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Introduction

The Cromemco TRACE program enables the user to test and debug
programs. TRACE emulates the behavior of a Z-88 vprocessor as it
follows the 1logic of the wuser vprogram, vprroviding a selection of
reports of the processor state so as to minimize extraneous printing.

TRACE operates as part of DEBUC, Cromemco's assembly language
debugging progran. DEBUG is automatically locaded alonng with TRACE,
and acts as a monitor for TRACE. In this manual the terms "monitor"
and "DEBUGC" are used interchangeably.

TRACE Options include <control of register disolay, choice of
display frequency, i.e. after every instruction, after every braach,
at CDOS <calls only, and with register history written to a circular
gueue for display after returning to the DEBUG monitor.

Features which help the wuser locate errors gquickly iaclude
warnings if the wuser writes to wunexpected areas, simnulation of
Input/Output commands on the console, warnings of attempkts to execute
undefined commands, undefined calls to CDOS routines, improper return
from subroutine calls, and execution of branch instructions or decimal
adjust if the relevant flags are in an undefined state.

TRACE also allows the user to simulate interrupts and gueues them
in order of priority.

If execution time 1is critical to the application, TRACE can
display cumulative machine <cycles at each step or on return to the
monitor.

Instructions

TRACE 1includes all the commands available in DERUG as well as
some special commands to access summary information developed by a
trace of a .user program. A  complate summary of TRACE commands

follows.

" — . — - — — " — ——— — o -

> - —————— . — -

The format of CONTINUE is

C (CR)
C number-of-lines (CR)
C# (CR)

The first format traces the program through one instruction. The
second format  traces the wuser program through "number-of-lines”
instructions, displaying the registers in accordance with the options
entered following the "T" command described below. “"number of lines"
is entered as a hexadecimal number. You may trace through RAM or RCM,

The third format "C#" will cause the user program to be simulated
continously, or until encountering a STOP ADCRESS, a HALT command, RST

L et e a4 m im blam nteAar MmrAacram 4
' 3UH OL SevVere ELLULD LU LUT udTe uuygew

To abort a trace during execut:
Displays from the simulated instruction

on nit any key on the console,
in progress will be completed,

2
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-he user registers will be preserved, and control returns to the
monitor.

——— - ——— - . M = S - W - W G U - G

The "CN" command is the same as the "“C" command except that
register display is surpressed.

The circular gqueue showing the last 1088 branches or the last 143
instructions simulated is displayed.

- - — - — =

The total number of simulated machine cycles from the last 'T'
command is displayed as a decimal number. Time spent in user CPOS
calls or real time segments of the user program is not included. This
cycle count assumes memory with no wait states.

——— - v, . > A W e - - e o G S G A S S GEh G e G GEL SR A G G A e -

- — . - A M - . D T e e e . - e G N G Ghe G G G Y ST R TR S W O W R Go- e M MR G G W G M e A -

This command sets the upper area of the TRACE "CALL" stack egual
to the 18 bytes above the user's stack pointer. If tracing starts
inside up to 5 nested subroutines, TRACE will report no return errors
if the return addresses were on the user's stack.

- ———————— - — - - Ny > - _———

INITIALIZING SELECTED PARAMETERS

TRACE allows the wuser to initialize selected parameters at any
time.

The following commands:

yg)] Initialize DATA area list

TH Initialize HALT addresses

TI Initialize simulated INTERRUPT list

TN Initialize real time INPUT channel list
TO Initialize real time OUTPUT channel list
TP Initialize OPTIONS

R Initialize trace RESTART addresses

5 Initialize trace STOP addresses

are treated in detsil in the cample trace below.
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—— ————— - —— ———— ——————— - —

To initialize the parameters controlling the tracing of a user
program type:

T (CR)

The following shows the use of TRACE to examine the action of the
nrogram GAMPLE listed 1in chapter 5. The user response 1s shown in
upper case, the TRACE prompts are given in lower case. Fntering an
'X' at any time following a TRACE prompt will return control to the

monitor. The user may enter the parameters requested by TRACE as
address exorecssions. Within these expressions addition,subtraction,
the "¢" register, and "$" (the current instruction counter) mnay he
used. :

start addr? 1208 (CR) Simulation starts at the address

entered.

stop addrs (5)2? $+3B (CR)

£809 (CR) :

L (CR) A list of wup to 5 addresses
(maximum) at which tracing stops
and control returns to the monitor.
These addresses must correspond to
the first byte of an instruction in
order Lo take effect. 'L
terminates a list.

—— . ————— . —

" — oy ——— - - ——

eas (1%) low addr,high addr
: T Enter a maximum of 1% memory areas
to which the user orogram writes.
If the wuser program writes to an
address withian these areas, no
error is recoorted.

Coniras or spaces may be usecd
2s delimiters, carriage returns or
semicolons separate items entered
as sets (e.9.,pairs of addresses).
If the stack area is not declared
here, the nmessage: QAABA  AAAA!
MMMM  MEMORY WRITE NOT IN SPECIFIEC
RECION will be printed after every
stack writing operation.

After a <CDOS <c¢all, the 8
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locations of the us=2r stack used by
CDOS will be printed.

—— - ———— ——— — — ——————— ——— - = - —

display on write (13) low addr,hish addr

190 198+17%2

L : Enter a maximum of 18 areas withia
which a Jdisplay of the contents of
the memory is desired whenever the
user program writes to these areas.

extended opt (y or n)? Y Type Y to enter the additional

options listed below.

- ————————— ———— Y - > s

—— - — . ———— W P o

real time: inp ch(18)?

FF;L List unp to 1% input channel port
addresses for which real time
execution is desired.

- ———— . ———— o -~ o

- — " - - -

output ch (19)7?

FF;L Pesignate up to 17 real tive outsut
channels. In this exannle iapuka
to the sense switches (T~pPUT 57FL)
and outnuts to the sense lignhts
(SUTPUT AFFE) will ©»e executed
instead of simulated.

————— . —— — . —— .

@12F;L Enter up to 5 addresses at which
control passes from TRACE to the
user program. These wmust be on
instruction boundaries. This and
the following TRACE restart option
allow the wuser to avoid tracing
through subroutine calls, timing
loops, etc.
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trace restart (3)7?
132;L Enter up to 5 addresses at which

control is to return to TRACE from
the user program. These must be on
instruction boundaries and this
portion of the user program must be
writeable memory.

interrupts(14) ,addr,comm,pass,times?

11g,78,1,13 (CR)

L (CR) Schedule up to 19 simulated
interrupts.Enter the address (11T)
at which the program will Dbe
interrupted, the byte appearing on
the data bus (7E),the rate at which
the address will be intecrupted (1
for each time we pass this address,
2 for every other time etc.), and
the number of times the progranm
will be so interrupted by this
pattern (13 hex or 19 times}.

interrupt mode ? 9 Initialize interrupt mode at 8,1,0or
2. If other values are entered the
interrupt mode is set at 6, and a
warning 1is printed if a simulated
interrupt 1is executed before the
interrupt mode has. been defined.

The first entry (OPT 1) controls
what 1is oprinted according to the
following table:

e
3]

options (2)7? ’

ENTRY ITEMS PRINTED

(PC) Instruction address

All of the above plus the disassembled command.
211 of the above plus the total machine cycles.

1

2 = - = " (F-a) Flags and Accumulator

3 - == - " - 3,C Register Pair

4 = = - ® - " - =" - D,E Register pair

5 - = - " - " - =" e - H,L Register Pair

6 = - - " L IX Register

7 = = - " - " - " .. .. " - 1Y Register
8

9
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If a number for OPT 1 greater than 9 is entered, OPT 1 is set

equal to 9.
The second entry (OPT 2) determines when register display occurs
according to the following rules: -

orPT 2 =1 Print on executing a branch instruction, (i
CALL,RET,JP,JR,RST). Print current address (
and the next instruction address, and continue
directed by OPT 1.

.e
»C
a

3 ~ »

oPT 2 =2 Print at every instruction as directed by 0OPT 1.

opPT 2 =3 At every instruction write the Program counter,
Flags,accumulator, and the additional register
pair selected by OPT 1 to the circular gueue as

follows:
OPT 1 <=3 BC register pair
OPT 1 = 4 CE "
OPT 1 =5 HL "
OPT 1 = 6 IX register
opT 1 =7 1Y "
OPT 1 = 8 SPp (stack pointer)
CPT 1 = 9 (5P) contents of top of stack
This data is written to the circular gueue unless
OoPT 2=4, ‘
OPT 2=4 At each branch instruction, write the Program
counter, next instruction address, flags and

accumulator to the circular cueue.

When a § command is given in response to the
prompt "-" the contents of the circular queue are
displayed, last instruction first.

If a value greater than 4 is entered, CPT
is set egual to 4.

~
£

Control now passes to the mwmonitor to allow the user to set
registers, examine memory, or execute the user program until TRACE
restart breakpoints cause control to pass to the TRACE program, or
monitor breakpoints return control to the momitor.

Typing "C#" causes TRACE to simulate the user program starting at
the address given in response to the "start addr?" prompt.
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Data Entry Messages

stop addrs (5)? 13B (CR)
135;1527

i
error retype line
1235;1527

In the example above the character "Z" was erroneously entered.
TRACE types an I under the character in error, nromots "error retyve
line" and awaits the revised line., 1If a data entry containing such an
error was made at the same line as a TPACE prompt, this error
indicator will be offset to the right by the length of the prompt.

data areas (12) low addr,high addr
184,1AC

456,45%;123;6783,689

too few,last= 5123

Too few entries have been nade for items reguired in sekts. i.e.
data areas, simulzated interrupts. "last= 8123" shows the value of the
last item ©properly read. In the example above, 9123 was centered
without a corresponding upper boundary. The data area limits 678,688
must also be reentered as they were not read. Should it not be clear
to the user which data items must be reentered, return to monitor by
entering X! and enter the entire 1list under that category.
CGtherwise, enter the missing item and continue,

Execution Time Messages

DDA {(Data DAMage)

Parameters stored by TRACE have been changed by the user program
while the wuser ©program had control, TRACE may be reinitialized
without relcading.

@RAAA AAAA' INT M=XX I=YY INT=CC LEV=LL

Simulated interruot at address AAAA, Interrunt mode. = YY, I
Pegister= ~YY the command on the interrupt line = CC, and the oriority
level I.L which points to the sinulated interrupt list.

@AAMA AAAA' ***x*x%xx TNTERRUP{ MOLDE UNDEFINED, ASSUML =2

A sinmulzted interrupt -occurs at address AAAA with the mode not
previously defined. The a0de is assumad to be cgual to 7.
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EAAAA AAAA' ****xx DAA WITH H FLACGC INDEFINITE

AT location AAAR2 a decimal adjust command (DAA) was executed with
the half-carry (H) flag undefined. Trace continues.

@AARA AAAA' FXxxxxx MMMM  MEMORY WRITE NOT IW SPECIFIED REGICQM

The commmand at address AAAA wrote to memory location MM which
is neither in a declared data area nor in a " diswmlay on write " area.

@ARAAR AAAA' *F*Exxkx YRY¥X to YYYY PBLCCK MOVE WILL CV=IryiTITL T1%L

The command at address AAAA is a block transfer or a block input
instruction which would write over itself. Tracing halts and control

returns to the monitor.
PDAM (Program DAMage)

The user °~ program has changed memory occupied Dby TRACE
instructions. Control returns to the monitor. Reload TRACE before

proceeding.
@AAAN AAAA' **xxxx  CALT STACK OVERFLOW

Following a CALL,RST, or a MCDE 1 interrupt, the call stack has
overflowed or underflowed, and the return address error following this
rarning may be in error.

@AAAA AMAA' *%*xxx RETURN ERRCF MMMM WAS EXPECTED.
ACTUAL RETURYN ACDR= WNNN,.

Following a return instruction, the return address from the user
stack (NNNN) Adoes not agree with the return address (MMMM) 2ntered to
both the user stack and the CALL stack at the last CALL,RST,or MONC 1
interrupt. The simulated program counter is set at address MINN and
simulation proceeds.

S/P NOT R/W

The user program stack pointer was not assigned to PAM arca when
a TRACE RESTART 1instruction returned control to TRACE, or the user
program encountered a CDOS call.

If this error message follows a trace restart instruction the
rroper restarﬁ address was not transferrsd through the stack to TREACE.
Simulation halts and control returns to the monitor.

If the error message follows a CLOE call, control passes to tae
monitor before CCOS 1is called, as CDOS cannot be used with the user
stack in a read only mode.

CAAAA AAAA' *¥xxxx MMMM WRITE TOC SYSTEM AREA

Command attempted to write to address MMMM, within the TRACE or
system area.

=t
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SYSTEM ARTA

@AAAA AMAA' ¥xxxkkk -XYNZX to YYYY LLOCK WEITE TO

block transfer or a block iaput instruction

At address AAAA A
halts and

attempts to write to TRACE or the system area. Tracing
control returns to the wmonitor.

@AAAA ADMAA' *rxxxx yYYY to YYYY BLOCK MOVE WRAPS AROUNL MEMORY

At address AAAA a block transfer or block input command
destination block wraps around upper to lower memory {(addresses XXXX
to YYYY). Traciag halts and control returns to the wmonitor.

@AAA2 AAAA' **xxxxx TRANSFER ON INDEFINITE FLAG

The flag controlling the transfer at instruction AAAA has been
set by a command that leaves it in an iadefinite state.

@AAAA AAAA' ***xxxx UNDEFINED INSTRUCTION
CcccC

twoe byte unidentified command

The instruction at AAAA is a
to the wmonitor.

(CCCC). Tracing halts and control passes
AAAA AQAAY *Axx%xx ZTOP ADDR

Tracing has stogped at address AAAA in the stop address list, or
a monitor restart has been encountered. 7o continue tracing tvoe 'C!
and the instruction at the stop address will he simulated and tracing

will continue.

SAAAA AAAA' IN #YY

expected from the

This wmessage indicates a simulated input is
the input chaanel

AAAA is the instruction address and YY 1is

console.,
designated 1in hexadecimal. The user then enters the desired iaput
data as a two digit hexadecimal number or as a single qguote followed

by an ASCII character.

Examples:
Q2939 IN #3 7A

82309 IN #2 'Q

SIMULATED BLOCK INPOUT/OUTPUT

GAAAM AAAA' IN #YY SS8SSS TO TTTT
TYPE ¥ FCP MONITCR

A block input 1instruction at 3AAA will store input data ia tne

10
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region bounded by 88SS and TTTT. The user may enter the monitor by
typing ¥ on the console and then substituting data directly into the
memory acrea SSSS - TTTT, or fill this area with the Move command. As

before YY is the input channel Jdesignation.
If the user does not invoke the monitor, TRACE expects un to 24

bytes of data per line and prompts with the destination address of the
start of each 1line, and the total number of bytes remaining to be
entered. The user may either enter the data as hexadecimal or ASCII

preceded by a singl2 guote.
@AAAA AAA2' COUT #YY XX A,

This 1indicates a simulated output on the console, where A23A is
the instruction address, YY is the outpnut channel designation, ¥¥ i3
the output data in hexadecimal, and 2 is the ASCII ecuivalsnt. A
period follows the ASCII output to aid in detecting swaces. Line I22d
is shown by 'LF', carriage return by 'CR'.

GAAAR AAAA' OUT 7YY
EBBB: N1 R. N2‘S. N3 T.

This indicates a simulated block outout at address AAAA, <directed
to port YY. The starting source address for each line is EERE,
followed by a <colon. N1l,N2,N3 are the hex outputs, and E,S,T the
corresponding ASCII outputs 1if these are printing characters, else
blanks are output in their place. Carriage return and line feed are
displayed as 'CR' and 'LF' respectively.

SIMULATED INTERRUPT OPTION

P e T o T T e T ey

The user may enter in response to the prompt:
interrupts (1@) addr,comm,pass,times?
up to 17 simulated interrvupt patterns of the form

AAAA,CC,PPPP,NNNN

AAAR is the address of the command to be interrupnted if iatarrcunt
enable flag is set.

cCc is the command appearing on the interrupt line.
PPPP is the number of times (in hexadecimal) we zpass this address
to execute the interrupt. Thus 1f PPPP=1 we exacute the

interrupt on every time the simulzted program counter
reaches AAAA.
NNUWN is the number of times this interrupt pattern is repeated.
After NNNN interrupts at this address, no further interruvts
from thisz line occur.

11
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TS

vending, the interrurt is executed at the seécond command following an
interrunt enable. If two or more interrupts become pendiag, the
pattern entered first under the initial simulated interrputs prompt is
the interrupt of highest priority. '

If the interrupt mode changed while the user program was in
control a simulated interrupt will not execute in the mode sect undert
user control,

TFf iy i=apla i i me
Lthe interrinte. aredicsanlado At fhe Lina ac dpter unt hAcomnes .- ..

CDOS Calls

On encountering a transfer to the CCOS entry point (ordinarily
CALL 5) TRACE wverifies that the contents of the C-register request
valid C00S functions, and that any writing to memory is done to
locations outside the TRACE or CDOS area, and that the user stack is
in RANM. If the CDOS call writes to a disk, TRACE checks that the disk
is logged on, displays a write to disk warning message on the console,
and waits for the user to tyve 'Y' as confirwation before performing a
disk write. _

TRACE then executes the CDOS command and displays memory changes
within display on write regions declared previously, and shows the
results of anyv writing to memory outside declared areas. The actual
execution will not be displayed, however,.

e L e e L N N P T e T
- 4 3 F 5 S 5 T - T 2 - T 1

CHAINING PROCRAMG UNUER CLOS CCMNTROL

P D L L T T e S R T T

'

. If TRACE encounters a CDOS chain command the following message is
displaved on the console: :

CHAIN, TYPE C TC LCAD AND RETURN TC LCERUC, C TO CONTINUE.

Responding with a 'D' loads the new program originating at 1404
and returns to the monitor.Typing 'C' resumes tracing after the new
program is loaded, and entering any other character returns control to

the monitor. _
After chaining a new program the register contents are not

predictabls and those shown by TRACE will not be the same as a CHAIN

command performed under control of the user program.
When the new program is sucessfully loaded, TRACE sends a3 message

CHAIN CCMPLETE
to the console. .

o s e s o m o W e e mm e e

CCOS CALL ERRCR VMESSACES

P F F S A 52T 1

The chzined program is not on the disk, or did not read nroperly
from the Jdisk. Control passes to the monitor.

12
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CHAIN FILE NOT A COM FILE
The extent of the program called by CDOS is not 'CCM'., Control

passes to the monitor.

DISK NOT LOGGED ON
An attempt was made to access a disk not logged on. Control
passes to the monitor.
INVALIN CpOS CALL

The contents of the < register Jdo not indicate a vzlid CDOS

routine. Control passes to the monitor.

CbCS CRASH MESSAGE

in lieu of the "INVALID JUMP TO LOCATION XXXX"
{due to executing a RST 7 instruction caused
Control then vasses to the monitor.

This 1is printed
message reported by CDOS
by defective memory, perhags).

CDCS WARK ROOT ATTEMPTED
A program has attempted to rehoot CLOS via a jump to location
0¢3H. Control passes to the monitor.

13
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The CROMEMCO TRACE program makes it possible to test and analyze
user programs. TRACE is loaded into memory and moved to the highest
memory available below CDOS. When using a 32K CROS and TRACE, there
is 19K left for the user program. ,

Loading Trace

TRACE is loaded by typing one of the following commands from CDCS.

TRACE
TRACE filename,ext

where "filename" is the name of the program to be tested, and "ext" is
the file extension. In both cases, TRACE is lcaded into memory directly
below CDOS. The CDCS jump instruction located at location 5H is changed -
to jump to the start of TRACE. This allows locations 6H and 7H to still
point to the lowest available memory location.

The second command above is used to load the file to be tested into
memory. If the extension ("ext™) is ".HEX", then the file is read as an
INTEL HEX file. Any other extension is read as an absolute binary file,
loaded at location 149H,., **** NOTE **** TRACE does not locad relocatable
files. If an extension is ".REL™ it will be loaded in as if it were
binary and will not be executable.

Control Characters

~

Control characters are used in TRACE to help in entering
commands. Thesea control characters are the same as CDOS uses.

Control-C (°C) go back to CCOCS

Control-H (78H) delete character and backspace on CEkT
Control=U ("U) delete line )

Control-X (°X) delete character and echo

underscore delzte character and backspace on CRT
RUBout (DEL) delete character and backspace on CRT

16
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During a printing (such as from the DM command) the following
characters may be used.
Control-s (°S) stop/start printing. If printing, this

character will stop the orinting. If already
stooped, this character will resume the

printing.

break (or any other character) will abort the
printing, prompt, and wait for the next
command.

Command Format

TRACE is controlled by one and two character commands from
the termwithal. The format is free-form in respect to spaces. Commas
may be used in place of spaces. In the following, the examples all
dump memory starting at location 1@88H and ending at location 19FFH.

DM1306 13FF (CR)
DM10GARS14¢ (CR)

D M 1400 13FF (CR)
D M 13¢g2 S 140 (CR)
DM14649,13FF (CPR)
DM1208,5138 (CR)

r M 190¢ , 12FF (CPR)

@ Register

TRACE was designed to give flexibility in testing relocatabls
programs. The "@" register is used to tell TRACE where the module
you wish to debug is located. This address can be found f{rom
the map generated by the 1linking 1loader "LINK". To change
the "@" register, type "@ (CR)" on the console. The computer will then
type "@-xxxx " (where xxxx is the current value of the register. The
computer will then wait for.a new address. If a CR only is typed, the
register remaias unchanged. If an address and a CR iz tyved, then the
register will contain the new address. The "g" register may now be
used as part of an address. The following example demonstrates it's

use.

G/d @a3 1348

This is an exanle of the go command. Treak roints will 2e set at
the beginning of the current module, velative location 2210 in  the
currant module, 2nd at location 12f7H. This feature allows you to test

a module without having to calculate absolute addressecs.

11
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Address Expressions

For additional ease in specifying addresses an expression can be
used. Within these expressions, addition, subtraction, the "@" register,
and the "$" may be used. The "$" is the current location of the program
counter (P register). If many modules are being tested, addition can be
used to specify relative addresses.

G/2321+A3

The preceeding example would set a break point at relative location
A30 if the module is located at 2321d.

Swath Operator

There are two ways to specify the address range of many commands.
The first is to simply list the beginning and end addresses (and where
appropriate, the destination address). For example, the first command
below programs the range € through 13FFil into PROMs starting at location
E4G3H. The second command displays the <contents of wmemory between
addresses E48¢€H and E402H.

PG 13FF E460
DME43¢ E462

Another way to do the same thing is to use the Swath operator, "S",
to specify the width of the address range, rather than state the end
address explicitly,.

PG S1402 E440
bM E4008S3

Errors

Any errors made during ‘entering of a command may be corrected by
tyoing Control-U ("U) to abort the line or by backspacing and correcting
the line. If a CR has already been entered and TRACE detects an
error, the line will not be accepted and a2 "?" will he printed.

Re-enter the line with the incorrect data corrected.

18
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Other Trace Commands

The remaining TRACE commands are described 1in detail below.
The operator must wait for prompt character ("-") before entering the
command. These commands are identical to those in DEBUC, the Cromemco
Debugging Program,

- A D D — — " —— —————— -

- . s - —— - ——— — . " ——

This command allows in-line assembly language to be assembled into
memory. The command takes the following format.

A beginning=-addr (CR)

The user is prompted with the absolute address, followed by the
relative address. TRACE reads from the console the assembler mnemonics.
and assembles the instruction into memory. The mnemonics for the various
Z-82 instructions can be found in the 2-88 CPU TECHNICAL MANUAL published
by Mostek and Zilog. If there was no error in the instruction, it is
stored in memory and the user is prompted for the next instruction. The
The rules for address expressions apply to the addresses in the assembler
mnemonics. In the following example the "@" register contains 1234H.

A@44

1274 ¢p43' arnp B

1275 9#@841' CALL @93
1278 8@d44' Jp 1332495
1278 0g47' .

The A command terminates when the first blank 1line or a line
starting with a "." is entered from the console. If there is an error
in the input line, it will not be accepted, 2 "?" will be printed and
the console will be prompted with the addresses again.

DM - DISPLAY MEMORY

- - —— — o ——

The contents of memory are displayed in hexadecimal form. each
line of the display is preceded by the address of the first byte and
followed by the ASCII representation of the hexadecimal bytes. An
example follows

oM14aa,s38

€193 44 41 42 43 44 45 46 47-48 49 42 4D 4C 4D 4E 4F @ARCDEFGHIJKLMNO
#11@¢ 54 51 52 53 54 55 56 57-58 59 5A 3¢ 31 32 33 24 PQRSTUVWXYZ?1234
#12a 25 36 37 38 39 00 06 90-00 08¢ 20 80 20 00 37 28 56789 . ceetecnes
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The formats of this command are as follows.

DM (CR)

DM beginning-addr (CR)

DM beginning-addr ending-addr (CR)
DM beginning-addr S swath-width (CR)
DM,ending=-addr (CR)

DM S swath~-width (CR)

The first format displays memory from the CURRENT display address,
initially 149H, and continues for 8 lines. The second format displays
from the beginning address and continues for 8 lines. The third format
displays from the beginning address to the ending address. The forth
format displays from the beginning address for a length specified by
the swath-width. The fifth format displays from the CURRENT display
address to the ending address. The sixth format dispnlays from the
CURRENT display address for a length specified by the swath-width.

If an "X" is included after the "DM", the relative addresses are
also printed. In the following example assume that the "@" register

contains 14¢H.

DMX13@,S39 :

0190 0009 40 41 42 43 44 45 465 47-48 49 4A 4P 4C 4T 4E 4F @ARIPOFCHIJRLMIG
8110 ©419' 508 51 52 53 54 55 56 57-58 59 5A 3@ 31 32 33 34 POFTUUVVXYZA1Z54
812¢ ©0629' 35 36 37 38 39 98 09 09-80 90 2% 99 20 09 09 64 S€78%...........

- - ——————— - an o —— -

When TRACE is re-entered from a break point, the user registers
are saved. The registers may be displayed at any time by typing the
following command.

-DR (CR)
SZHVNCE A=99 EC=0600 DE=0000 HL=0066¢ S=8120 P=01440 €126' LD E,A
SZHVNC A'=¢0 B'=4000 D'=9900 H'=000¢ X=0000 Y=0000 I=00

The letters "SZHVNC" are the flags, on the 2nd row are the prime
flags. If the flag is on, it is printed, if the flag is off, a space is
printed. If only the carry and zero flag are set then " 2 C" would be
printed. The flags are described below.

S - Sign.flag, S=1 if the MSE of the result is one, ie, the
result is negative.

Z - Zero flag, 2=1 if the result of an operation is zero.

H - ODalf-carcy flag, H=1 if the add overation produced a carcry
into the 4th bit of the accumulator or az subtract oneration
produced a borrow from the 4th bit of the accumulator. .

V - Parity or overflow flag. This flag is affescted by arithmetic
and logical operations. If an overflow occurs durring 2n
arithmetic operation, the flag is set to one. After a
logical operation, the flag is set to 1 if the result of
the operation has even parity.
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N - Add/subtract flag, N=1 if the 1last operation was a

. subtraction.
C - Carry flag, C=1 if the operation produced a carrcy.

The E flag on the first line is the state of the interrupt enabled
flip-flon (IFF). If interrunts are enabled, the "E" is printed,
otherwise a space is printed. .

The A register is printed next, followad by the RC, CE, and EL
register pairs and the stack pointer. The program counter value is then
printed in both absolute and relative. The opcode pointed to by the
program counter is then displayed as an instruction.

On the second line, the prime registers are displayed, F' (prine
flags), A', BC', DE', and HL'. The IX, 1Y, and I (interrupt page)
registers are printed next. If the disassembled opcode includes an
address, the relative value of this address is printed as the last thiag

on the line.

-DR (CR)
S H NCE A=0¢ BC=0790 DE=0¢00 HL=02068 S=0060 P=1234 901¢' CALL 1234
SZ NC A'=30 B'=0000 D'=00060 H'=0000 X=00290 Y=8980 I=050 (3113%")

The data port is read and displayed as a hexadecimal number. The
format of the command 1is

E data-port (CR)

In the following example the data port 3 is read and disrlayed on
the console.

-E3 (CPR)
23

The format of the command follows.
EJ &
The d is the disk number (&, B, C, . If the designated disk is

a CRCMEMCO DUAL DISK SYSTEM model PFD, with the eject option, the
diskette in the disk drive will eject.
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- ——— ———————— — —

This command allows the operator to insert filenames in the two
default FCBs (at 5CH and 6CH) and the command line into the default
buffer (at 88H). The example below loads FILE1l.COM into the first FCB
and FILE2.COM into the second FCB. The complete line is also loaded
into the default buffer.

~-FFILE1.COM FILE2.COM OPTION]1 OPTION2

This command can be used with the "R" command to read in disk files.

The GO command has the following format.
G(starting-addr)/(breakpoint-1l) (breakpoint-2)...(breakpoint-5)

Each of the addresses are optional. If the starting address is
omitted, the the contents of the program counter is used. The registers
are loaded from the user registers (these are the values displayed with
the DR command). Execution begins with the starting address or the
contents of the program counter. If break points were specified, a
RST 38H is inserted at the break point addresses and a jump instruction
is placed at location 38H. When a breakpoint is executed, control is
returned to TRACE, and all of the user registers are saved (the registers
may then be displayed with the DR command). ALL breakpoints are then
removed from the user program. The program counter is displayed after
the breakpoint. Note the following about breakpoints:

(a) Breakpoints can only be set in programs residing in RAM,
This is because a RST 30H is inserted at each break point location.
{The original contents of these locations are saved so that they can
be restored after a break point is executed.)

(b) Up to 5 break points can be set., If an attempt is made to
enter more than 3 break points, the command will not be accepted.

(c) When a break point is used, 2 jump instruction is stored at
location 38H. Therefore locations 30H, 314, and 32H are not available
to a user program.

The GO command has an additional feature that is very helpful in
debugging a program. & count is allowed for each break-point. This
count is entered after the break-point and enclosed in parentheses.
This count is the number of times the program reaches this address
before control is returned to TRACE. A count of one says to break the
next time the address is reached. In the example below execution begins
at location 190H and will »reak when address 199P is reached for the
second time or when 123H is reached for the first time,

-GC196/148(2) 123

Note that 123 and 123(1l) means the same thing. Also note that the
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count is a hexadecimal number. Therefore 123(F) means to break after the
address has been executed for the 15th time.

- " — — " ——

- — o —— —— - ——— i — o " —— > —_r ——— —

Hexadecimal addition and subtraction may be performed by this
command. The first number to be printed is the sum of the two input
numbers. The second number to be printed is the difference between the
first number and the second number. In the exanple following, the first
number 1is 1234 + 321, and the second number is 1234 - 321.

-111234,321
1555 2F13

- — - ———— —— — " — . " . ., A A S - ——

e - — - — ——— . ——— — —— —— - ————

The list command is used to list the contents of memory in
assembly language mnemonics. The formats for this command are.

L (CR)

L starting=-addr (CR) -
L starting=-addr ending-addr (CR)

L starting=-addf 5 swath-width (CR)
L,ending-addr (CR)

L § swath-width (CR)

The first format lists 16 lines of disassembled code starting from
the current list address. The second format lists 14 lines from the
starting address. The third format lists from the starting address to
the ending 2ddress. The fourth. format lists from the starting address
for a length specifizd by the swath width. The fifth format liste from
the current list address to the ending address. The sixth format li=sts
from the current address for a length specifizd by the swath address.

The first address of the disassembly is the absolute address. The
second address is the relative address. 1f the disassembled instruction
contains an address, the absoclute address is nrinted in the instruction
in hexadecimal 2nd the relative address is printed to the right of the
disassemblad line. In the examplzs that follows, the "¢" registec
contains 28841,

~L@gep g12
39298 €832' ADDL B

3861 28¢01' CALL 32989 : (8286")
3064 08¢4' CALL 3243 (2A43")
3667 ¢807' CALL 3333 (3B33")

3982 g3ga’? Ll A,B

368B B83E' OR ° C

382C 8EaC' JR 2,3000 (3860 ")
308F BRAF! INC HL

3612 @813%' INC DE

3011 ¢811' INC EC

3¢12 9812' LK A,H
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M - MCVL MEMCRY

-—— . —— v —— - e - w—— -

The formats of this command follow.

M source-addr source-end destination-addr
M source-addr S swath-width destination-addr

The first format moves the contents of memory beginning with the
source address and ending with the source-end to the destination
address. The second format uses the swath width to determine the length
of the move. :

The move 1is verified to insure that all bytes were moved correctly.
If an overlapping move was made, errors will be reported. The error
reporting can be terminated by tyring any character.

The move command can be used to fill a block of memory with a
constant. In the following example, a zero has been entered into
location 1303 using the 8M command. The following commaend will move
zeros from location 14CH through 1288,

-M1a8 27 1%1
Care should be taken not to move memory over TRACE or CDOS.

o - OUTPUT TO TATA PORT

i o - ——————————— . ——r . —— o -——

This command outputs deta to a data nort. The following is the
command format.

0 data-byte port-number (CR)

- - ho

P - PRCCRAM PROMS

This command allows programming of PROMS. The following are the
command formats.

P scurce-addr source-end destination-addr
P source-addr 3 swath-width destinaticn-2ddr
The first format programs PROMs starting with the source address
and ending with the source-end into PRCOMs beginning at the destination
address, The second format deterwmines the length from the swath width.
If the length of the source is not a multiple of 4448 or if the
Jdestination does not begin at z 44204 boundry, TRACE will reject the
command. (Multipies of 4284 end in '44¢', ‘440, '248', and 'C@4g°'.)
Any nunter of 2748 or .2744 PPOMs can be programmed in the execution
of one comrmand as long 2s there are enough PYTESAVERS to contaia them.
Each PPCM iz verified with its source after all are oragrammed and anv
discrenancies are orinted out. 1f no discrecanciec are found, a promnt
iz nrinted and the next command may bLe entered,
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Software can be loaded into a PROM in as small increments as you
desire, provided it is added to previously unused areas of the PROM.
This is done by first using the Move command, "M", to transfer the
contents of the PROM to RAM, adding the new software to an area of RAM
which corresponds to the unused portion of the PROM and finally using
the Program command, "P", to reprogram the PROM with the result.
Athough the entire PROM must always be programmed, it never hurts to
rewrite the same data over again. In general, 2 1 may be written over a
1, a 8 over either a 1 or a 9, but the only way to change 8's to 1's is
to erase the PROM with appropriate UV light. (See the BYTESAVER manual
for details,)

- ——— . — o ——— o - ——

This command allows the operator to read a disk file. The "R"
command is used with the "F" command. The "F" command is used to
specify the filename, and the "R" command reads in the file. If the
file has an extension of ".HEX", then the file is an INTEL HEX file and
will be read into memory. Any other file is considered to be a binary
file and will be read directly into mewmory beginning at location 138H.
The format of the "R" commmands is

R
R displacement

The first format reads the file with no displacement. The second
format reads the file with a displacement., If the input file is in HEX,
then the displacement is added to the addresses in the file to
determine the addresses at which to store the file., If the file is a
binary file, it will be stored at the displacement + 190H.

When the "R" command is executed, TRACE prints either a "?2" if
there is an error (file not found, checksum error, or file attempting
to read above highest available memory location) or with the following

message if there is no error.
NEXT = xxxX

Where xxxx 1s the address of the next availabls memory location
past the end of the file.

SM - SUESTITUTE MEMORY

This command is used to substitute memorv. The format of the
command follows.

SM starting-addr

TRACE prints the absolute address, followed by the relative
address, followed by the contents of the memory byte. One of the
following may then be entered.
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(a) data-byte value. The data byte value is stored at the
address of the prompt. The address is then incremanted
by 1 and disvplayed on the next line.

(b) string enclosed in qguotes. The string is stored beginning
at the address of the prompt. The address is then incremented
past the string and displayed on the next line.

(c) Any number of (a) and (b) above can be entered on one
line. The address is then ‘incremented past the bytes that
were stored and the new address is displayed on the next
line. :

(d) "-". A minus sign does not store a byte. The address
will be decremented to the previous address. The minus
sign can be used to "back up" to a previous location in
case an error has been made.

(e) (CR) only. If no entry is made on the line, the memory
byte remains unchanged. The address is incremented by 1 and
displayed on the next line,

(f) period. A period ends the input mode and returns to the
command level.

In the example that follows, assume that the "@" register contains
the value 2808H.

-sM@lae

2999 0120' 32 9

29¢1 A1gl' 17 26

2942 4142' 21 'THIS IS AN ASCII STRING'
2919 9119' 7A 'AAAA' 3 01 23 45678 °
2928 @l128*' 22

2929 @129' 29

2922 @4l2A' 87 -

2929 ©129' 29 .

- —— - —— e >

The Sr command allows the user registers to be altered. The
letter "r" stands for the register which is to be changed. The
section SUMMARY OF REGISTER NAMES gives a summary of the names
that can be substituted. When substituting the ¥ and F' flags, enter the
command SF or SF'. TRACE will then print the flags that are set and
wait for the operator to enter the names of the registers that are to be
set. If the flags are HOT entered, the flags are reset, In the following
example, the "SZHC" flags are set. After the exampla is executed the
"7C" flags are set. The lower case letters are entered by the operator.

- ~-sf
szg C zc

When substituting a one byte register, a one byte value is accepted.

when substituting a two byte register, 2 two byte value is accepted. If
no value i3 entered, or if an error occurs, the value of the register
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remains unchang%d. In the following example, the A register is changed
to contain 414.

-ca

A=98 41

—— o > o e

- - — - —

The format of trace is
T (CR)

When this command is executed, TFACE will prompt the user for
information regarding the program to be simulated. At this time,
start and stop addresses, data areas, interrupts, I/0 and other
parameters will be set up for the next TRACE to be initiated. Refer
to Chapter 3 for a complete explanation of the TRACE simulation

commands.

- — it - ————— — ——

. — - —— v —— -

Verify that the block of memory between source address and source
end contain the same values as the block beginning at destination
address. The addresses and contents are printed for each discrepancy
found. The following is the format of this command.

V source-addr source-end destination-addr
V source-addr 5 swath-width destination-addr

This command works by reading bytes from the source and destination
and comparing them. If a discrepancy is found, the memory is read again
for print-out. Thus, it can happen that a discrepancy is printed-out
with the source and the destination contents indicated to be the same.
This is caused by a defective menmory element.

A discrepancy is printed in the following order: source address,
source contents, destination contents, destination address. In the
example that follows, memory locations 13¢3H and 1208H are defective.

-V 9 S306 19890
0883 32.12 1343
gade 73 58 1208
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Summary Of Trace Commands

The following is an alphabetical list of the TRACE commands.

Command Description
A Assemble into memory
c Continue with Trace
CN Continue with No printing
oM Display Memory
DR Display Register
E Examine input rnort
EJ EJect disk
F specify disk File name
C Go
i Hexadecimal arithmetic
L | List in assembler mnenonics
M Move menmory
C Output to data port
P Program PRONSs
Q display circular Queue
R Read disk file
SM Substitute Memory
St Substitute register
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COMMAND DESCRIPTION

T se£ up‘Trace parameters

TD initialize Trace Data areas

TH initialize Trace Halt addresses

TI initialize Trace Interrupt list

TN initialize Trace iNput channel list

TO initialize Trace Output channel list

TP initialize Trace oPtions

TR initialize Trace Restart addresses

TS initialize Trace Stop addresses

TT display Total =slapsed Time in machine cycles
TU put Trace staék above User stack

W initialize Trace display on Write areas
v Verify memory

3
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Summary Of Register Names

The following register names are printed by the DM command and should
be used with the Sr command.

Register Decrintion
F Flags, the following flags wmay be changed.
S - Sign flag
Z - Zero flag
H - Half carry flag
V - parity/overflow flag
N - subtractioli flag
C - Carry flag
The interrupt enable flag ("E") may also be changed.
F! The F' flags are the same as the "F" flags.
(note that the "E" flag may not be changed here.)
A accunulator
Al prime accunulator
B BC register pair
B! BC' register vair
D DE register pair
D! DE' register pair
H HL register pair
H' HL' register pair
S Stack pointer
P Program counter
X IX register
Y IY register
I Interrupt page register
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TYFE SAMPLE. FEN
CROMEMCD CDOS Z&9 ASIEMBLER Y. 1. 4A

; TEST PROGRAM FOR TRACE COCUMEMTATION

4

=
P

Do vy
[
Y

Dol
Lo

ORG i

#H
MOMIT: E&d BEDS

515
EowdH  ; MONITOR ADDRESS

S S
O W I O =

Vs S0 O

(a3

[
B
-1

-

=
DA

; IMITIARLIZE REGISTERS AMD MRACHIME =TARTE

D]

BN
[

TARET: DI -

L P, STRCK+24
LD EC, FLSRT i FALSE RETURM ROOEESS
Lo HL., SOURCE
LD DE. DEST
LD Fr 2
LD CEO0O0WY . A WRITE TO R DRTE ARER
CALL SLUER ; SUBROUTINE WITH

; JAM UNFRIRED PUSH
MNP _

FLSRT: - LD H, iH i SUBR RETURMS HERE
LD I.A s INITIALIZE IWNTERRUFT YEUTOR
Mz - P SET INTERRUFT MOGE
El s EMABLE INTEREURT
Lb (DEX. A

: LD B, 15 JIMITIALIZE FOR LDIR

i etk THE SIMULRTED INTERRUFPT DCCURS HERE#stdstphdog

X

giad oiical

<o

gy
DAY B OO

=

[
Mo
ed PO - E‘: 0

S 3 G NI )

[ 3 (R

[ x]

[y
[ax]
Y]
=
L

=
=
[EN
\_l
[}
o
L
D)
Do

+ o~y e (R

(i

o o 15 %

&
A

D

LEIR F BLOCK TRAMSFER
i FEHD OF BLOCK WRITES TO
: P AN UHDECLARED REGIGH OF MEMORY
LD B, 19FFH s INITIALIZE FOR BLOCE INPUT
i FROM CHRNMEL aFFH

Do O B

IHDR

LD B 18

oTIR ;ELOCK QUTPUT OW SIMULRTED CHAWNEL

CRLL M, SLBRL FSIGH FLAG HOT DEFINED AFTER OTIR COMMAND

U ]
D
YRS O TR V0 OO O DN (O O O T T O (N - i S o
N U AT DAY 1)

SUNNOUINUI OO oV IO OO X I
S, BN SRV (LI S N e

5

=

",

C
e m
£ 1
e m
L4 B WS 1]

[

[ay
Y
3]
P
n
o
£ 1o
M
far
ot )
=

)
!
-,

3

GRS ;o deembeeerk COMTROL PASSES TO THE USER PROGRAM AT HIS POINT#wkdsoptns
G337 ; i

Y]
U]

IMCZER: INC A
IR HZ: TNCZER
ARkt RESUME TRACE WHEN WE EAIT THIS LOOPessesoengeiias

2

"
[t
-
3
=
l§l I
O

P SO D Y0
L, ) 3y

,.,_
‘§‘ Dot o
2t LS T

Lk 1, SOURCE

B AOLH, 9AH PR OZ-BYTE UNDEFIMED COMMAND
R CIR+T2

AP MONIT

[ =

[ S P |

mim m oo O
e )
ot o
o0 Ay
B g
i
1
= 1%
A
O SR N

,.
DOl )
oo
]

L W

Dot]
ot
5

" 5]
Wiz AR e ORG 17EH iF I8 YECTOR FOR IMTERRUFT
F17E Sial 0ag 7 W SUBRL
A
pise 0S5 nads SLBR: FUSH B i STORE FRLSE RETURM RDORESS 0N STROE
alal Ceas SHSE SUERL:  RDD = JENTRY FUOR NURMARL SUBROUTINE
BLaz 03 5 FET

)X
ofioon

) o

HE =R R SRR R R #{ATH HEER#eersiiinheg

- T
D t_'-_:x (3]
DO
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Giod daald anSd STROK:  DEF: 26
#1298 (9E8R) BR55 SOURCE: DEFS 18
BAAS (EEaR wESae DEST: DEFS iR
BLAC CoEEd BASY GOODW:  DEFS 1
BSE
BiRb aESs END
BEEe ERREORS
£, TRACE SAMPLE. HEX The program "SAMPLE.HEX" is to be Traced.
TRACE YWERSION 2. 41
HEAT = Bisd
-T
V2. 18
START RODDR?LGE
STOF RODR{DI7H+2E
E G
L
DATH AREASC(L8OLOW RODR, HIGH ADDR?Y
124, 1AG L
DISPLAY ON WRITE(L9OLOW RDDR. HIGH RDDR?
192 1ot+in
L
EXTEND OPTCY OR Ny
REAL TIME: INPUT CH <i@>7 FF:L
GUTPUT CH (1a>? FFiL
TRACE STOP(S) Y d1z2Fil
TRACE RESTART(SY 132 L
INTERRUPTS 180, RODR, COMM, PRSS. TIMESY
11E, FE, 1. 42
L
INTERRUFPT MOLDE? &
OPTIONSC2Y? S, 2 Prints all machine state info after every instruction.
-C# Trace continucusly from the start addr specified above.
INSTP FLARGS A BC DE HL IX Iv
Ealga B9 Q300 BO08 GO0 Deed Bogd DI
4 I e e bele T g i) These are the "prime" registers.
I=0@a SP= @183 (SPy= 34FZ
@il B ED0R D380 G088 el pooa LD SP.ades
14 SP= @199 (SPy= BHag Stack Pointer and contents.
il G 33 Alls conD BoeR BedE 8388 LD BC, olds
24
EEINT B il GREE 8158 aend Gond LD HL, 91538
24
EA1AA PR Biie BIRS Aiss ohed oon LD DE. B1RE
44
BE1ab Bz Blie aiR2 8452 Abne oo LD A 82
51
@giaF 92 @lin BlRZ 3199 oo soes LD J8lAC A
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e et e e L o pat— —_ —

(1)
(]
[y
PO}
[xx}
A

T
[y
[u
[EN
Ty
D]
[
(B 1
| K]
[}
oy
L
(XX
Doy
ey
[t
b
fua]
L}
D)
[x)
-0
=
v
xI
o
]

n
[
e
fl
[t
[res
(X}
.
;
B
o
1"
Dot
=
(=8
¥

paisi B2 Blie SiA2 o128 cond Daeg ARD oo
EALSE bkt RETURN ERROR (due to the PUSH BC above)
153 % R WAS ESFECTED. ACTURL RETURN RODE= 8iic
Al 02 Alle 91A2 o133 aoea oasn RET
182 = aizs LESPa= @alls

INSTP FLpss A/ BC DE HL Ix
@ 1A2 @l -

169
ESUNES Bl B4ie ARz A152 Gooa aeod LD ILA
118 I=81 Inter rupt register initialized.
FEilA a1 9116 GLRZ el9e faod fos IM 2
128
EaLic a1 a1is QlR2 8455 Boon oaed £
136
BA1dl E Bi 8i18 AIAZ G193 oond ool L DEY R
137 Win2 =51
L2 A IMT M=z I=91 INT=FE LEY=91 Simulated interrupt.
BaliE a1 9ils @lRZ aio9 oohd Good
154 SF= 0l34 (SP)= BidE
L R a7 f1i6 BIAZ Gite oaon ool ADD 8o
153
BELEZ g7 9ile BARZ G158 0E00 BenR RET
17 SP= gi3g (SFy= 3145
matik A7 Ged9 BRZ B138 Band aood LD B, a9l

v

183

71
m
T
m

FLAGS

P.
=
S AR
[R5 et s SO (RIS VI (SO B (0 St RV OO WU I CR N OO (L Y ol (NOR S
il
-n
!
-
-
n
T
|

hotle o
-4
[aoCI n Wiy g Qe {

o
[ux)
RiNw]
m
D]
fach
m
[N
150
=
LX)
00
=
Dan]
D)
fuc]
et
=
Xy
el
ot
-t
=
=
J

EHYHC Real time input

(values above)

EaLn wifz TO aiby Block transfer to display on write area
TR HE OBR B8 GR 98 9o as L, overlaps into a non-specified area.
Bl stk MEPORY WRITE HOT IN A SPECIFIED REGION
Main 1 B e T T T R T
L2l A7 AR08 91B2 GRS foon oaoa LDIR
Sz9
BALZZ a7 LBFF AilE2 91RS ooos 9eed LD BC 10FF
539
BELZ Bios o (SRR s
(a1 F FF FF FF FF FF FF FF ... ... .. ... ...
T
126
=253
I ZHYNC &7 GRFF PiB2 ol9e ool dogn LD B.oaR
2ES
EOLZA FH HC 87 G0FF GiB2 9lRs o@ed pood OTIR
186 .
LS stk TRAMSFER ON IHDEFIMITE FLAG Sign flag not defined
a1 7 REFF A 3

)
:Cl
he
r.,
=
o
=
(2]
by

EH MG & BFF @iB2 WiAT GB0E Go8a |
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ZH © @8 BuFF

2]

R eh S BN

229 FTTRE 3 R O3 T TR B

=138 B136

™
IMHETR
+431 30

1
3115
#ils
#11S
Blis
BiLs
Blls
s
Bils
811S
@11k
BilkE
ils
G115
ails
a1is
i R
Hi1s
GARE

FLAGS
&H «
ZH NG
ZH ML
ZHYHL
SHWHC

[y

[0t

+HA1 20
+312A
+3LzE

-
hab u

D)

[ux] o<
Bt B B B S e Rt e B (e o)

£V 5 S S

+e3L A0 E
+ELLl
+idA

-~
v ]

-
o

1

-~
.

&
TP P T P S0 0D R R S P B

-
!
1

[

ooy
=
[
[

USR]

ogEnot)
ToaX e

(OO
[y

poact
Pan)

Do R IR

T
.

[icn]
=
X

1<

st Ly
-
%

=
DoUN
T

o

F
jS1¥]
H
I

[xn)
e
fan]

i

oD
-
)
VoD T
MLERCUNMOLEE )
T S %

=Y
LS o I )

T
o)

[
[l
DX Y

,_

W%
M
X
!

% B ]

..
2
e

[
=

12!

[(¥%]

b

o)

1E2 BLAZ G195 GHad

UNDEF THED: THSTRUCTIUN
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The 2-byte instruction
DD OA is undefined for
the Z-80
Control returns to the
monitor.

Display contents of Queue buffer.
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