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PREFACE—Trace is a powerful sysiem simulator

designed to facilitate Assembly Language Program Development
on Cromemco Computer Systems. Virtually all aspects of System
Operation can be simulated including Prioritized Interrupts

and I/O Commands. A historical record of Program Execution

is maintained in a 100-Instruction Circular Queue. The advanced
features of Trace enable it to be used in place of Logic

analyzers or In-circuit Emulators in Program Development.
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Introduction

The Cromemco TRACE program enables the user to test and debug
programs, TRACE emulates the behavior of a 2-88 processor as it
follows the logic o©of the user program, providing 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 program. DERUG is automatically loaded along with TRACE,
and acts as a monitor for TRACE. 1In this manual the terms "monitor"
and "DEBUG" are used interchangeably.

TRACE Options include c¢ontrol of register disgolay, choice of
display freqguency, i.e., after every instruction, after every braanch,
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 user locate errors guickly iaclude
warnings 1if the user writes to wunexpected areas, simulation of
Input/Output commands on the console, warnings ¢of attempts to exescute
undefined commands, undefined calls to COOS routines, improper return
from subroutine calls, and execution of branch instructions or Jdecimal
adjust if the relevant flags are in an undefined state.

TRACE also allows the user to simnulate 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 includes all the commands available in DERUG as well as
some special commands to access summary information developed by a
trace of a .user progran, A complete summary of TRACE commands

follows,

e e i - —— i — it "~ -

e —— T ATk N g —

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 M"number-of-lines”
instructions, displaying the registers in accordance with the options
entered following the "T" comamand described below. "number of lines"
is entered as a hexadecimal number. You may trace through RAM or ECM,

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

- . im e 4 a m ot m i krhea voAr mrEAmTam

- s 3 Ce e e
on hit any key on the console, ) I O Severe BLLuvls iu wus ua e 9 _
in progress will be completed To abort a trace during execut:

- e ! Displays from the sinmulated instruction

2
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_he user registers will be preserved, and contrel returns to the
monitor.

A ———————————— . Y _— . — . - . ———

A A A ——— k. e

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

T ———— - ————————

e — . T ——— " i " T T . ——

The c¢ircular queuve showing the last 180 branches or the last 162
instructions simulated is displayed.

A -

. —— i —— -

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,

—— e — A — . P —— T A g ke A -

This command sets the upper area of the TRACE "CALL"™ stack egual
to the 16 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.

- ——————— i A i A ———— " A S T —— ——— - -

INITIALIZING SELECTED PARAMETERS

. i ke il A A . —— T ————— v . = T ——

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

The following commands:

D 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

.S Initialize trace STOF addrecses

are treated in detail in the sample trace below,
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A T ————— i —

To initialize the parameters controlling the tracing of a2 user
program tyne:

T (CR)

The following shows the use of TRACE to examine the action of the
nrogram OAMPLE listed in chapter 5. The user tesponse is shown in
upper case, the TRACE nrompts are given in lower case. Entering an
'¥' at any time following a TRACE prompt will return control to the
monitor, The user may enter the parameters reguested by TRACE as
address expressions, Within these expressions zddition,subtraction,
the "©" register, and "$" (the current instruction counter)} nay be
used, :

start addr? izacr) Simulation starts at the address
entered., : '

stoo addrs (5)? §$+3B (CR)

£EQ86 (CR) :

L {(CR} A list of up to 5 addresses
{(maximum) at which tracing stops
and contrel returns to the monitor.
These addregses must c¢orrespond to
the first byte of an instruction 1in
order to take ceffect. A
terminates a list,

.y ———————— - —

data areas (1%) low addr,high addr
154 ,18C; L Enter 2 maximum of 1% memory areas
to which the uger orogram writes,
If the user program writes to an
address withia these areas, no
ercor i3 regorted.
Conras or sgaces may be used
25 delimiters, carriage returns oc
semicolons separate items entered
as sets {(e.qg.,pairs of addresses).
If the stack area is not declared
here, the meszsaqge: QARAA  AAAan!
MMM MEMORY WRITE NQOT IN SPECIFIRED
RECION will be printed after every
stack writing operation,
After a CbOS call, the &8
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locations of the us2r stack used by
CDOS will be printed,

-

——— .

display on write (13) low addr,high addr

138 198+1%

L : Enter a maximum of 19 areas witnia
which a display of the contents of
the memory is desired whenever the
user program writes to these areas,

extended opt (y or nj}? Y Type Y to enter the additional

options listed below.

e M ———

——————— ;- ]y (o —

real time: inp ch(l@)}?

FF;L List un to 12 input channel port
addresses for which real time
axecution is desired.

—————— " ] .

. ————— ;- e - ——

output ch (1%)7?
FF; L Pesignakte up to 17 real tiwe outsut
channeals. In this exannle iapurs
to the sense switches (T.PUT 5790
and outnuots to the cense lights
(CUTPUT RFFPE) will be =2xeocuted
instead of simulated.

trace stop (3)7
Gl2F;L Enter up to 5 a2ddresses at which
- control passes from TRACE to the
user prograir, These &ust bhe on
instruction boundaries. Thig and
the following TRACE restart option
zllow the user to avoid tracing
through subroutine calls, timing
loops, etc.
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trace restart (5}7?

132;:L

e  —— . ———— . -

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(19),addr,comm,nass,times?
11E,7E8,1,13 (CR)

L (CR)

interrupt mode ? 2

options

D O3 ~3 OV s LN
I
|
I

{2)?

92,2

Schedule up to

the number of times

simulated
interrupts.tnter the address (11T}
at which the progran
interrupted, the byte appearing on
the data bus (7E),the rate at which
the address will be interrupted (1
for each time we pass this address,
2 for every other time etc.}, and
the progran
by this

will be so interrupted
pattern (13 hex or 19 times).

will

be

Initialize interrupt mode at &,1,0r
2. If other values are entered the

intervupt mode is set at @,

and a

warning 1is printed if a simulated
interrupt iz executed before the
interrupt mode has. been defined.

The first entry (OPT 1)
what is printed according to the

following tabl=e:

ITEMS PRINTED

(PC) Instruction address

(F

-a)

the
the

Flags and Accumulator
3,C Register Pair

- " - D,E Reqgister pair

- " - =" - H,L Register Pair
R IX Register

- " - - " - -" - - " - IY Register

above plus the disassenbled command.
above plus the total machine cycles.

controls
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If a number for OPT 1 greater than 9 is entered, OPT 1 is set
egual to 9.

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

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

OPT 2 =2 Print at every instruction as directed by GPT 1.
oPT 2 =3 At every instruction write the Program counter,

Flags,accumulator, and the additional register
pair selected by OPT 1 to the circular gueuve as

follows:
OPT 1 <=3 BC register pair
OPT 1 = 4 CE "
QPT 1 = 5 HL "
OPT 1 = 6 IX register
OPT 1 =7 1y "
OPT 1 = 8 sPp (stack pointer)
QPT 1 = 9 (5P} contents of top of stack
This dJdata iz written to the circular gueue unless
OPT 2=4, :
QPT 2=4 At each Dbranch instruction, write the Program

counter, next instruction address, flags and
accumulator teo the circular ouveue.

When a Q command is given in response to the
promnt "-" the contents of the circular gueue are
displayed, last instruction first.

If a2 wvalue greater than 4 is entered, CPT
is set egual to 4.

~

Control now passes t¢ the nonitoer 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, oOr
monitor breakpoints return control to the monitor.

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)? 13E (CR}
135:;1527

i
error ctetype line
135;1527

[

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

data areas (1%) low addr,high addr
134,1AC

456,459:123;:67%,68°9

teo few,last= 8123

Too few entries have been made for items reguired in sets. 1i.e,
data areas, simulated interrupts. "last= 8123" shows the value cf the
last item oproperly read. In the exarmple above, 9123 was entered
without a corresponding upper boundary. The data area limits 678,685
must also be recentered as they were not read. Should it not be clear
to the user which data items must be reentered, return to monitor by
entecing %! and enter the entire 1list under that category.
Otherwise, anter the missing item and continue,

Execution Time Messages

LAY (Data DAMage)

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

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

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

@AAAA ADMAA' **%xx* TNTERRUP] MILCE UNDEFINED, ASSUML =0

A siwulated intecrrupt .occurs at address AAAM with the mode not
previously defined. The mode is assumed to be egual to 4.
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@AAAA AAAA' ***x3x DAA WITH H FLAG INDEFINITE

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

BAAAA AAAA' **xx%ix pmmm  MEMORY WRITE NOT IN SPECIFIRD REGICH

The commmand at address BARAA wrote to memory location MM which
is neither in a declared data area nor in a " display on write " area,

AAAAA AAAAY *Xxx k% YXWX to YYYY PBLCCK MOVE WILL CVWruTITE TITLLF

The command at address AARA is a block transfer or a block iaput
instruction which would write over itself. Tracing halts and control
returns to the monitor.

PDAM (Program DAMage)

The user - program has changed nemory occupied' by TRACE
instructions, Control returns to the monitor. Reload TRACE before
proceeding, : '

GARAA AAAA' **xxxx  CALT STACK OVERFLOW

Following a CALL,RST, or a MODE 1 interrupt, the call stack has
overflowed or underflowed, and the retuvrn address error following this
‘arning may be in ercor.

@AAAA AARA' *Xx*xx% RETURN ERRCP MMMM WAS EXPECTED.
ACTUAL RETURI ACDR= WHNNN,

PFollowing a return instruction, the return address from the user
stack (WHNN) does not agree with the return address (MMMM) 2sntered to
both the user stack and the CALL stack at the last CALL,®RST,or MOME 1
interrupt. The simulated program counter is set at address HINN and
simulstion proceeds,

S/P NOT R/W

The user program stack pointer was not assigned to PAM arza when
a TRACE RESTART instruction returned control Lo TEACE, or the user
program encountered a CDOS c¢all.,

If this error message follows a trace restart instruction the
proper restart address was not transferred through the stack to TrRACE.
Simulation halts and control returns to the monitor.

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

CAAAA AAAA' x¥Exxx* MMM GRITE TO SYSTEM AREA

Command attempted to write to address MMMM, within the TRACE or
system area.
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QAANR AQAAY FxEARF FYYZ to YYYY CLOCK WEITE TO SYSTHM ARDA

At address AAAA a block transfer or a block input instruction
attempts to write to TRACE or the system area. Tracing halts and
control returns to the sonitor.

GAARA AAAA' *¥* kX ¥y to YYYY RLCOCK MOVE WRAPS ARQOUNL MEMCORY

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

GAAAR AAAA' *xxkxxkx TRANSFER ON INCEFINITE FLAC

The flag c¢ontrolling the transfer at instruction AAAA has been
set by a command that leaves it in an indefinite state.

GAAAA AAAA' ¥**xix%xx UNDEFINED INSTRUCTION
ccCC

The instruction at AMAA i3 a two byte unidentified command
{CCCC). Tracing halts and control passes to the monitor.

AAAA ARAA' **xxk%x STOP ADDR

Tracing has stogped at address AAAA in the stop addregss list, or

a monitor restart has been encountered., 7To continue tracing tvoz '
and the instruction at the stop address will %e simulated and tracing

will contiaue,.

i+ 2 £ 1 F F ¥+ 5 P i i

SIMULATED INPUT/CUTPUT MESSAGES

RS S E R TS S SR EREE R RS S S ESEEREEE

QABAAMA AMAAY IN £YY

This message indicates a simulated input is expected from the
console. AAAR i35 the instruction address and YY is the ianput chaanel
designated 1in hexadecimal,. The wuser then enters the desired input
data as a two digit hexadeciwal nunber or as a single quote followed

by an ASCII character.
Examples:
829992 IN §3 7A
82369 1IN #2 'Q

GRARA AAAR' IN #YY 5888 TO TTTT
TYPE M FCOP tONITCR

A2 block invut instrcuction at 3RAA will store inocut data ia the

10
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region bounded by 8888 and TTTT. The user may enter the mopitor by
typing ¥ on the console and then substituting data directly into the
memory area 5858 - TTTT, or [ill this area with the Move command. As

before YY is the input c¢hannel designation.
If the user does not invoke the monitor, TRACE expects un to 24

bytes of data per line and proampts 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 Jdata as hexadecimal or ASCII

preceded by a singles gquote.

@AARR AAAR' OUT xYY XX A,

This indicates a simulated output on the console, where A22A is
the instruction address, YY is the outout channel designation, %¥ i3
the output data in hexadecimal, and 2 is the RSCII ecuivalent. A
period follows the ASCIT output to aid in detecting spaces. Line [=2ed
is shown by 'LF', carriage teturn by 'CRr‘,

@AAAA AAAA' QUT #YY
BEEB: N1 R. N2}S. N3 T.

This indicates a simulated block output at address AAAR, directed
to port YY. The starting source address for each line is EERE,
followed by a <c¢olon. N1l,N2,N3 are the hex putputs, and F,S,T the
corresponding ASCII outputs 1f these are printing chacacters, else
blanks are output in their place. Carriage return and line feed are
displayed as 'CR' and 'LF' respectively,.

SIMULATED INTERRUPT OPTION

25 5+ - -5 350 F ¥

The user may enter in response to the prompt:
interrupts (1@) =addr,comm,pass,times?
up to 12 simulated interrupt patterns of the form

AAAR,CC,PPPDP  HNIN

ARDR is the address of the command to be interrunted if intecrunt
enable flag is set.

cc is the command appearing on the interrupt line,

FPPPP is the number of times (in hexadecimal) we pass this address
to exescute the intercupt. Thus if PPPP=]l wa execute the
interrupt on every time the simulated program counter
reaches JAAA,

NNHN is the number of times this interrupt pattern is repeatad
After WNNN interrupts at this address, no furthec interrupt
from this line occur.

L
3

1
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e TE_bhe  dntarrants araadi ol 2 b he L 0Sn A0 A e N DACONES s av s,
pending, the interrunt is executed at the second command following an
interruot enablse, If two or more interrupts become pending, the
pattern entered first under the initial simulated interrputs prompt is

the interrupt of highest priority.
If the 1interrupt mode <changed while the user program was in

control a simulated 1nterrupt will not execute in the mode set under
user control.

CDOS Calls

On encountering a transfer to the CLOS entry point (ordinarily
CALL 5) TRACE verifies that the contents of the C-register reguest
valid CrLOSs functions, and that any writing to memory is done to
locations outside the TRACE or CDOS area, and that the user stack is
in RAN., TIf the CDCOS call writes to a disk, TRACE checks that the disk
is 1lngged on, displays a write to disk warning message on the consele
a2nd waits for the user to type 'Y' as confirmation 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
resultse of any writing to memdary outside declared areas. The actual
execution will not be displayed, however.

RS I N S T EE SRS EEmSR RSOSSNSO ESRDRSE=ZESRE

CEHAINING PROCRAMS UNCER CLOS COMNTROL

g - T I I T Y y T L T T ¥V T ¢ ¥ ¢
EE 5 F & 5 5 b & S 3 3 & F 4 5L R

If TRACY encounters a CCOS chain command the following uES&&]O is
d1unlave3 en the consola:

CHAIN, TYPE L TO LOAD AND EETURN TC LEBUC, C TO CONTINUE.

rResponding with a 'L' loads the new pregram originating at 1404
and returns to the monitor.Typing 'C' resumes tracing after the new
program is loaded, and entering any o2ther character ceturus control to

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

predictabls a2nd those shown by TRACE will not be the same as a CHAIN

command performed under control of the user program.
'hhen the new program is sucessfully loaded, TRACE sends 3 message

CHAIN COMPLETE
to the consoles, .

M e o o ma im o e e e e
R 5 5 3 F & F F & 53

CDOS CALL ERRQOR VESSACGES
CHAIN ERPCFE

The c¢hz2ined program is not on the disk, or did not read nroperly
from the disk. .Control passes to the monitor,

12
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of the program c¢alled by CDOS is not
Control

CHAIN FILE NOT & COM
access a disk not logged on.

The extent
passes to the monitor.
DISK NOT LOGCED ON
An attempt was made to
passes to the monitor.
INVALIM CDOS CALL
The c¢ontents of the ( register do not indicate a valid CDOS
routine. Control passes to the monitor.
CDCE8 CRASH MESSAGE
This is printed in lieu of the "INVALID JUMP TO LOCATION XXXX"
message reported by CBOS (due to executing a RST 7 instruction caused
by defective memoryv, verhaps). Control then passez to the monitor.
CDOS WARHK ROOT ATTEMPTED
A& program has attempted to reboot CLOS via a jump to location
Control passes to the monitor.

geoa.

13
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- Trace Command Format

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 14K left for the user program.

Loading Trace

TRACE is loaded by typing one of the following cowmmands from CLGS.

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 iz loaded into memory directly
below CDOS. The CDOS jump instruction located at location 5H is changed
to jump to the start of TRACE. This allows locations 6H and 7E to still
point to the leowest 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 1G9H, **** NOTE **** TRACE does not load relocatable
files, If an extension is ".REL" it will be loaded in as if it were
binary and will not be executable.

Contrel Characters

-

Contrel characters are used in TRACFE £o help in entering
commands, Theses control characters are the same ag CROS usezs.

Control-C (°C) g0 hack to CDOS

Control-H ("8} delete character and backspace on CFT
Controi=u ("U) delete line )

Control-X (°X) delete character and echo

underscorce delz2te 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 (°8) stop/start printing. If printing, this

character will stop the orinting. If already
stopped, 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 1209K and ending at location 19FFH.

DM1286 19FF (CR)
DM10ARS19E8 (CR)

D M 1068 13FF (CR)
DM 148 S 146 (CR)
DM1G0%,10FF (CR)
DM1286¢,S5138 (CR)

L M 1980 , 12FF (CR)

@ Register

TRACE was designed to give flexibility in testing relocatabls
programs, The "8" register is used to tell TRACE where the module
you wish to debug is located. This address c¢an be [ound <{rom
the map generated by the 1linking loader "LINK". To change
the "@" register, type "3 (CR}" on the conscle. 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 remains unchanged. If an address and & CR is tyved, then the
register will contain the new address. The “@" register may now be
used as part of an address., The following example demongtrates it's

use.
G/% B8a2 15a9

This 1s an 2xanle of the go command. Treak roints will 2e set at
the beginning of the current module, relative locaktion A28 in  the
cuorrtent module, 2nd at location 14%g0H, This feature allows you to test
2 module without having to calculate aksolute addresseze,

¥
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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 c¢an be

used to specify relative addresses.
G/2321+A3

The preéeeding example would set a break point at relative location
A3H if the module is located at 23214.

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 13FF#l into PROMs starting at location

E4G9H. The second command displays the contents of memory bDetween
addresses E£498H and E4@32H.

PG 13FF E460
DME43¢ E442
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 E400
DM E4010833

Errors

Any errors made during "entering of a command may be corrected by
to abort the line or by backspacing and correcting

and TrACE detects an

typing Control-U (7U)
"2 will he printed.

the line, If a CR has already been entered
error, the line will not be accented and a
Re~enter the line with the incorrect data corrected.
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Other Trace Commands

The remaining TRACE commands ate described in detail bhelow.
The operator must wait for prompt character (*-") before entering the
command., These commands are identical to those in DEBUC, the {romeswmco
Debugging Program.

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 assemblss the instruction into memory. The mnemonics for the various
2=-82 instructions can be found in the 2-~89 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 agsembler
mnemonics. In the following exanmple the "@8" register containg 12344,

A@4a

1274 @gg4a' aApp b

1275 2841 CALL @93
1278 844" Jp 1432+95
1278 0947

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

bM - DISPLAY MEMORY

e ————— e Al ol 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

orlan,s38

818 40 41 42 43 44 45 46 47~48 49 42 4D 4C 4D 4E 4F QARCDEFGHIJKLMNOG
glla 5@ 51 52 53 54 535 56 57-58 59 5A 3@ 31 32 33 24 PQRSTUVWXYZA1234
#1280 2S5 36 37 28 39 50 00 AA=20 00 30 006 92 89 A2 A5 SA789. . ereeoaaan

20
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The formats of this command are as follows,

DM (CR})

CM 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 [irst format displays memory from the CURRENT display address,
initially 199H, 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 disnlays from the
CURRENT display address for a length specified by the swath-width.

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

contains 174¢4.

DMX142@a,530 :

019G G0N0 42 41 42 43 44 45 45 47-48 49 4R 4R 4C 4D AR 4F @APCCRFCHIJRLMIG
#1109 @al9* 3@ 51 52 53 54 55 56 57-58 S%9 SA 39 31 32 33 34 POrTUUURXYZAIZZ4
9l12¢ 9e29' 35 36 37 38 39 58 0@ ag-40 90 20 49 J0 €69 08 92 SE78%........ ..

Ak e e e e e

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

-DR (CR)
SZHVNCE A=99 EC=03600 DE=0098 HL=00€@¢ S=28190 P=0190 06128' LD E,A
SZHVNC A'=00 RB'=0000 D'=00200 H'=6000 X=0000 ¥Y=90080 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 " Z 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, %=1 if the result of an operation is zero.

H - lalf~-carcy flag, #=1 if the add cperation produced a carry
into the 4th bit of the accumulator or 2 subtract oneration
produced a borrow from the 4th bit of the accumulator. )

V = Parity or overflow flag. This flag is affacted 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 oneration was a

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

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

The A register is printed next, followed by the RC, RE, and HL
register pairs and the stack pointer. The program counter value iz then
printed in both absolute and relative., The opcode pointed to hv the
program counter is then displayed as an instruction,

On the second line, the prime registers are disnlayed, F' (2rime
flags), A', BC', DE', and BL'. The IX, 1Y, and I {(inteccupt page)
registers are printed next. If the disassembled opcode includes an
address, the relative value of this address is printed as the last thing

on the line.
-BR (CR)

S H NCE A=0¢ BC=G380 DE=0000 HL=08¢f S=00C2 P=1234 901@9' CALL 1234
SZ NC A'=80 B2'=0000 T'=8000 H'=6009 X=08390 Y=0880 I=08 {A11g')

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

£ data-port {(CR)

In the following example the data port 3 is read and displayed on
the console,

~E3 (CP)
23

A A A e kb A e —

The format ¢of the command folliows.
EJ 4
The d is the disk number (A, B, C, D). If the designated disk is

a CRCMEMCU DUAL LI3K SYSTEM medel PFD, with the eject option, the
diskette in the disk drive will eject.

2
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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 89H). The example below loads FILE1l,COM into the first FCB
and FILE2.COM inte the second FCB, The complete line is also loaded
into the default buffer.

~FPFILE1.COM FILE2.COM OPTION] OPTION2

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

e g . e

The GO command has the following format.
G{starting=-addr)/(breakpoint-1) (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 disrlayed with
the DR command). Execution begins with the starting address or the
contents of the program counter. If break points were specified, a2
RST 38H is inserted at the break point addresses and 2 jump instruction
is placed at location 38H. When a breakpoint is executed, control is
returned to TRACE, and all of the user tegisters are saved (the reqgisters
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) Ereakpoints can only be set in programs residing in RAM.
This is because a RST 20H 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 5 break peoints, the command will not be accepted.

(c) When a break point is used, a jump instruction is stored at
location 388, Therefore locations 30H, 314, and 328 are not available
to a user program.

The GO command has an additional feature that is very helpful in
debugging a program. 2 count is allowed for each break-point. This
count is entered after the break-point 2nd enclosed in parentheses.
This count is the number of timeg 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 exarmple below exacution begins
at location 198H and will »reak when addregs 199F is reached for the
second time or when 123H is reached for the first time.

-G18¢/149(2) 123

Note that 123 and 123(1) means the same thing., Also note that the

23
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count 1is & hexadecimal number. Therefore 123(F) means to break after the
address has been executed for the 15th time.

o —— i ——

e R i A o S N pE o S S S .

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 orinted is the difference between the
first number and the second number. In the example following, the first
nurber is 1234 + 321, and the second number is 1234 - 2121,

-111234,321
1555 @gr13

e e A

i —

The list command is used to list the contents of memory 1in
assembly languaqge mnemonics, The formats for this conmand are.

L (CR)

L starting-addr (CR}

L starting-addr ending-addr (CR)

L starting-addf 3 swath-width (CR)
L,ending-addr (CR)

[ 5§ swath-width (CR)

The first format lists 16 lines of disassembled code starting fronm
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 a2ddress. The fourth format lists from the starting address
for a length specifizd by the swath width. The fifth foraat 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 addrese.

The first address of the disassembly i3 the absolute address. The
second address is the relative address. If the disassembled instruction
contains an address, the absolute address is nrinted in the instruction
in hexadecimal 2nd the relative address is printed to the right of the
disassemblad line. In the exampls that follows, the "g" register
centains 28844,

~L@8en 812
3062 ©838' ADL E

3281 28¢1' CALL 3289 ‘ (B2EG ')
3664 08¢€4' CALL 3243 (9a43 %)
3667 ¥887' CALL 3333 {3B33")

390a @34A' LO A,B

3308 983E' OR ~ C

380C 289C' JR 2,36648 (3880°%)
3gAF 28aF*' INC HL

301% @gl3' INC DE

3811 6R11*' INC EC

3gl2 6812' LK A,H

24
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M - MOVE MEMCRY

A —————— . ———

The formats ¢f tnis command follow.

M gource-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-~2nd to the destination
address. The second format uses the swath width to determine the length
of the move, :

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

The move command can be used to fill a bleck of memory with a
constant. In the following example, a zero has been entered into
location 1383 using the SM command. The following command will move
zeros from location 18CH through 198H,

-11e8 87 121
Care should be taken not to move memory over TR2CE or CLOS,

O - QUTPUT TO TATA PORT

s e A g A

This command ocutputs data to 2 data nort, The followiang is the
command format.

0 data-bvte port-numbec (CR}

A v e ——

P - PRCCRAM PROME

W e b v e

This comrand allows grogramming of PROMs. The following are the
coanand formats.

P scurce-addr scurce-end destination-addr
P source-addr S swath-width destination-24dr

The first format programs PROMs starting with the source address
and ending with the source~end into PROMs beginning at the destination
address, The second format deterwmines the length from the swath widkth,

If the length of the source is not 3 multinle of 4°8AF or if the '
destination does not hegin at a 4284 boundry, TFACE will reject the
command, (Multisles of 4484 end in 'daa, '4a0', 'gag’, and 'C80'.)

Any nunber of 2798 or 2724 PPOMs can be programmed in the execution
of one comwmand as long 25 there are enough RYTESAVERS to contain them.
Fach PPOM iz verified with its source after 3ll are orogrammed and anv
discrenancies are orinted out. If no discrecancies are found, 2z orompt
is orinted and the next command nay Le entered.

25
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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 scoftware 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 progqrammed, it never hurts to
rewrite the same data over again. In general, 2 1 may be written over a
1, a @ over either a 1 or a @, but the only way to change @'s to 1's is
to erase the PROM with appropriate UV light. (See the BYTESAVER manual
for details,)

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
gpecify the filename, and the "R" command reads in the file. If thne
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 memory beginning at location 128H.
The format of the "R" commmands is

R
R displacenent

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, TIf the file is a
binary file, it will be stored at the displacement + 148H,

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
messadge if there is no error.

NEXT = xxxx

Where xxxx is the address of the next available memory location
past the end of the file.

SM - SUBSTITUTE MEMORY

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

SM starting-addr
TRACE prints the absclute address, followed by the relative

address, followed by the contents of the memory byte. One of the
following may then be entered.

2%



Other Trace Commands

e W e s | e — iy m— e m—

data~byte value. The data byte value is stored at the
address of the prompt. The address is then incremented

by 1 and disolayed on the next line.

string enclosed in quotes. The string is stored beginning
at the address of the prompt. The address is then incraemented
past the string and displayed on the next line,

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. :

n.® 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.

(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,

period. A period ends the input mode and returns to the
commangd level.

(a)
{b)

{(c)

{d)

(e)
{£)

In the example that follows, assume that the "g@" :egister contains
the value 2868H.

-cM@lag

2%9¢ 01489’ 32 ¢

2991 41d1' 17 926

2002 A142' 31 'THIS IS AN ASCII STRINC'
2019 gl119' 7A *ARAA' 9 801 2 3 4567 8¢
2928 @l28°' 22

2929 €129' 29

2922 #l12A' 87 -

292% 8129 29 .

PR ———— ket i

Sr - SUBSTITUTE RECI3TER

o ———— A ————— T ——— " - "

The Sr command allows the user registers to be altered. The
letter "r" stands for the register which i3 to be changed. The
section SUMMARY OF REGISTER NAMES gives a summary of the names

that can be subsatituted, When substituting the F and F' flags, enter the

command SF or SF'. TRACE will then
wait for the operator to enter the
set, If the flags ace HOT 2ntered,
example, the "SZHC" flags are set,
"7C" flags are set. The lower case

- w=gf

Sz .C zZC

print the flags that are set and
names of the registers that are to be
the flags are reset, In the following
After the exampls is executed the
letters are entered by the operator.

Wwhen substituting a one byte register, 2 one byte value is accented,
When substituting a two byte register, 2 two byte value is accepted. If
no value is entered, or if an error occurs, the value of the register

21
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remains unchang%d. In the following example, the A register is changed
to contain 414,

-sa
A=98 41

The format of trace is
T (CR)

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

commands.

—— v

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

V source-zddr 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 memory elament,.

A discrepancy is printed in the following order: source address,
source contents, destination contents, destination address. In the
example that follows, memory locations 1283H and 1208H are defective,

-V 9 S3¢ 13464

e8g3 32 .12 1283
288 7A 5A 1708

28
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Summary Of Trace Commands

—

The following is an alphabetical list of the TRACE commands.

Cominand Cescription
A Assemble into memory
C Continue with Trace
CN Continue with No printing
oM Display Memory
DR Display Register
E Examine input nort
EJ EJect disk
13 gspecify disgk Fils nane
C Go
i Hexadecimal acithmetic
. L List in assembler mnenonics
e Yove menory
0 Qutput to data port
P Program PRONS
o} display circular Jueue
R Read disk file
SM Substitute Memory
St Substitute register

0
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COMMAND DESCRIPTION

T set up.Trace parameters

TD f initialize Trace Data areas

TH initialize Trace Halt addresses

TI initialize Trace Interrupt list

TN initialize Trace iNput channel list

TO initialize Trace QOutput channel list

TP initialize Trace oPtions

TR initialize Trace Restart addresses

TS initialize Trace Stop addresses

7T display Total slapsed Time in machine cycles
U 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 Decription
F Flags, the following flags wmay be changed.
S - Sign flag
Z - 2ero flag
H - Half carry flag
V - parity/overflow flag
N - subtractiotli f£lag
C - Carry flag
The interrupt enable flag ("E”) may also be changed.
F' The FP' flags are the same as the "F" flags.
{note that the "E" Elag may not be changed here.)
a accumulator
B! prime accunulator
B BC register pair
|- BC' register pair
D DE register pair
!’ DE' register pair
H BEL register pair
B' HL' register pair
s Stack pointer
P Program counter
X IX register
Y IY register
I Interrupt page register

32



3



Trace Sample Run ErsmmmEsInss

TYFE SAMPLE. FEN
CROMEMCD CDOS 299 RSIEMBLER Y. 1. 48

gl ; TEST PROGRAM FOR TRACE COCUMENMTATION,

A2
2Eaa WA RG 1aeH
(EQEG) . @0ad MONIT: Eal gESEaH  ; MONITOR AODRESS
BEas
oaac ; IMITIALIZE REGISTERS AMD MACHIME STATE
@Ha7
3o FX waae START: DI -
aip1 3135081 QaRs Lb P, STRHCK+2
wisd atical BEls LD B, FLERT s FALSE RETHRM ROGRESS
By Zi58at Gatd LD HL, SOURCE
GLEA AAREal Qe LD DE, DEST
G1al ZEue % B LD A 2
wlaF Z2RCed owid LD CEO00WY, A JWRITE T R OGRTE AREA
#1412 Chepel (515 & caLL SUER ; SUBRDUTINE WITH
HRLe i AN UNPRIRED FLISH
A% o1 7 NOP
a445 ZEwt AL FLERT. - LD #, iH ; SUBR RETURNMS HEEE
Rifs ED4? LS LD LA JIMITIALIZE INTERERUPT “YELTOR
B1iR ELSE BRIz Mz - P SET INTERRURT MOCE
g11C FB i El s EMAELE INTERELFT
g4l 12 ae22 Lo CDEX. A
A14E EldaEd Bia2s LD EC, 15 s IMETIALIZE FOR LDIRE
BE2d kbbb THE SIMULATED INTERREUFT OCCURS HEREssttoerih
aes
w24 EDEA s LLiR s BLOEK TRAMSFER
BAZT FEND OF BALOCK WRITES TO
BEZE - ; AN HUHDECLRREED RESIOM OF SEMORY
#1233 GlFF1a s LD B, 19FFH ;IHITIALIZE FOR BLOCK INPUT
BEZE ; ; FROM CHAMNMEL 9FFH
@126 ELER AEzE INDR
BLZE weEn aaze L B, 18
iza EDEZ BAEE OTIR FELOCK DUTFUT 96 SIMULATED CHARMMEL
elze Flasal Biazd CHLL i1, SUEBRL ;516N FLAG MOT DEFINED AFTER COTIR COMMAND
BHE5 '
GG ¢ oeekdenknt CONTROL PASSES TQ THE USER PROGRAM AT HIZ POIHTHckmbedondrs
WAE7 v
BizfF 20 gezd IMCZER: INMC A
Wl e 2aro QESY JE M. TNCZER
CIEER | eskemngsemiashtachbentrreRE SUME TRACE WHEN WE EXIT THIS LOOPsseesedteiieg
WiAgl
gizZz DDEissal Al LE 1% SOURCE
aize ODaR e Xs 2] BO0DH, BAH A Z2-BYTE UNDEFIMED COMMANE
B1EE DUEsAD PLEEE 2 CJR+53
HlzE L3OER Q545 JP MOMIT
B1iZE g QRG 17EH PRI YECTOR FOR INTEREUPT
BLFE Sial B 7 et LBkl
Ria4E
@Lge L5 PR ZUER: FUSH B PETERE FALSE RETURN RDUDRES:D O STHUK
alzl CEBE HatE SUBRL: ARG =1 FENTRY FUOR HOURMAL SERCGT THE
eily €3 EasL RET
RS2 ik kgt DA TH  BEER emek kit
BESE
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Trace Sampie Run -

a1g4 (aalds BABa4 STRCK: DEFs 26
A1SE (asEBR> BRST SQURCE: DEFS g
BLAE (BERaR BESe DEST: DEFS i@
A1RC (asal ) Sy GOUG: CEFS i
wasg
BiRDh BaSS END
Bisaa ERRORS
£, TRACE SAMPLE. HEX The program "SAMPLE.HEX" is to be Traced.
TERCE YERSION 2, 44
NEXT = &134
-T
vz 18
START RDDE?184A
STOF ADDR(S 73+3E
Eaoid
L
BATA ARERSCLEMLOW ACDR. BIGH RDDR?
184, 1AC: L
DISFLAY OGN WRITEC18OLOW ADDR, HIGH RDDR?
198 193+18
L
EXTEND OPTCY OR HO¥Y
REAL TIME: INPUT CH <i@>™ FF:L
OUTPUT CH <da? FFiL
TRACE STOP(SH? 1zFiL
TRACE RESTART(S»? i32:L
INTERRUPTS 180, RLODR. COMd, FRSS, TIMES?
11E. PE, L, 12
L
IMTERRUFT MODET @
OPTIONSCZY? 9,2 Pripts all machine state info after every instruction.
-C# Trace continuously from the start addr specified above.
INSTR FLAEGE A BC DE HL IX Iy
Eialee B GEEQ BEed peod noaa eoon DI
4 BH AHEE FR90 MaRa These are the "prime"” registers.
I=/a SP= 6494 CSPY= Z1FZ
Biad A QRRR Saen OREGS SOsa agoa LD SR, aiss
14 SP= @i (SPY= aRd Stack Pointer and contents,
31 B3 a1l 600 BonR OaEE P9aE LD BT, 6lie
24
EFELAT BE Alif P9dE @49% Snog apod D HL, a5
4
EBALER e oALle SR 9198 faed @ana |LD DE, 81RZ
44
eelab B 8115 BlA2 9152 HeRe o8oo LD A oo
51
BEaF @2 Blls FBLAZ B19% veod Beea L0 <edRCo A

35
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64
@3iiz B2 aiie QLAZ S152 f@ad Qeod CALL B13d
T4 SP= BLEe CEPI= B11s
@e 50 gz 9116 94R2 @138 DB Eu@n PUSH BC
25 == 8154 CEPY= Bl1E
EELEL B2 @dis 9lA: elsd Do) G0l RDD b
w2 '
BT werctrie  RETURN ERROR (due to the PUSH BC above)
115 WRS EXFECTED, ACTUARL RETURNM ROLE= Dile
1% REX) o 16 BAAZ B193 Gl Ghed RET
162 SP= i (SPy= 8113
INSTP FLass A BC DE BL I 1y
EE115 g1 @416 aiR2 B198 Qods BEGe LE A Bl
169
%5 B Bdise Gif2 8152 Gees @aEa LD 1L A
113 I=81 Interrupt register initialized.
@341 @1 Blle SLRZ B198 Qooe sReg I 2
126 : .
EELL Bl 9118 A1RZ G198 98hn Ppaed £1
130
BA110 E o1 o118 9iA2 o193 ot abgs LD (DED. R
137 ainRz =g
@adiE INT M=z I=til INT=PE  LEY=2 Simulated interrupt.
EALAE Pl alis iRz Q1592 Q@0 300D
154 LF= @104 (SPM= BAAE
LN RSN B Blle @lRz 91%S Go0E Dood ADD Bo
18=
2N R g7 @116 GlAZ G198 oeg Rapn RET
172 SP= 91%e (SHy= 311D
BEL1E A7 Bad8 GlRZ 8132 ooEd Aaba LD ec. asld
1892 -
Eai iRz TQ 2181 Block transfer to display on write area
wiF2 TS 1 i e R [ I = overlaps into a non-specified ares,
EEiEd desicsiclet MEMORY WRITE MOT IM A SPECIFIED RESION
MELRD i I S N 2 . S
B3Pl @7 BRE8 B1B2 A1AS G8cn GaEd LR
523
BRL2E Ay LaFF aibz Bips aegs ggod LD BC, 16FF
i3
A1 IS B19% TQ wlAg
o FF FF FF FF FF FF FF FF FF FF FF FF FF FE FF FF ... ... ... ot
INSTF FLAGS R BC DE HL IX IV
@FLIS THYNC 97 BOFF »iB2 G195 4900 GRE3 INDR Real time input
=R (values above)}
BALIS ZHYNC @7 9AFF 2A4EZ al9e sebd a@aa LD B8R
aEA
B2 ZH HC  B7 9BFF GiB2 aif2 oaod fae OTIR
1665 :
2a1EC rppderckck TRAMSFER ON IMDEFINITE FLAG Sign flag not defined
EELEC ZH NG 97 RaFF fiB2 GIAZ o8dd Geas CRLL M . algd
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1ETE
F1EN ) ZH o B8 9EFF @lRX oia2 oi9n buod LD X, bizg
15
A1 stttk UNDEF INED TNSTRUCTION The 2-byte instructicn
DD oA DD 0A is undefined for
the 2-80
L5 bk STOP ADOR Control returns to the
monitor.

-4l Display contents of Queue buffer.
{MNETP FLAGS A (5P
+Hal #e ZH T o988 mils
+31 20 FH NC A7 8dis
+E12A ZH OHC A7 @113
w322 SHVHE 87 aLis
+ig1 26 ZHYHC @ B1lS
+i 23 5 P e B
+Aalsl a7y aLLs
+E11E ay atils
+ELEE a7y @11S
+aiad w7 GidiE
+iilE Bl BiiE
+i1 10 £ o1 A115
L AN Bl 4115
+14i1R ot a1is
+alis Al @l
+E11E w1 #1115
LD 5 e e B
+ELat g alls /
+hl o B2 Blis
+E11 = 2 I ]
agiatsy 852 AoEng
+E1 1130 A LAk
+HFLER S1 R 1T 1]
+R1a7 3 EREEE
+E1] G sl T e]
+31ia1 A EER
+91609 ga IAF3
-‘.'I::

31



Cromemco’

280 DERNARDO AVE MOUNTAIN VIFW, CA 92043



