT BIT PRINTED

sCC NEXT BIT

50O TT ALL AGAIN

CORRECTED PBIN PROGRAM
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() 11. Save the corrected program using the WH command.
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 00F6 and 00F7 on the
tape, then the terminator (:;00), and finally, some trailer:

-R 7052 30 37 Fr 01 FF

.x  0io0 1
.WH O00F6 00F7 }
;0200F6000101A2

.:00
The resulting tape can be loaded and then started as follows:
-LH

(program loads in)

I}

Locations 00F6 and 00F7 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

also be set in this manner. See Appendix III.

() 12. It is also possible to punch BNPF-format tapes using
DEMON. BNPF is the format used by some ROM programmers. The
command is similar to that for writing hex tapes:

.WB 0100 0127 }

This command would punch the corrected PBIN program in BNPF
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format. Try punching a BNPF tape. (Note that DEMON will not
load tapes in this format--use hex format (WH) for saving

programs for later loading into your JOLT.)

() 13. If you have a high-speed paper tape reader attached
to your J6LT system, you can use it to load programs in hex
format. The H command switches the lcad device to and from
the high speed reader. If you have a high speed reader, try

loading a tape as follows:

=

Note that control will not return to the user terminal until a

terminator record (;00) is read.

THIS COMPLETES STEP-BY-STEP CHECKOUT
OF THE DEMON MONITOR



APPENDIX I

HOW TO HAND-ASSEMBLE JOLT PROGRAMS

If you do not use an assembler to convert your JOLT
programs to machine language (hexadecimal), you will have
to convert your programs manually. Here is a suggested
procedure.

The procedure consists of four steps:

STEP 1l: Decide which variables and subroutines

are to be placed in page zero and assign fixed locations

to them.

STEP 2: Look up each instruction in the 6502 code
chart and record the operation code in hexadecimal, noting

how many bytes of memory are required by each instruction.

STEP 3: Determine the location in hexadecimal of

each labelled instruction or wvariable.

STEP 4: Fill in all remaining values, using the

locations determined in Step 3.

When writing a program for hand assembly, it is
desirable to split your code into small routines which
can be assembled separately. Since you will be loading and
debugging your program by hand, you should leave some space
for changes so that complete reassembly is not required to

fix small problems.



By way of illustration, the PBIN program (used in the

Monitor Checkout section) will be hand-assembled:

; CHECKOQUT PROGRAM —- PRINT BINARY OF TYPED CHARACTER
*=() ; VARIABLE STORAGE IN PAGE ZERO
BINARY #=%+] ;: STORAGE FOR CHAR DURING DISSECTICN
COUNT *=%+] ;COUNT OF BITS REMAINING TO PRINT
H
*=50100 ; PROGRAM BEGINS ON PAGE ONE
CRLF =$728A ; DEMON CRLF ROUTINE
WRT =372C6 ; DEMON WRITE ROUTINE
RDT =572E9 ;DEMON READ ROUTINE
SPACE =$7377 ; DEMON SPACE ROUTINE
PBIN JSR CRLF ;PRINT CARRIAGE RETURN & LINE FEED
JSR RDT :GET A CHARACTER
STA BINARY ; SAVE FOR DISSECTION
JSR SPACF ;PRINT A SPACF
LDA £3 ;INITIALIZE BIT COUNT
STA COUNT
H
PBLOOF LDA #'0 ;ASSUME ZERO: LOAD ASCIT "0"
ASL BINARY ;C=NEXT BIT
BCC PRINT ;PRINT ZERO
LDA #'1 ;LOAD ASCII "1"
i
PRINT JSR WRT ;PRINT BINARY DIGIT
DEC COUNT ;COUNT BIT PRINTED
BNE PBLOOP ;DO NEXT BIT

JMP PBIN ;DO IT ALL AGAIN



Step 1

Decide which wvariables and subroutines are to be placed

in page zero and assign fixed locations to them.

Page zerc contains locations 0000 to 00FF. The variables
that are to reside in page zero must be identified prior to
assembling the rest of the program since the mode and length
of some instructions depend cn whether their cperands are in
page zero. The sample program has two variables in page zero.

They are simply assigned locations seguentially:

Loc Contents Instruction

0000 EX BINARY #=x%+1 ; STORAGE FOR CHAR DURING DISSECTION
0001 XX COUNT  #=#+1 ; COUNT OF BITS REMAINING TO PRINT

The program does not specify initial values of these loca-
tions, so the contents position is marked with X's, indicating
that no values will have to be loaded there. In this example,
there are no subroutines or other instructions to be assembled
in page zero. It will be more convenient for hand assembly if
such code, when it occurs, is placed after the variables. Then
the position of variables will not depend on the length of pre-

ceding instructions.

Step 2

Look up each instruction in the 6502 code chart and record

the operation code in hexadecimal, noting how many bytes of

memory are required by each instruction,




The length and code of each instruction is determined by
its mode. Some instructions, such as JSR and BNE, have only
one possible mode, and thus present no difficulty. The mode
for other instructions depends on the operand. For example,
immediate mode is indicated by a pound sign (#) followed by a
value. Instructions of this type use the operation code from
the immediate columns of the code chart. The value following

the pound sign is put in the second byte of the instruction.

For example:

Contents Instruction
AD 03 LDA #8
A9 31 LpA #'1 sASCIT "1™

Instructions which have a zero page mode may be assembled
in that mode if the operand is in fact in page zero:

85 01 STA COUNT

The same operation with a non-zero page operand would
occupy three bytes:

8D STA ADDR

Since symbols other than page zero (and certain pre-
assigned addresses like WRT) do not have locations yet, we must
leave blank spots to fill in later. Do mark the correct number
of spaces for the unknown bytes, since the length of instruc-
tions determines the position of instructions which follow.
Similarly, branch instructions will have their second bytes
blank at this point:

DO BNE PBLOOP



Thus far, the partially assembled program looks like this:

Location

Contents

0000 XX
0001 XX

Step 3

72

Instruction

; CHECKOUT PROGRAM -- PRINT BINARY

BINARY
COUNT

CRLF
WRT
RDT
SPACE

PBIN

PBLOOP

PRINT

*=0)
x=k+]1
=k 4]

*=$0100

=$728A
=$72C6
=$72E9
=$7377

JSR CRLF
JSR RDT
STA BINARY
JSR SPACE

LDA #8
STA COUNT

LDA #'0
ASL BINARY
BCC PRINT
LDA #'1
JSR WRT
DEC COUNT
BNE PBLOOP

JMP PBIN

Determine the location in hexadecimal of each labelled

instruction.

It is now possible to fill in the location column, because

the length of each instruction is known. Count in hex (0,1,2,...

9,A,B,C,D,E,F) and write in the locations (cf the first bytes)



of instructions and variables which have labels:

Location Contents Instruction
+: CHECKOUT PROGRAM -- PRINT BINARY
*=0
0000 XX BINARY #=+%+1
0001 XX COUNT %=%*+1
*#=$0100
CRLF =$728A
WRT =572Ce¢6
RDT =$72E9
SPACE =$7377
0100 20 8A 72 PBIN JSR CRLF
20 ES 72 JSR RDT
85 00 STA BINARY
20 77 73 JSR SPACE
A9 08 LDA #8
85 01 STA COUNT
010F AS 30 PBLOOP LDA #'C
06 00 ASL BINARY
90 BCC PRINT
A9 31 LDA #'1
0117 20 Cc6 72 PRINT JSR WRT
Cc6 01 DEC COUNT
Do BNE PBLOOP
4 JMP PBIN
Step 4

Fill in the remaining values, using the locations determined

in Step 3.
Locations of variables not already entered may now be filled

in. Be sure to enter the low half first and the high half second.



For example, location PBIN is at address 0100. It is recorded
as:

4C 00 01 JMP PBIN
Branches can now be completed by counting the number of bytes
from the instruction to the target address. When going forward,
count beginning with the first byte following the instruction,

up to but not including the first byte at the target address.

Thus, the boxed bytes are all that are counted in this example:

90 BCC PRINT
A9 31] LDA §'1
20 c6 72 PRINT JSR WRT

When branching backwards, count those bytes from the end of the
branch instruction itself (counting both bytes) to and including

the first byte of the instruction at the target address. Thua:

$TA COUNT

010F A9 BPLOOP  LDA #'0
ASL BINARY
02| BCC PRINT

B3 LDA #'1

0117 PRINT JSR WRT
£e P DEC COUNT

E"c] |;] BNE PBLOOP

4C 00 01 JMP PBIN



Although you could count in hexadecimal, it is easier to
count in decimal (base 10). When counting in decimal, count
up whether going forward or backward, and look up the ceorrect
hexadecimal value on the Branch Chart shown on the next page
and also in Appendix V. (If you do count in hexadecimal,
backward counts need to be negated. Do this by subtracting the
count from 100 hexadecimal. Forward hexadecimal counts may be
used without modification.)

The assembly (page I-10) is now complete and ready to be

loaded into JOLT.



13 29 45 61 77 93 109 125 3

14 30 46 62 78 94 110 126 2

15 = 47 &3 79 1 -95 1 123 -1

15 32 48 ¢4 80 96 112 E— 0
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