EK-DCTEM-UG-001

DCT11-EM
Evaluation Module
User’s Guide

dENEEEN.
sAlEEEEEED.
,ANEEEEEEEEE.
ARTENEEEEREEL
ANNEEEEEEN

HEE

dlilgliltiall



EK-DCTEM-UG-001

DCT11-EM
Evaluation Module
User's Guide

Prepared by Educational Services
of
Digital EqQuipment Corporation



1st Edition, September 1983

© Digital Equipment Corporation 1983.

All Rights Reserved.

Printed in U.S.A.

The material in this manual is for informational purposes and is sub-
ject to change without notice.

Digital Equipment Corporation assumes no responsibility for any er-
rors that may appear in this manual.

The manuscript for this book was created on a DIGITAL Word
Processing System and, via a translation program, was automatically
typeset on DIGITAL’s DECset Integrated Publishing System. Book
production was done by Educational Services Development and
Publishing in Marlboro, MA.

The following are trademarks of Digital Equipment Corporation:

2030080 MASSBUS  TOPS-20

DEC PDP UNIBUS
DECmate P/OS VAX
DECsystem-10 Professional VMS
DECSYSTEM-20 Rambow VT

DECUS RSTS Work Processor
DECwriter RSX

DIBOL TOPS-10



PREFACE
CHAPTER 1

o —

CHAPTER 2

204012101219

hode s (o —

CHAPTER 3

Tt —
W ba =

:\M_u.ag.uwu.nww'...aL..af...aw'_u'.utﬁ'.,.n'p'.u',a'u'..aua
A e D —

-—'——-————--—-—-\DPOQC_OCOC--JlO‘;JI

N I

CHAPTER 4

3 —

CONTENTS

Page
OVERVIEW
INTRODUCTTON ettt f-1
THE DCT11-EM AT A GLANCE ..o i, I-1
INSTALLATION
INT R O DU C T I N L e e e, 2-1
POWER SUPPLY REQUIREMENTS. ...t 2-1
CONSTRUCTING A POWER SUPPLY CABLE .......ooovveeoiioeeeee 2-1
POWERING UP AND VERIFYING CORRECT OPERATION ..o 2-3
JUMPERING e s e et eae et 2-4
KEYPAD OPERATION
INTRODUCGTION ..ottt ta et e 3-1
NUMBER SYSTEM ettt 3-2
EXAMINING REGISTERS ... 3-2
ALTERING REGISTERS ... 3-4
EXAMINING MEMORY LOCATIONS ... e veeaernan 37
ALTERING MEMORY LOCATIONS ..o e 3-10
ENTERING AND EXECUTING A SIMPLE PROGRAM .__.......................... 3-12
WORKING WITH A LONGER PROGRAM ... 3-16
Using the Single-Step Function. ..o 3-17
USING BreakPOInts oottt 3-19
Using the Watchpoint ... e e 3-22
USING THE HALT SWITCH .ot eee s 3-24
THE INT SWITCH ... e 3-25
THE USER LED ..o e 3-25
PERFORMING KEYPAD SPECIAL FUNCTIONS ..., 3-26
Function 0 - Cancel Breakpoints..........oovvivecieieeieis e, 3-27
Function 1 — Go With LEDs ... e 3-27
Function 2 — Start ConsolC ... 3-28
Function 3 — Set Baud Rates.......ocoo e, 3-28
Function 4 — Release Protection ..ot 3-30
KEYPAD COMMAND SUMM A RY e e 332
CONSOLE OPERATION
INT RO DU T ION L e e e 4-1
TRANSFERRING CONTROL BETWEEN THE CONSOLE TERMINAL
AND THE KEY PAD e 4-2



[y —

g —

e o o o—

e e e e e e e e e — o — o — — —
N

B e b D B b B B B R R R
R T T

CHAPTER 5

P b= m = —
[ —

'k)l'\I\\J'!'_thLl\U\LI\".h(J‘ILh
b —

B Lo L b =

whoh
e
[ —

543
544
545
5.4.6

CONTENTS (Cont)

GENERAL RULES FOR CONSOLE INPUT ... 4-2

CONSOLE CONTROL COMMANDS ...ttt 4-3

B X PR E S IO S et er e st r et 4-3

EXAMINING REGISTERS e 4-5

ALTERING REGISTERS ..ot 4-5

EXAMINING AND ALTERING MEMORY LOCATIONS -

INTRODUCTORY CONCEPTS ... cetineesee e e 4-5
The Address Pointer ..ot e 4-6
Output Formatting MoOes ...t 4-6

CXAMINING MEMORY LOCATIONS....... ettt 4-7

ALTERING MEMORY LOCATIONS .o va e 4-10

INSTRUCTION FORMAT ... TS OO S SPS U RUPUUSUUS PPN 4-11

TYPING IN A PROGRAM ...ttt e 4-12

USING SYMBOLS. . ettt et nes 4-13
SYMBOL NAMES ... et e 4-13
Commands That Define and Manipulate Symbols.........coooooivnmeeniin 4-14

EXECUTING AND DEBUGGING PROGRAMS ... 4-15
Using the Watchpoinl ... e 4-16
Using the Single-Step Function..........cc e 4-17
Using Breakpoints ..ot ae e e 4-19

DCTIT-EM DIRECTIVES ettt 4-20

MISCELLANEOUS CONSOLE FUNCTIONS ... e 4-21

LOADING THE DCT11-EM FROM A HOST COMPUTER ............ccoceion. 4-22
Configuring the DCTI1-EM for Host Loading........cccocovniiniiiiii, 4-22
The HOST Command ..ottt 4-23
The TALK Command ...t 4-23
The LOAD Command ..o 4-24
Preparing DCT11-EM Loadable Programs on a Host..........co..oooieeenennl. 4-25
An Tustration of the Host Loading Process ..o 4-28

CONSOLE COMMAND SUMMARY ..ot 4-29

CONTROL COMMAND SUMMARY ... et 4-32

SOFTWARE

INTRODUCGTION Lo ettt 5-1

THE MONITOR ...t see ettt et aestsssne s 5-1
The Stack POINLET ....oviiei ettt 5-2

MONITOR SUBROUTINES. ... et e 5-2
Keypad/LED SUBFOULINES. ... .ot rvseeeeeee e 5-2

Using the LEDs and Keypad.........cooooi e 5-4
Using Keypad/LED Subroutines - Example Programs........cccec.occ.... 5-5
Console SUDTOULITICS ...iooiiiic i ceeteerre ettt es sttt ess e 5-8
Console Character Manipulation ..............oovieeeeeeaii e 5-10
Using Console Subroutines — Sample Program.........oooooicvennnnnnn. 5-10

DCTI11-EM ADDRESS SPACE ...t m 5-13
Standard RAM SPACE ..ot 5-15
Expansion RAM Space.......cc...iiiiiivveeii e et 5-15
MOTHEOT SPACE oottt e bt 5-15
L/ S PACE e e ettt raeas 5-15
Space Available for External Hardware oo 5-16
RESErved SPaCEe ..ot e 3-16

v



CHAPTER 6

[PV BV

F s

e 2 - - - - - - - 4
iU"‘_J!:II“J‘- ‘A
b | )

-
v 4

APPENDIX A
APPENDIX B

APPENDIX C

Figure No.

LI I S A U e T T Y
P b = s e B N — B ) —

O\O\O\c\mmmub&wlutra!la|d

CONTENTS (Cont)

HARDWARE
INTRODUCTION Lottt e et e e e e et a ettt e e e e e aaaaaaas 6-1
DCT11-AA MICROPROCESSOR ...t anannn s 6-3
R A M e e e e 6-3
MONITOR EPROM L.ttt eiee s ibs s aeas s sae et s sas e e e emseeannnnes 6-4
PERIPHERAL CHIPS AND DRIVERS ...t 6-4
Parallel Port (8255A). i 6-4
DLART Console Serial LiN€. ..o 6-5
Auxiliary Serial Line (B25TA) i 6-5
INTERNAL DATA BUS BUFFER ..o eeeeen s 6-5
USER BUFFERS ... a ettt eeeea et a e aeeteen e iaeea 6-5
PROCESSOR CYCLE DECODING .......ccoiiiiiiiiiieeiieeeeeeeeeeeeae e eenae e 6-5
ADDRESS LATCHING AND RANGE DECODING.........ccooeiiiiiiiie, 6-5
PERIPHERAL CHIP ADDRESS DECODING .....ovooieeeeeeeee e, 6-6
INTERRUPTS AND TR APS e 0-6
TIMING Lo et e ss et et e e s et s saas e e e s sa e e e ssr e e s sabaassrneeernsaaeersee 6-7
MISCELLANEOUS CONTROL LOGIC ... 6-7
KEYPAD/LEDS ...ttt et asnee et atre e 6-7
HALT AND INT SWITCHES ... e 6-7
CONNECTORS. ..t ettt ar et a e et s e et tesanree s 6-8
HARDWARE EXPANSION — EXAMPLE s 6-11

MONITOR LISTING
SCHEMATIC DRAWINGS

ERROR MESSAGES

FIGURES

Title Page
ATACHINE PIn 10 WITC .o 2-1
Inserting Pin into CONMECIOT .oviiiiii ittt sne e e 2-2
Power Supply Connector Pin ASSIZAMENtS .............oooiiiiie e, 2-2
Power SUpply CONMECIOT ...vi oottt asa e et aeaeae e 2-3
DCTI1-EM Keypad, Switches, and DISPIays ..o s ssirren e 3-1
Connecting a Console Terminal to the DCTII-EM ... 4-]
Connecting a Host Computer to the DCTIT-EM ..o 4.22
LED Segment ASSIZNMENTS........cooiiiiiieieiieiie e eeeeeie e nr e sissesssnseessneeesnnnnes 378
SEGBUF ASSIZNMENLS ooiiiiiiiiiies st aeseesssame e ere s e ee s s sssnnaneeeeeennnraeens 5-4
DCTTI-EM Memory Map ..ottt eab e et 5-14
Map of 1/ SPace .. ... e S-16
DCTI1-EM System Block Diagram ... 6-2
Address Range Decoding ...ovvvvvveiiiiiiiies e 6-6
60-Pin Connector Pin ASSIZRMENtS ... et 6-11
16 KB Memory Module ..o 6-12



TABLES

Title Page
Control Command SUMIITALY ... e 4-3
DCTIHI-EM DITECHVES ...t s 4-21
Reserved 1/0 Locations for Peripheral Chips ..o 6-4
Interrupt Vector LOCAlIONS . ....ooiiiii e 6-7
DCTI1-EM Connector Pin ASSIZIMENTS ..o 6-8
CONSOLE IMESSAEES ... ittt e e e e e e bbb e e e e et C-3

vi



PREFACE
This book explains how to use the DCT11-EM evaluation module. Although the book presents many
topics in simplified form, some technical background is assumed on your part: It is assumed, for example,
that you are familiar with the basics of microprocessor software and hardware. However, you need not be
familiar with microprocessors manufactured by Digital Equipment Corporation.
To understand software details such as those contained in the monitor listing (Appendix A), you should be
familiar with the MACRO-11 language. To understand hardware details, you should be able to read and
interpret schematic diagrams and data sheets.
The book is organized as follows.
Chapter | is an introduction to the DCT11-EM and contains a specification summary for your reference.
Chapter 2 explains how to install and power up your DCT11-EM.
Chapter 3 shows you how to operate your DCT11-EM using the on-board keypad and switches.
Chapter 4 shows you how to operate your DCT11-EM using a console terminal.

Chapter 5 provides software information and describes the use of monitor subroutines,

Chapter 6 gives an overview of the DCT11-EM hardware and contains information you will find useful if
you plan to design external circuitry.

Appendices A and B contain the DCT11-EM monitor listing and schematics, respectively. Appendix C
contains a summary of error messages.

You will find that this book requires a high degree of interaction between you and the DCTI11-EM.
Chapters 3 and 4, in particular, are structured so that examples are an integral part of the text.
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CHAPTER 1
OVERVIEW

1.1  INTRODUCTION

The DCT11-EM is a standalone, single-board computer. Tt is designed as a tool to introduce you to the
DCT11-AA microprocessor CPU chip and the PDP-11 architecture. It contains supporting hardware and
software which greatly simplify the task of evaluating the DCT11-AA for your application.

The DCT11-EM gives you considerable flexibility in designing your own software and hardware. You can
write programs to run on the DCT11-EM which are substantially.the same as those written in the versatile
PDP-11 assembly language. You can also design your own hardware interfaces to use with the DCT11-
EM. In fact, your hardware can connect directly to the DCTI1I-EM’s internal data paths through an on-
board, 60-pin male connector.

This chapter summarizes the features of the DCT11-EM. You will find more detail in the chapters that
foilow.

1.2 THE DCT11-EM AT A GLANCE
Central Processor

e  DCTI1-AA microprocessor
¢ 133 ns cycle time (standard)

Memory

e 4 K bytes of RAM, expandable to 8 K bytes
e 16 K bytes of EPROM which contains the DCT11-EM monitor

Input/Qutput

¢ Two serial ports, one for a console terminal and the other for an auxiliary RS$232-C device

¢ Onc 8-bit parallel port

¢ One 60-pin connector for use by expansion hardware; allows access to DCT11-EM internal data
paths

Host Communication
s Host computer can be connected to the auxiliary serial port for downline loading of programs

s Character format is asynchronous, 8 bits, ASCII, no parity, one stop bit
e  Available baud rates are: 300, 600, 1200, 2400, 4800, 9600, 19200

Software
Software is EPROM resident

e  Keypad monitor for performing operations with the on-board keypad
e  Console monitor for performing opcrations with a console terminal and with a host computer



On-Board Control Hardware

¢  20-key keypad (4 X 5 array)
e  HALT push-button switch

On-Board Displays

¢  Two rows of 6-digit octal LEDs
e  User LED

Interrupts

e  Four levels of interrupt priorities
®  On-board interrupt push-button switch

Diagnostics

e  (Contained in EPROM, autématically run at power-up time
Documentation {provided with DCT11-EM)

®  DCT!I-EM User's Guide

o DCTII-AA (MICRO/T-11) User’s Guide
®  DC3IT9-A4 DLART Data Sheet

Physical
*  Width: 20.3 cm (8 in)
*  Length (including connectors): 27.9 cm (11 in)
e  Height: 3.8 cm (1.5 in)
e  Weght: 450 gm (15 oz)
Environment
*  Noncaustic environment required
¢ Operating temperature: 10 to 40 degrees C
®  Relative humidity: 10% to 90% (noncondensing)
o Altitude: Up to 2.4 km (8000 ft)

DC Power Requirements
®  For keypad operation only:
5V (5% @ 2 A
° For console terminal operation:
+3V (5% @& 2 A

+12 V (£10%) @ 50 mA
=12V (210%) @ 50 mA
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CHAPTER 2
INSTALLATION

2.1 INTRODUCTION
DCT11-EM installation consists of attaching a power supply, powering up, and verifying that the board is
operating properly.

2.2 POWER SUPPLY REQUIREMENTS

The DCTI1-EM requires a +5 Vdc supply (£5%) capable of delivering up to 2 A, If you plan to use the
console or auxiliary serial ports, you also need a +12 Vdc supply (£10%) and a —12 Vdc supply (x10%)
each capable of delivering up to 50 mA,

WARNING
To protect yourself against injury from contact with
circuits that carry high energy, we suggest your
power supply outputs be limited to no more than 240
VA. This is in accordance with standards for data
processing equipment.

CAUTION
We recommend that you fuse your power supply
outputs at 5 A or less to provide overcurrent protec-
tion te circuits and remote wiring.

2.3 CONSTRUCTING A POWER SUPPLY CABLE
The DCTL1-EM is packaged with a power supply connector and pins with which you can assemble a
power supply cable. To do this, perform the following steps.

1. Select a |1 foot length of medium gauge (10 to 14 gauge) wire and strip the wire about 1 /4 inch
from each end. If you are using multiple-strand wire, twist the strands together at each stnpped
end.

2. Insert onc end of the wire into a pin as shown in Figure 2-1. Crimp the pin to the wire with a
pair of pliers or a crimping tool and solder the wire.

PIN

/S ane H—— ==—

Z:_“,RH'J’IP PIN HERE, THEN SOLDER WIRE MR 10341

Figure 2-1  Attaching Pin to Wire
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6.

7.

Insert the pin in the connector as shown in Figure 2-2.

MR 10342

Figure 2-2  Inserting Pin into Connector

Repeat steps 1, 2, and 3 for each wire in your connector, (Use different colored wires for easy
identification. )

Attach the wires to a power supply, making surc they correspond to the correct voltages as
shown in Figure 2-3.

-12v

GND

+6 V

12V

A 10343

Figure 2-3  Power Supply Connector Pin Assignments
Turn on the power supply and use a voltmeter to check that the correct voltages appear at the
connector pins.

Turn off the power supply and attach the connector to the DCT11-EM as shown in Figure 2-4.
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POWER SUPPLY

A& A

INSERT

POWER SUPPLY CABLE

OCT11-EM

MA GG

Figure 2-4 Power Supply Connector

You are now ready to power up your DCT1I-EM.

2.4 POWERING UP AND VERIFYING CORRECT OPERATION
Make sure your DCT11-EM is on a nonmetallic surface and positioned so that it does not come in contact
with any conducting objects. Then turn on your power supply.

When you apply power, the DCT11-EM runs its diagnostics automatically. The diagnostics: (1) perform
checksum tests for the on-board RAM and PROM, and (2) write and read back data to and from the
DLART. If the diagnostics run successfully, the LEDs display the following.

This shows that the keypad monitor is active and ready to accept your input. Further information on using
the keypad is given in Chapter 3.

In addition to activating the keypad monitor, the DCT11-EM also sets these initial conditions:

All user RAM is cleared

The symbol table is cleared

The stack pointer is set to 7400

Both serial port baud rates are set 10 9600.

You will learn more about what these initial conditions mean in later chapters.
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If the two rows of LEDs are blank after you power up, your DCT11-EM probably has major problems,

The LEDs may display a flashing diagnostic error message after you power up. The meaning of the error
messages is summarized below.

UPPER LOWER
DISPLAY DISPLAY MEANING

RAM checksum test failed. Try
1 Elrjrfo|r replacing RAM chips.

ROM checksum test failed. Try
replacing ROM chips.

RAM and ROM checksum tests tailed.
Board may have major prablems.

£ DLART feedback test farled.
Board may have major prohblems,

If you suspect vour board has major problems, contact Digital Equipment Corporation or the authorized
distributor from whom you purchased your DCT11-EM. The DCTI1I-EM is warranted against defects in
workmanship for a period of ninety (90) days from the date of delivery.

2.5 JUMPERING

There are two metal posts located above the upper left corner of the DCT11-EM keypad. Install a jumper
between these posts if you want to disable the generation of DCT11-AA microprocessor cycle slips. If you
do this, you must also change the DCT11-AA’s 7.5 MHz clock frequency to a frequency between 3 MHz
and 6 MHz. To change the clock frequency, remove the 7.5 MHz crystal from the board and install a
crystal of the desired frequency.

This is the only jumper that may be installed on the DCT11-EM.
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CHAPTER 3
KEYPAD OPERATION

3.1 INTRODUCTION
This chapter explains how to operate the DCTI11-EM using the DCT11-EM’s on-board keypad and
switches. When you complete this chapter, you will be able to do the following.

Examine and alter the contents of registers in the DCT11-AA register file.
Examine and alter the contents of memory locations.

Enter and execute programs.

Debug your programs through the use of single steps, breakpoints, and watchpoints.
Perform halts and interrupts.

Perform a number of other functions.

The DCT!1-EM keypad, switches, and displays are arranged as shown in Figure 3-1.

r_v_
s T Nl
LED DIGITS
{UPPER ROW) KEYPAD
_i LED DIGITS HALT SWITCH I I
L (owerpowy ) L ) /_:m SWITCR
H
@ A PC PS WP
L 7 8 9 ADR FNC
T
PROTEC sP
4 5 8 REG BPY
| GOLED CONSOL  BAUD
@ ¥ I | 2 k] BAC GO
USER CANCEL  ENTER
LED ﬁm— O O O CLR 0 EXA ADV SST

MA 10345

Figure 3-1 DCTI11-EM Keypad, Switches, and Displays
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Figure 3-1 shows two rows of six LED digits which display data, addresses, and other information. Below
the two rows of LED digits is a single LED (called the user LED) which you can use as an indicator in your
programs. To the right of the LEDs are the HALT and [NT push-button switches. These switches perform
the functions their names imply; that is, they can halt and interrupt DCT11-EM operation. To the extreme
right is a 4 X 5 array of switches called the keypad. The keypad is used to enter commands, instructions,
and other information to the DCT11-EM. Pressing keys will generally cause responses to appear on the
LED displays.

3.2 NUMBER SYSTEM

[nformation that is input or output via the keypad/LED combination must be represented in octal
notation. Since the DCT11-AA is a 16-bit processor, the acceptable range of octal inputs and outputs is
000000 through 177777.

3.3 EXAMINING REGISTERS
To examine the contents of a DCT11-AA internal register, you must first place the DCT11-EM in register
mode. Do this by pressing the REG key. The LEDs display:

Now you may examine a register by pressing any of the following keys:
0 through 9
or
CLR, which is equivalent to key 0.
In general, the name of the register being examined appears on the upper row of LEDs, and the contents of
the register appears on the lower row of LEDs. The exception to this is when the watchpoint (WP) is
examined. [n that case, an address called the watchpoint (WP) address is displayed on the upper row of

LEDs, and the WP contents are displayed on the lower row.

Keys 0 through 7 select RO through R7, the eight registers in the DCT11-AA register file. Registers 6 and
7 are dedicated and are referred to as the stack pointer (SP) and program counter (PC), respectively.

Key 8 selects the processor status (PS} word. Only the lower 8 bits of the PS word are meaningful. The PS
word contains the current processor priority, the processor condition codes (N, Z, V, and C), and the T-bit.

Key 9 selects the watchpoint {(WP). The WP is useful in connection with program debugging and is
discussed in Paragraph 3.8.3.
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NOTE
If you have just powered up your DCT11-EM or if
you have halted its operation, it is not necessary to
press the REG key to get into register mode.

The upper row of LEDs will display:

The lower row of LEDs will display the current
value of the PC, and you can simply press one of the
keys 0 through 9 or CLR to select a register.

Examining Registers — Example 1
You want to examine the contents of various registers. It is assumed that the registers stili contain their

initial (power-up) values,

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
REG rlElG Get into register mode
o r{o o|ofofojojo
H
7 P(C oc|ojlo|o|0O
6 g|p D/D|6|5 0|0
\
CLR rlo o|o|o oJ‘o 0
8 P|S 0|{0|0(0 0|0
9 0|0j0{0(0D Q|D|D|O(0(O

The ADV and BAC keys allow you to examine register contents sequentially. Pressing the ADV key allows
you to examine registers in ascending order. You cannot advance beyond the WP. Pressing the BAC key
allows you to examine registers in descending order. You cannot back up beyond RO.

If you want to examine registers nonsequentially after you have pressed ADV or BAC, you miust first press

the REG key to reinitialize register mode. Otherwise, you will alter the contents of the register you are
currently examining.
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Examining Registers — Example 2
You want 1o examine more registers. You begin by examining them sequentially. It is assumed that the
registers still contain their initial (power-up) values.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
REG rlElG J Get into register mode.
\
ADV r l 0 olo|ojojo]o
ADV L r 1 olojojo|o|o
aDV r|2 o(ojo|o0|0|o0
lBAc L r 1 L OLD o(ojol0
BAC r|o ] oro|ojofofo
Yau wanted to examine
4 r| 0 o|0|(of(0o 0|4 R4 but you altered RO
instead.
CLR 0 ¢, 06 |/0]0]D Clear the incorrect entry.
REG r|E|G This is how to examine A4.
a r|a olo o|o|0ofo0
\ Now you're sequentially
lBAC "7' 3 o|ofojojoro examining again.

3.4 ALTERING REGISTERS

To alter the contents of a DCT11-AA internal register, you must first examine the register as described in
Paragraph 3.3, To review, this means you must place the DCT11-EM in register mode by pressing the
REG key and examine the desired register by pressing one of the keys O through 9. Once you have done
this, press the EXA key and alter the contents of the selected register by pressing keys O through 7 in the
desired order.
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The previous conients of the register will be cleared and you will see the new contents being shifted in from
the right side of the lower row of LEDs as you press keys.

If you wish to clear the contents of a register, press the CLR key after vou have pressed the EXA key.
Pressing the CLR key also clears a register while you are entering data.

Altering Registers — Example 1
You want to set register R3 to 000232 and the SP to 6000. It is assumed that the registers still contain
their initial (power-up) values.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
REG r|E|G % [I Get into register mode.
. T
|3 r|3 o|o o(o|o 0 Examing R3,
!
Ir 2 ojojo|D({D|O Enter 232
! :

2 ' 3% 0 o‘l[o]u 0|2

3 13 olo|o olz 3

2 r|3 olo|o|l2a|2
Yau change your mind.

CLR v ojo|0j0(a;0 and clear R3 instead.
Get back into register

REG rEIG mode to change another
register.

I E. RE {the 5P}. |
. xamine the .t
& §|F 0 017] ele currently = 7400.
EXA S|P ¢|0|7 /4,00 Set SP = 6000.
I
6 5P olojo]a 0'5
o S|P o|o|o|O|6|C
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The ADV and BAC keys allow you to alter register contents sequentially. Pressing the ADV key allows
you to alter registers in ascending order. You cannot advance beyond the WP. Pressing the BAC key
allows you to alter registers in descending order. You cannot back up beyond RO.

Press the ADV or BAC keys until you arrive at the register you want to alter, then press the desired
sequence of keys O through 7 to enter the data. If you want to clear the register, press CLR. If you want to
aiter registers nonsequentiatty after you have pressed the ADV or BAC keys, you must first press the REG
key to reinitialize register mode. Then press O through 9 to select the desired register, followed by EXA,
followed by the data you wish to enter.

It is generally easier to stay in sequential mode and step forward or backward to the desired register than
to perform nonsequential alterations.

Altering Registers - Example 2
You have just completed example 1 and now want to sequentially change some registers.

UFPER LOWER
KEY DISPLAY DISPLAY COMMENTS
IBAC r |5 o|0|0|j0|0l0O RS is now alterable.
4 t|5 plo|oj0(0la Enter 43.
3 r|s o|o|oofa|s
BAC r 4L o|lojojo|olo R4 is now alterable.

p|ojojo|o]Q R3 is now alterable.

BAC T':’

o(0 00|01 Enter 1.

¢o|0|0|0|0 0O naw you want to clear R3
and atter RQ.

L R4 is now alterable. But

ADV r

BAC




CLR r|3 0|0|Q|0|00

BAC r|2 0]0i0, 00| 0

BAC r| o o|o|0|OD|0|O RO is now alterable.

|1 r|o olololala|1 Enter 1,

3.5 EXAMINING MEMORY LOCATIONS
To examine a memory location, you must first place the DCT11-EM in address maode. Do this by pressing
the ADR key. The first time you do this, the LEDs display:

and the lower row of LEDs displays the most recently examined address.

Enter the address of the memory location you wish to examine by pressing the appropriate sequence of
keys O through 7 .

The previous address will be cleared and you will see the address you are entering being shifted in from the
right side of the lower row of LEDs as you press keys.

If you make a mistake entering your address, you can press the CLR key to clear your entry and try again,
Once you are satisfied with the address you have entered, press the EXA key. The address of the location
you are examining (the address you just entered) appears on the upper row of LEDs, and the contents of

this location appear on the lower row of LEDs. Only even addresses can be examined. If you enter an odd
address, it is rounded down when you press the EXA key.

37



Examining Memory Locations — Example 1

You have just powered up your DCT{I-EM and want to examine some memory locations. There is a
program that resides in the DCT11-EM called the monitor which begins at address 140000. You will learn
more about the monitor later, but for now, all we want to do is examine some of iis locations,

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
Aidid|r 09 0"70 iro Q Get into address mode.
I
1 Ald|dir Q|00 |0 | 01 Enter 140000.

L]
»
a
a2
-

| © ]
o
o
=]
N

= ]

L=l
-4
o
o
=
=]
o
o
o
I
=]

>
Piﬂ.
-
I
(=}
Q
F-3
(=)
Q

The ADV and BAC keys allow you (e examine memory locations sequentially. Pressing the ADV key
allows you to examine memory locations in ascending order. Advancing beyond address 177776 results in
examining locations starting at 000000. Pressing the BAC key allows you to alter registers in descending
order. Backing up beyond 000000 results in examining locations starting at 177776.

If you want to examine memory locations nonsequentially after you have pressed ADV or BAC, you must
first press the ADR key to reinitialize address mode. Otherwise, you will change the contents of the
memory location you are currently examining,

Examining Memory Locations — Example 2

You have just finished example 1 and now want to examine more locations in the monitor. You start by
examining them sequentially.
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ADYV

BAC

ADR

-]

]

EXA

BAC

UPPER LOWER
DISPLAY DISPLAY COMMENTS
ojoloj2 153|310
g |0j0]4 ojo|1167
7]s ]
ojo|o|s 7 BJ 7la12
T
oj0|o|4 o ]o 1067
t Remnitialize address
dld{r 4(010 01 4 mode for nonsequonyial
1 I examina.
! You try t
Ajd|d|r ofojof0: v o gxamine
: 140101
ddjr 00,014
dld ‘ r o] |D 14 [ o]
|
d|d|r oL 14lo|1
dld{r 11410 ] 110
d|d]|r 4|01 IO 1
| The address is rounded
0it:0 0 Q|01 I 6|7 down and you exammng
140100.
olol7le 7l3i3lole Now you're sequentially
examining again.
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3.6 ALTERING MEMORY LOCATIONS

To alter the contents of a memory location, you must first examine the memory location as described in
Paragraph 3.5. To review, this means you must place the DCT11-EM in address mode by pressing the
ADR key and examine the desired location by pressing the appropriate sequence of keys O through 7.
Then press the EXA key.

The contents of the location vou are examining can now be changed by pressing keys 0 through 7 in the
desired sequence. The previous contents of the location will be cleared and you will see the new contents
being shifted in from the right side of the lower row of LEDs as you press keys.

Pressing the CLR key will clear the location before or during data cntry.

Altering Memory Locations — Example 1

You have just powered up your DCT11-EM and want to alter some memory locations. Locations 2000
through 2006 are in the user RAM area and will be used in the following examples. Later on, you will
lcarn more about the availability of DCT11-EM memory and address space, but for now the discussion
will be [imited to these locations only.

LPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
T
ADR Al d l r cloj0jo0lo|0 Get Into address mode.
I
L
2 Ald!idlr o|o'0l0!0]2 Enter 2004
1 Atdld]|r ! olo l olofz]1 You race 3 mistake and
I | ertered 1 instead of O.
CLR Aldfd]r of(o|o|0O 010 Clear entry,
2 Aldid;ir 010,00, 0(2 Try agsin — enter 2004.
|
0 Ald|d|r olo|olo|2|0
0 AII [d . ofolo|z2]o]o
. I T
4 iA d|d l r gjo0|2|0]|0:14
EXA oflo|z|olo|4 eflo|o|o|afo 2004 is cusrently
J empty.
0|02 (0|04 100|003 Enter 32
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I Back to address mode to
ADR aldgials oleizlolola alier another location.

] Note — mast recent address
examined is displayed.

Ald|d|r 0o(0|j0,0|0| 2 Enter 2000.
T

E Aldidjr gjofoflojz;o

E Ald|d|r D|0y02|0|0O
E Aldld]|r glD0|2|B|0|0

EXA slolzloiolo clojolololo 2000 is cusrently
| emply.

1' ale|z|ojoi0 ojlo|o|o|o|1 Enter 1.

The ADV and BAC keys allow vou to alter memory locations sequentially. Pressing the ADV key allows
vou to alter memory locations in ascending order. Pressing the BAC key allows you to alter memory
locations in descending order.

Press the ADV or BAC keys until you arrive at the memory location you want to alter and press the
desired sequence of keys 0 through 7 to enter the data. If you want to clear the memory location, press

CLR.

Altering Memory Locations — Example 2
You have just completed example 1 and now want to sequentially alter memory locations.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
1
ADV oloizlolajz oialoiololo Location 2002 is now
aiterable.
4 Q|0/2/0/0(2 0:0|0j0/ 0|4 Enter 47.
I
7 olof2|ool2 00’0047
A DV ololziolo|a olofele|3l2 Location 2004 is now
alierable.




<
[=]
N
=]
<
H
(=]
=]
<
[=]
(]
Li)

Enter 5.

Location 2006 is now
altarable.

»
H
o
<
|
o
=]
[}
o
(=]
(=]
-]
(=]
o

¢loiz|o]ols g|0|(0Oj0]0]2 Enter 22

<
(=]
N
<
—
=}
(-]
<
<
(=]
-]
N
N

BAC olo|2ialo]|a olelojolols Location 2004 is now
l alterable.
T
cLR 0|0|2|0(0 4 o(oyojojoo Clear it.
J

3.7 ENTERING AND EXECUTING A SIMPLE PROGRAM

In this paragraph, we will tic together the material presented thus far by entering and running a simple
program, It is assumed you are familiar with an assembly language instruction set. A full description of the
instruction set used in the following example is found in Chapter 6 of the DCT11-4A4 User's Guide (EK-
DCT11-UG).

The following program takes a number in register R1, adds it to a number in register R2, and puts the
result in register R3.

Octal Code Instruction Comments

010103 MOV Ri,R3 Get first term.

060203 ADD R2,R3 Add second term.
000000 HALT Halt program execution.

We will place this program in user RAM, starting at address 2000.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
Most recently exam-
ADR Ald|d]|r ined address shown
on lower LEDs.
2 Ald|dfr 0|0 D]|0|0]|2 Examine 2000,
¢ Ald|d|r ojo|joiDj|2|0
[+] Ald|(d]|r g|0i0|210|0
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] Current contents of
EXA Q|G 2(0(0|0 locgtion 2000 are
| shown on lower LEDs)

[ Enter first instruction.
1 Oiﬂ 210100 0lO0|0 0|01 You don't need 1o enler

H ( leading zeroes.
Q 0|0 2}0 o|o o|lojoflol1]|0

L

1 I T ]

1 o|0200,o ololojt ot
| M
i

0 ¢|0|2(0|0]|0 0l0 110 1l0

‘ Current contents of
ADV 4 |D 2,002 ?r?xgezraigglnw“ an Examine mext address.
‘ !
E o/oj2joj0 | 2 0 I ojafC(0|6 Enter secand instruction.
|
| o
g 0(0j2|0 0]2 00 OIO]G 0
T
2 o|0f[2]|0(0]|2 0|0 IO 6|0 (2
[ ! ;
o oozlool'z olo(é|afz2]|0
3 0j0j2|0|0}|2 0i6|0|2]|03
o W o Current contents of
a|0;2 4 2004 zre shown an Exam t
ADV [ e L B Da amine next address.
| Enter third instruction.
CLR o|o|zloflola o(oflafeio|0 HALT 15 entered by
clearing the locsuion,




Now place some numbers in R[ and R2 that the program can work with. Also make sure R3 is cleared.

REG r|E[G Get into register mode,

Current contents of
1 r|1 R1 shown on lower
LEDs.

] Current contents of
r R1 remain on lower
EXA LEDs.

2] Pl oloe|ojo|o|2 Enter 2.

| Current contents of
ADV l ¢ |2 A2 shawn o lower
LEDs.
3 r |2 gc|ojo(0(0]|3 Enter 3.
Current contents of
a&DY r|3 R3 shown on lower
LEDs.
CLR r {3 . o(o|o 0! plo Clear R3.
i

Now go back and check what you have just cntered.

clo|4 Get :nto address mode.

2 A de r o|0j2|/0|0|2 Examine 2000.

[~
F— 3
o
[0
<




ADV

REG

2]

Examine 2002.

Examing 2004.

Get inta register mode.

Examine registars.

Everything O.K

Now run the program. Set the PC to the starting address of the program (2000) and press the GO key to
begin program execution. Since you are currently in register mode, press the ADV key until you get to the

PC.

ADV

GO

Current contents of
P|lC PC shown on lower
LEDs.
I PC l Q|00 0|02
JP c 0|00 OLZ 0
1 1
PIC 0ojalo 2!0 ¢
plc HZ OHO

J"

L

ofolfele]]

Enter 2000,

Execute the program.

The program is now halted. The current PC (2006) is displayed on the lower row of LEDs.
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Check R3 to find out if the program executed properly. Since you are in register mode, press the BAC key
until you get to R3:

BAC

[T

ol |

OiOOOOW‘I:'J

and the result is correct.

3.8 WORKING WITH A LONGER PROGRAM
Consider a program that calculates the sum of all the numbers from 0 to n. where you specify n. That s,
the program determines:

n

>

xX=0

You place the value of n in RO, and the program deposits the sum it caleulates in memory location 2044,

Use the keypad to enter the following summation program starting at location 2000.

Location

2000
2002
2004
2006
2010
2012
2014
2016
2020
2022
2024
2026
2030
2032
2034
2036
2040
2042
2044

Octal
Code

005001
02000
003413
005037
002044
010037
002044
005300
060037
002044
102404
020001

003372
000000
005000
005037
002044
000000
XXXXXX

Instruction

CLR R
CMP RO.RI
BLE 2034
CLR @#2044

MOV RO.& #2044

DEC RO
ADD RO,@#2044

BVS 2036
CMP RORI
BGT 2016
HALT

CI.R RO
CLR @#2044

HALT

3-16

Comments

Set R1 = 1.

RO contains n,

Megal input {n =< 0)?

Na, start operation by clearing 2044,

Place first value of nin 2044,

n=n—|
Add next value (n--1) Lo 2044,

Overflow?

No overflow.

Continue operation if n > 0.

Opcration complete it n = 0.
illegal input. Clear RO, 2044,
Overflow. Clear 2044,

lllegal input or overflow occurred.
Initial contents of 2044 irrelevant.



To test the operation of the program, deposit a value of 10 (octal) into RO. The program should sum 10 +
T+6+5+4+3+ 2+ 1 (octal) in memory location 2044 to produce 44 (octal). Note that this is
equivalent 10 having a value of 8 (decimal) in RO and letting the programsum 8 + 7+ 6 +5+4 + 3 + 2 +
1 (decimal) to produce 36 (decimai).

Set RO=10
SP = 7400
PC = 2000

Press the GO key.
The result should be:

el

The program halted at location 2032, Now examine location 2044.

The result should be:

38.1 Using the Single-Step Function

The single-step function is a powerful program analysis tool. It allows you to execute your program one
mstruction at a time. At the end of each instruction, you may examine various registers and memory
locations 10 determine how the program has affected them.

To perform the single-step function, press the SST key.

Result: the instruction currently pointed to by the PC is executed.

Let us now single step through the preceding summation program. First set up your initial conditions:

Set RO = 10
SP = 7400
PC = 2000



Then key in the following.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
I |
SST J PlIC OJO 2,010 2 2000 executed
SST [p ci ojo(2|o|o]|a 2002 executed.
B
S57 P’C 0\ o0(2|{0]0]|6 2004 executed.
l
' 1
S&T P CLJ clolzlof1]2 2006 executed.
T | J
ssT l Pl oloj2|loj1|6 2012 executed.
1 | T Most recentiy exam-
ADR Ald ‘ djr ined address shown Has RO been maved to 20447
on lower LEDs.
T I
2 A dld ¢ o DLD O[OE
o Ald(d]|r Q10 0(0/2|¢C
a TA d ﬂr olo onLo 4
I
4 Ald|d]|r Ci0121014|4
T
EXA ooz[ol44 o|lololol1]o Yes
SST P[C o(a 21:} 210 2016 executed.
T
r E—k; 1 L Oid RO get decrementeq?
4 i
;
o rlo ooo]o}olir Yes
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SST P(C D|0i2|0|274a 2020 executed.
ald|a|s o|lol2]elala Has RC been added to 20447
EXA o|o(2/ 0|44 alo|0joj1]|7? Yes.
SST P |C clo|20|2(|6 2024 executed.
‘ I
58T P|C 0|02 Oi ilao 2026 executed.
I
l
SS8T P|C p|jojz2jo0f(1]6 Frogram branched carrectly.
!
88T i PIC alal2|1e(2(¢C 2016 executed,
i
REG r|E|G Did RC get decremented?
g r|o 0|0|0(0|0|é& Yes.
T [ T
S8T Pplc! o'e ZJ olz2|a 2020 executed.
Ald|d|r 00 !2 0|44 Cid RO get added to 20447
D|0|2|0|a|a o(o|oj0|2|8 Yes.

You can continue executing the program one instruction at a time by repetitively pressing the SST key.

18.2 Using Breakpoints

The use of breakpoints is another means of analyzing and debugging your programs. Breakpoints cause
vour program to halt whenever they are encountered. When the program is halted, you can then examinc
wanious regisiers and memory locations to determine how the program has affected them. -

I¥ there were no debugging aids, you would have to insert breakpoint (BPT) instructions in your program

+~d write a breakpoint trap handling routine if you desired breakpoints. The DCT 1 1-EM, however, does

zatain debugging aids and provides a convenient means of inserting up to four breakpoints via the

w2+ nad. Do not attempt to set breakpoints by nserting BPT instructions in your program. If you do this,
- will get an error message when you try to exccute the program (see Appendix C).
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To insert breakpoints, press the BPT key.

The upper row of LEDs displays:

I

and the lower row of LEDs displays the current address of breakpoint 1. If breakpoint 1 is not currently
set, the lower row of L.LEDs displays:

by r| P

OOD[OOO

You can then press the appropriate sequence of keys 0 through 7 to enter the address of breakpoint 1.

You can set up to four breakpoints in this way. Use the ADV and BAC keys to examine breakpoints 1
through 4 and press the appropriate sequence of keys 0 through 7 to enter an address for each breakpoint.

If you press BAC while vou are examining breakpoint 1, you are examining something called the
watchpoint address. The use of the watchpoint is explained in Paragraph 3.8.3.

Breakpoints are recognized only if you use the GO key or the “Go With LEDs” special function
(Paragraph 3.12.2) to execute your program from the keypad. Breakpoints are disabled when you single
step through a program.

When you execute a program with breakpoints in it (by pressing the GO key, for example), your program
halts at the address of your first breakpoint without executing the instruction at that address. The
instruction at the breakpoint address is executed when you resume program execution (e.g., by pressing the
GO or SST keys).

Using Breakpoints - Example

We want to set two breakpoints in the summation program shown in Paragraph 3.8. Set the first
breakpoint at address 2020 to make sure RO has been decremented properly. Then set the second
breakpoint at address 2024 to check the results of the cumulative addition.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
1
BPT b K Plnlt [ 1 0 Ol o OTO a Assume no breakponts
I | 1 have been previoushy set.
L
T !
'2 bir|P|n|t|1 olojojo|o|z Enter 2020.
1
T T y
E bl r| P nLt ¥ 000 OJ 2,0
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ADV blr|P|n|lt|2 o|lo|o|olo]|o Set breakpaint 2.

T
B b|r PJIn t| 2 olo|(Q|0O|0]|2 Enter 2024.

2 b|r|P|n|t]2 clojo|2|0]|2
T
4 br[Pntz ojo|z(o(2]|a

Set your initial conditions as before (RO = 10, SP = 7400, PC = 2000) and execute the program.

GQo First breakpoint
Fle olalzjojzfo eitcountered.
REG ] r IE G l l vd RO get decremented?
T T
0 ro oo, 0lojo|7 Yes
| |
GO PIC 0joj2|0|2|4 Resume execulion

Examine address 2044 to sce if the first addition was performed correctly.

Mos1 recently exam-
ADR Aldjd|r ined address slown
on fower LEDs.
2 Aldjd|r o|ojofojo]2 Examine 2044,
0 Ald|dfr 0|0|0|0|2|0
1
4 Aldldlr o|lala|z]|o|a
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T
L
EXA olol2iclala oloalalols Addiion perormed
correctly
. ] e
GO PlC: 0 0|2[0|2 0 Resume execution.
| l
T
REG r|E[G . { f Oid RO get decremented?
i
i ] )
E r|0 OO!OIOiOG Yes
!
P |C f 002|024 Resume execulion.

3.8.3 Using the Waichpeint
In Paragraph 3.3 we identified the watchpoint (WP) and showed how it could be examined. In this section,
you will learn how to use the WP for program analysis and debugging.

The watchpoint is a convenient means of monitoring and altering a memory location. Once you set the
watchpoint address to the address of a memory location, you can examine and alter that location just as
you would a register. To set a watchpoint address, press the BPT key, then the BAC key.

The upper row of LEDs displays:

t]Adr

and the lower row of LEDs displays the current WP address.

If the WP is nol set, the lower row of LEDs displays:

You may now enter the new WP address by pressing the desired sequence of keys 0 through 7. You can
clear the WP by setting its address to zero.
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Using the Watchpoint — Example 1

In our summation program in Paragraph 3.8, we used location 2044 to deposit our accumulated result.
Since we would like to examine (and possibly alter) this location frequently, we set our watchpoint address
at 2044,

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
{ Current value of BP1
BPT blr|P[n]t!1 Q|0j21010]2 displaved on
fower LEDS,
T I 1
BAC Pth{Adr oo‘o{ooo

| Enter watchpoint address
i of 2044.

(]
-l
3
7
»
a
Z
L=
(=]
o
o
a
o

)
2
-
P
a
-
(=3
(=]
[=]
K
N
o

Now we can examine and alter the contents of location 2044 just as we would a register. If you run the
summation program in Paragraph 3.8 and want to inspect the result, do the following.

REG r |[E |G Geat into register mode.

l Current contents of
2 D|jo|2|0|4 4 2044 shown ¢n Examine WP,
| lower LEDs.

| Current contents of
EXA olol210ia] 4 2004 shown on
lower LEDs.
CLR 80: 012|074 4 olo|(OotD}D]|O Clear it.

You have just cleared the contents of location 2044,

The watchpoint can be used tn conjunction with the single-step function to continuously monitor the
contents of a memory location. When this is done, the contents of the watchpoint appear on the upper row
of LEDs, and the current PC appears on the lower row of LEDs.



Using the Watchpoint — Example 2

You are still working with the summation program in Paragraph 3.8. You have established a watchpoint at
location 2044, as shown in the previous example, and want to continuously monitor the contents of this
location as you single step through the program.

Set your initial conditions as before (R0 = 10, SP = 7400, PC = 2000) and key in the following.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
1 ! 2000 executed;
§8T 0|o{00Q OJ i ¢] olo|2 |0 o)2 2044 contents shown on
upper LEDs.
88T ¢|0]0l0|0O|0O 0i02|0|0 |4 2002 exacuted.

S8T olOo|0O 2004 exscuted

<o
(=]
=
a
o
%)
a
o
]
>

SS8T o} OTO-FO[D ] 0[0 2|02 20086 executed.
L1y
§8T O_TO 0|011 o olof2zlo[1's 2012 executed.
2044 has changed.
T
587 ofo OIOI‘H»D ojpjz2iojz,o 2016 execuied.
L
T .
SST 0|00 0317 Q|lof(z|of2]|a 2020 executed.
L 2044 has changed.

And so on. When vou finish executing the program (e.g., after you have executed instruction 2032 in the
example above), the upper row of LEDs displays:

and the lower row of LEDs displays the current PC.

3.9 USING THE HALT SWITCH
Pressing the HALT switch causes you to unconditionally hall the operation of your program and return
control to the DCT11-EM keypad. When you press the HALT switch, the upper row of LEDs displays:

| ||

and the lower row of LEDs displays the current PC.
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You can use the HALT switch, for example, to escape from an infinite loop your program is executing or
1o inhibit hardware problems which are interrupting the proper operation of the DCT11-EM.

After pressing HALT, you are in register mode and can readily examine the contents of the DCT11-EM
registers as described in Paragraph 3.3. :

3.10 THE INT SWITCH

Pressing the INT switch causes you to generate a power-fail (PF) nonmaskable interrupt. Pressing this
switch will have no effect on the operation of the DCT11-EM unless vou specifically write a program that
recognizes input from it. The program in the following example shows you how to use this switch to
experiment with interrupts. Also refer to Chapter 6 for more information on interrupts.

Using the INT Switch — Fxample

This program simply loops on itself at location 1510 until you press the INT switch. Then the current PC
and PS are pushed onto the hardware stack and the DCT11-EM goes to locations 24 and 26 for its new PC
and PS, respectively. Location 24 is called the power-fail vector and usually points to 2 power-fail service
routine. The first line of your program, however, changes location 24 to point to your own “power-fail
service routine.” This routine, which vou specify to start at location 1514, is not a power-fail service
routine at all, but a routine that sets RO to the number of times {in octal) that the interrupt switch has been
pressed.

Enter the following.

Octal
Location Code Instruction Comments
1500 012737 MOV #1514, @#24
1502 001514 Set power-fail vector to *‘service
routine.”
1504 000024
1506 005000 CLR RO Initialize RO.
1510 000777 BR 1510 Await tnterrupt.
1512 000000 HALT
1514 005200 INC RO Start of *‘service routine.”
1516 000002 RTI Restore old PC and PS.

Start the program at 1500 and press the [INT switch a number of times. The upper and lower row of LEDs
will be blank while you are pressing the INT switch. Each time you press INT, vou execute the “'service
routine” which increments RO, When the routine is done, it returns to 1510 to await another INT switch
press. Press the HALT switch to suspend operation and examine RO.

3.11 THE USER LED

The user LED is a general-purpose indicator lJamp that your program can use to indicate the status of some
condition. You can turn on the user LED by writing 000011 to port C of the 8255A parallel port chip (see
Paragraph 6.5.1). Port C of the 8255A chip has an address of 177444. Writing 000010 to port C of the
8255A chip turns off the user LED once it has been turned on by your program.
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User LED - Example
The following is a short program that turns the user LED on and off. Use the keypad to enter this program
starting at location 1000.

Octal
Location Code Instruction Comments
1000 012737 MOV #1) @#177444 Write 11 to port C,
1602 000011
1004 177444
1006 012700 MOV #100000,R0 Put a large number in RO.
1010 100000
1012 077001} SOB RO,i012 Loop for a while.
1014 012737 MOV #10,@#177444 Write 10 to port C.
1016 000010
1020 177444
1022 012700 MOV #100000,R0 Put a large number in RO.
1024 100000
1026 077001 SOB R0,1026 I.oop for a while.
1030 000137 JMP @#1000 Loop infinitely.
1032 001000

3.12 PERFORMING KEYPAD SPECIAL FUNCTIONS
There are five types of special functions you can perform through the use of the DCT) 1-EM keypad.

Function Number Function Name

0 Cance] breakpoints
| Go with LEDs

2 Start consale

3 Set baud rates

4 Release protection

To perform one of these special functions, you must first place the DCT11-EM in function modc. To do
this, press the FNC key. The LEDs display:

T
1

and you can now select a function by pressing any of the keys 0 through 4 or CLR, which is equivalent to
0. When you have done this, the number of the selected function appears on the bottom row of 1.LEDs, The
selected special function is then activated by pressing the EXA key.

The following paragraphs describe the operation of these special functions.
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3.12.1 Function 0 - Cancel Breakpoints
Function O clears all four breakpoint addresses and the watchpoint address. When function 0 is activated,
the upper row of LEDs displays:

PI!C ]

1nd the lower row of LEDs displays the current value of the PC. The DCT11-EM is left in register mode.

Function 0 — Example
You are debugging a program you just entered and want to clear all the breakpoints and watchpoints
associated with an old program.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
T
ENC Flu|nie I Get into function mode
o l Fluln]|c J Q Select funcuien Q.
1
i Current PC shown on
PlC: lower LEDs.
BPT‘ blrlpPlnlt] olojolalolo Verify breakpoint 1
cleared,
bl
BAC Pinit ; Aldir oloio.olole Venfy watchpaoint address
: | ‘ cleared.
1
ADV| or |BPT blelPin tl1 o|oc o o|o|0O Breakpoint 1 again
— [
[aov vlrle|lnlt]2 s|loioio|olo veniy brogkpoint 2
| | | cieared.

X122 Function | - Go With LEDs

W thin the DCT11-EM are a number of routines your program can call to display values on the LEDs (see
Paragraph 5.3.1). For these routines to operate correctly, you must explicitly turn on the LEDs before you
<l a routine. One way to turn on the LEDs is to include a MOV #7,@#177444 instruction in your
grogram (see Paragraph 5.3.1.1). Another way is to execute your program by activating function ] rather
<n by pressing the GO key. Activating function 1 turns on thc LEDs and starts your program.
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3.12.3 Function 2 — Start Console

If you connect a console terminal to your DCT11-EM, you will use function 2 frequently. Activating
function 2 starts a program called the console monitor. The console monitor resides in the on-board
PROMs and allows you to enter, execute, and debug programs through the use of a console terminal rather
than the keypad. The console manitor also aitows you to perform other operations and is described in more
detail in Chapter 4.

Before activating function 2, connect a console terminal to the DCT11-EM and select an appropriate baud
rate by activating function 3 (see Paragraph 3.12.4).

When function 2 is activated, the upper and lower LEDs are blank and the message:

TEM CONSOLE MONITOR V1.0
TEM=>

appears on the console terminal.
3.12.4 Function 3 — Set Baud Rates
The DCT11-EM has two serial ports: a console terminal port and an auxiliary serial port. Activating

function 3 allows you to select baud rates for these ports. When the DCT11-EM is powered up, it
automatically sets both baud rates to 9600.

When you first activate function 3, the upper row of LEDs displays:

and the lower row of LEDs displays:

0[9 ] D}_D

This tells us that the console terminal port is currently set at 9600 baud. Note that the baud rate is
displayed as a decimal number.

Pressing the ADV and BAC keys steps you backward and forward among the various baud rate values
available for the console terminal port. The available baud rates for the console terminal port are: 300,
600, 1200, 2400, 4800, 9600, and 19200.

You can now set the baud rate of the auxiliary serial port by pressing the EXA key. The first time you do
this, the upper row of LEDs displays:

A Po'rlt

and the lower row of LEDs displays:

D00
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This tells us that the auxiliary serial port is currently set at 9600 baud. Repetitively pressing any of the
keys CLR, O through 9, ADV, or BAC causes you 1o alternate between two available baud rates. The 1wo
available baud rates for the auxiliary serial port are: the current baud rate of the console terminal port and
one-fourth the current baud rate of the console terminal port. Pressing EXA again puts you into register

mode.

Function 3 — Example
You want to use function 3 to experiment with setting baud rates for the console terminal serial port and
the auxiliary serial port. You have not altered these baud rates since powering up.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
T
ENC Flu|n|e Get into function mocde.
3 Flu|n|c 3 Select function 3.
: ; Baud f i
aud rate for consote
EXA Cio|n|S|of) D|9|6,0/0 terminal porl = 9600
ADV Clo|n|S|oll 119200
BAC Clo|[n|S|ofl ol9|610|0
BAC Clo|n{S|o]lI Dj4|8|0]|C
i
BAC Clo|n|S o]t 012|410 ] o]
BAC Cleln|[s|lo]|1 ¢i1 (2|00
EXA A elolels ol1]2]|o0lo Band rate fqr auxiliary
gart = tarminal port.
Q Al . lPlo]lrlt a(0|3{0|0 300 = one fourth of 1200.
] al IPlelrlt o1 ]210190 Back to 1200.
1
ADV Al.|Plo]|r|1t ‘ 00 |3|0(0 Back to 300
i
! Now in reqister mode.
Current PC shown on Cansole port = 1200
EXA PlC lower LEDs. Auxitiary port = 300.
i
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3.12.5 Function 4 - Release Protection

There is an area of RAM that the DCT11-EM normally prevents you from directly altering from the
keypad. This area is called the keypad monitor scratchpad and occupies the memory space from addresses
7400 to 7777. Refer to Paragraphs 5.2 and 5.4.1 for more information about the keypad monitor and this
protected area.

Additionally, if you have a console terminal connected to your DCT11-EM, there are two other areas of
RAM that are protected. These arcas are the console monitor scratchpad and the symbol table. They
occupy the memory space from addresses 6500 to 7377, Again, more information is provided in Chapter
5. Activating function 4 releases the protection associated with these memory spaces. Note that “protec-
tion” refers to protection from direct alteration via the keypad or console terminal. Programs that you
write can and wiil aiter these locations. Therefore, when you write your programs make sure these spaces
are not inadvertantly violated,

Protection is restored when you press the HALT switch, when a HALT instruction is encountered, or
whenever you restart the DCT1[-EM.

When you activate function 4, the upper row of LEDs displays:

and the lower row of LEDs displays the current value of the PC.

Function 4 — Example
You want to alter location 7400, a normally protected location.

UPPER LOWER
KEY DISPLAY DISPLAY COMMENTS
FNC Flu|n]|e ]] Get o funciipn maode.
’ |
4 Elulnle la Select function 4,
i |
EXA l PlC i Current PC shown on Pratection off
J J lower LL.EDs :
.
Alter the location.
Most recently exam-
ADR Ald|dir ined address showrt
on lower | EDs.
]
7 Adjd'l: oloj0y0{0 |7 Alter 7400
4 Ald|d]|r olojo|af714
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I

|
B 0O|0|7|4|0|0

Restore protection by pressing the HALT switch.

J O

Current PC shown on
lower LEDs

“ow try to alter location 7400.

T

ADR | ol
Aldid]|r.

| M

EXA 0‘01— E [
}7 4J0.0

0 oioio'ot

e IRNEE

Current PC shown on
lower |LEDs.

Sex Appendix C for more information on error messages.
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Enter 2.

Protection restored.

When you try to ciear 7400
you get a flashing error
myssage.

Now In register mode.




3.13 KEYPAD COMMAND SUMMARY

OPERATIDN PRESS ENTER PRESS ENTER REFERENCE
ALTER MEMORY ADR LOCATION ADDRESS EXA NEW CONTENTS 3.6
ALTER REGISTER REG REGISTER NUMBER EXA NEW CONTENTS 3.4
CANCEL BREAKPOINTS [FNC ] EXA 3121
EXAMINE MEMORY ADR LOCATION ADDRESS EXA 3.5
EXAMINE REGISTER REG REGISTER NUMBER 3.3
EXECUTE PROGRAM GO 3.7
GO WITH LEDs FNE 1 EXA 3.12.2
RELEASE PROTECTION |FNC 4 EXA 3.125
SET BAUD RATES FNC 3 EXA 3.124
SET BREAKPOINT BPT BREAKPOINT ADDRESS 382
SET WATCHPQINT BPT BAC \g@gggggtm 3.83
SINGLE STEP 58T 381
START CONSQLE FNC 2 EXA 3.12.3
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CHAPTER 4
CONSOLE OPERATION

4.1 INTRODUCTION
This chapter explains how to operate the DCT11-EM using a console terminal. Using a console terminal
simplifies program development because it gives you access to the DCT11-EM’s symbolic assem-
bler/disassembler. In addition, a console terminal allows you to perform several functions not accessible
with the keypad, such as the ability to load programs from a host computer.
When you complete this chapter, you will be able to use a console terminal to:

e  Examine and alter the contents of registers in the DCT11-AA register file

¢  Examine and alter the contents of memory locations

*  Enter and execute programs

e Debug your programs through the use of single steps, breakpoints, and watchpoints

®  Load programs from a host computer

®  Perform a variety of other console functions.

You can connect an RS232-C compatible console terminal to your DCT11-EM as shown in Figure 4-1.

STANDARD 25-PIN CONNECTOR AND CABLE

CONSOLE TERMINAL
e

oo
onoono
ooono
ooao
aoag
oooo

p

MF 10255

DCT11-EM
Figure 4-1 Connecting a Console Terminal to the DCT11-EM
No other wiring or jumpering is required. Use the DCT11-EM keypad to set the correct baud rate by

activating function 3 (see Paragraph 3.12.4). Also, make sure your console terminal is set up to transmit
and receive characters in the following format: asynchronous, ASCII, 8 bits (eighth bit is always space), no

parity, one stop bit.
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Then activate function 2 as described in Paragraph 3.12.3. The terminal displays:

TEM CONSOLE MONITOR V1.0
TEM>

and the console monitor is ready to accept your input.
The following default conditions arc set when the console monitor is started:

1. The stack pointer is set to 6500
2. The PASS2, NOHOST, INSTRU, SYMBOL, and VTOFF operating modes are set.

More information about the stack pointer is given in Paragraph 5.2.1. The operating modes are described
in detail elsewhere in this chapter and are summarized in Paragraph 4.18.

4.2 TRANSFERRING CONTROIL BETWEEN THE CONSOLE TERMINAL AND THE KEYPAD
Either the console or the keypad can control the DCTI1i-EM, but not both at the same time.

From the keypad, your primary means of transferring control to the console is by activating function 2
(see Paragraph 3.12.3). You can regain keypad control by pressing the HALT switch. When you press the
HALT switch, DCT11-EM operation is stopped and the LEDs display the current PC.

From the console, you can transfer control back to the keypad by typing in the EXIT command or by
executing a HALT instruction.

4.3 GENERAL RULES FOR CONSOLE INPUT
Information you input via the console terminal is typically in the form of commands, instructions, or data.

In general, your input should conform with the following guidelines.
1. Your input line must not exceed 96 characters in length. If you exceed this limit, the console
terminal does not accept further input until you type in a CTRL/C or CTRL/Y. Then, you

must reinput the line.

2. Any number of commands and instructions can be strung together on a line as long as the line
docs not exceed 96 characters.

3. Commands or instructions strung together on a line should be separated with a space or a
comma. Exira scparation characters (space, tab, line feed, form feed) between commands or
instructions on a line are ignored.

4. If a command or an instruction in a one-line string causes an error, the commands or instruc-
tions following it are ignored.

5. Extra separation characters (space, tab, line feed, form feed) inserted between parts of a
command or instruction are ignored.

6.  Information preceded by a semicolon on a line is interpreted as a comment and is ignored by the
DCTI-EM.
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7. Pressing the DELETE key deletes characters on a line. As characters are deleted, they are
echoed (preceded by a slash character) on the console terminal if you are in VTOFF mode. The
console monitor defaults to VTOFF mode when it is started or restarted. Type in the VTON
command if you are using a video terminal as a console device. VTON mode eliminates the
echoing of deleted characters. Typing in VTOFF returns you to VTOFF mode from VTON
mode.

8. A line is terminated by pressing the RETURN key. Characters on a line are ignored until you
press RETURN. In all the examples in this chapter, a RETURN is used to end your input line
unless otherwise noted.

A summary of the various forms of acceptable console input is given in Paragraph 4.18. Information about
specific commands and instruction formats is given elsewhere in this chapter.

44 CONSOLE CONTROL COMMANDS

The DCT11-EM recognizes several control commands that allow you to easily perform a variety of
operations from the console terminal. These commands and their typical uses are listed in Table 4-1.

Table 4-1 Control Command Summary

Command Meaning Typical Use

CTRL/U Delete line. You made several typing errors in your input line. You want 1o cancel
CTRL/X the line and try again,

CTRL/R Display linc. You used the DELETE key several times while typing your input line.

You want to see a clean version of the line you are editing.

CTRIL./S Suspend cxecution. You want to suspend the operation of the console monitor or the
cxecution of a currently running program.

CTRL/Q Resume exccution. You have previously used the CTRL/S command and want to resume
operation.

CTRL/C Abort operation. You want to abort the current operation of the DCT11-EM and input

CTRL/Y A new line.

CTRL/O lgnore host message. You arc in HOST mode (see Paragraph 4.07.1) and want 10 ignore
information currently being sent by your host computer.

CTRL/A Sclect option. You arc in TALK or LOAD modes {(see Paragraphs 4.17.3 and 4.17.4)
and want to select one of these four options: exit, resume, send break,
send CTRIL/A.

4.5 EXPRESSIONS
Several commands and instructions accept expressions as parameters. This paragraph familiarizes you with
expressions and provides the rules for their definition.

if you wish to ignore the use of expressions for the moment, you can advance to the paragraph that
describes the command or function you are interested in. You can return to this paragraph when you need
more detail on how to define an expression for a particular command or instruction.



An expression is simply a user-definable combination of one or more components called terms that
represents a 16-bit number. There are three types of terms allowable in a DCT11-EM expression:

*  Numeric
¢ Literal
¢  Symbolic

Numeric terms are either octal or decimal numbers. Octal numbers can be any sequence of the digits 0
through 7. Decimal numbers can be any sequence of the digits 0 through 9 followed by a decimal point (.).
Do not attempt to define decimal fractions.

Examples of Numeric Terms

100702
377
39874

A literal term is an ASCII character you use as data. Precede an ASCH character with an apostrophe (7} to
form a literal term.

Examples of Literal Terms

'E

it

’4

Symbolic terms are values symbolized by names which are defined according to the rules in Paragraph
4.13.

Examples of Symbolic Terms

R]
PSPORC
SUM

Terms are joined together in an expression by binary operators. (The word binary in this case means that
at least two terms are involved.) The DCT11-EM allows six types of binary operators:

+ (addition)

- (subtraction)

* (multiplication)
/ (division)

& (logical AND)
! (logical OR)

The unary (one term) operators, + (plus sign) and — (minus sign), can only be used at the beginning of an
expression (or parenthesized term). Multiple unary operators are not valid.

Expressions are evaluated from left to right with no operator hierarchy rules. Two types of brackets can be
used to nest expressions up to seven levels deep. Use angle brackets (< >) as you would arithmetic
parentheses and use square brackets ([]) if you want the DCT11-EM to substitute the enclosed information
with the contents of the memory word it addresses. Note that if the information in square brackets
represents an odd address, it is first rounded down.
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A quick way to evaluate the octal value of an expression is to type in the expression foliowed by a question
mark. This command has the form:

expression?
Expressions — Examples

The following are examples of valid DCTL1-EM expressions. You can verify the octal values of these
expressions by using the question mark command.

Expression Octal Value
65209 177271
7077+189.+'E 007501
—2*<300/25=+70 000046
120 %<—8 > 176100
177777&25+43 000030

4.6 EXAMINING REGISTERS
There are two ways to examine registers. One way is to type in the appropriate register symbol followed by
a question mark. This command has the general format:

register symbol?
where the register symbol (RO, R1, etc.} is as defined in Paragraph 4.13.1.

Another way to examine registers is to type in the SHOWRE command. The SHOWRE command
displays the values of all the registers and the PS in ascending order. If a watchpoint has been set, it is also
displayed. Paragraph 4.14.1, which describes program debugging, gives you an illustration of the
SHOWRE command.

4.7 ALTERING REGISTERS
Registers are altered by using an equal sign to set the register to the desired value. The general format for
this is:

register symbol=expression

where the register symbol (RO, R1, etc.) is as defined in Paragraph 4.13.1 and the register is set to the
value of the expression. (See Paragraph 4.5 for expression formats and conventions.)

Altering Registers — Example
Alter and examine the values of RO and the SP.

TEM=> R0=65.
TEM> SP=6500
TEM> R0Q? SP?
000101

006500

TEM=>

4.8 EXAMINING AND ALTERING MEMORY LOCATIONS - INTRODUCTORY CONCEPTS

There are several ways to examine and alter memory locations. Before discussing the specific techniques,
there are some introductory concepts you should be familiar with.
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4.8.1 The Address Pointer

The address pointer specifies your current open location, i.e., the address of the location currently
available to you for alteration. It is important to keep track of the address pointer because it determines
where in memory you deposit information. As you will discover later, most commands which alter and
examine memory locations are closely linked to the value of the address pointer. This paragraph gives an
overview of how the address pointer can be affected.

Since the DCT11-EM recognizes a period (.) as the symbol for the address pointer, you can manipulate the
value of the address pointer just as you would any other symbol (se¢ Paragraph 4.13.2). For example, to
set the value of the address pointer use an equal sign:

.=CXpression

where the value of the address pointer is determined by the expression (see Paragraph 4.5). To determine
the current value of the address pointer, use a question mark:

N

Another way to set the address pointer is to use the backslash (\) character, The general format for a
backslash command is:

expression\,

where the value of the address pointer is determined by the expression. This command also displays the
memory location specified by the expression (see Paragraph 4.9).

There are two other commands which affect the address pointer. These commands are the caret ()
command and the RETURN (or null line input) command. The effects of these commands depend upon
which output format mode the DCT11-EM is in (see Paragraph 4.8.2}. A description of their effects is
given in Paragraphs 4.9 and 4.10.

When you type in a program, the DCTI11-EM automatically increments the address pointer for each
instruction or data object you input. Note that whenever you power up, the address pointer is initialized to
zero.

Do not confuse the address pointer with the PC (program counter). They are unrelated. As you type in a
program, the address pointer is incremented, but the PC is unaffected. And the execution of a program
will affect the PC but not necessarily the address pointer.

4.8.2 Output Formatting Modes

When you examine memory locations, the values the DCT11-EM displays on the console depend upon
your current output formatting mode. There are five output formatting modes: INSTRU, WORD, BYTE,
SYMBOL, and ABSOLU.

The INSTRU (or instruction disassembly) mode causes memory locations to be displayed as disassembled

DCTI11-AA instructions. INSTRU is one of the modes that the DCT11-EM is initalized to when you
power up.
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The WORD and BYTE modes cause memory locations to be displayed octally. Set the WORD mode (by
typing in the WORD command) if you want the values of memory locations to be displayed as 16-bit
words. Set the BYTE mode (by typing in the BYTE command) if you want the values of memory
locations to be displayed as individual bytes. If you are in WORD or BYTE mode, type in the INSTRU
command to return to instruction disassembly mode. Notice that the INSTRU, WORD, and BYTE
commands are mutually exclusive. To summarize:

Mode Memory Locations Are Displayed As
INSTRU Disassembled DCT11-AA instructions
BYTE 8-hit octal bytes

WORD 16-bit octal words

Odd addresses (i.e., upper bytes) can only be examined in BYTE mode. If you try to examine an odd
address in INSTRU or WORD mode, an error message results,

The SYMBOL and ABSOLU modes determine how the symbols you have defined in your program are to
be displayed. You will usually use SYMBOL and ABSOLU in conjunction with instruction disassembly
(INSTRU) mode.

If your program contains user-defined symbols (see Paragraph 4.13), these symbols will be displayed only
if you are in SYMBOL mode. SYMBOL is one of the modes the DCT11-EM is initialized to when you

power up.

If you want user-defined symbols to be displayed as octal values, type in the ABSOLU command to set the
ABSOLU mode. Typing in SYMBOL restores the SYMBOL mode. Note that SYMBOL and ABSOLU
ar¢ mutually exclusive. To summarize:

Mode User-Defined Symbols Are Displayed As
SYMBOL Symbols
ABSOLU Octal values

4.9 EXAMINING MEMORY LOCATIONS

This paragraph summarizes the commands with which you can examine memory locations. The examples
in this paragraph are intended to give you a general idea of what to expect when you use these commands
in different output formatting modes.

One way to examine a memory location is to type in the desired memory location followed by a backstash.
The general format for this command is;

expressiony
where the memory location you examine is determined by the value of the expression (sce Paragraph 4.5).

The backslash command also sets the address peinter, so a location examined with a backslash becomes
the current open location.



Examining Memory Locations - Example 1
Use the backslash command to examine a memory location. Try this in different output formatting modes.
You have not altered any memary locations from their initial {power-up) values.

TEM> WORD
TEM> 2000\
002000: 000000
TEM> 1007\
000100: 135676
TEM> BYTE
TEM> 100\
000100: 276
TEM> INSTRU
TEM> 140000\
140000: JMP 155334
140004:

TEM>

Examining Memory Locations - Example 2
You use the backslash command 1o try to examine location 1001 without first typing in the BYTE
command. This causes an error message to be generated.

TEM> INSTRU
TEM> 1001\
001001]:

A\

ODD ADDRESS
TEM=>

Another way to examine memory Jocations is to simply press the RETURN key. When you press the
RETURN key as a command input, the result depends on both your output formatting mode and the
value of the address pointer. If you are in INSTRU mode, RETURN displays the next eight instructions
relative to the address pointer. In WORD mode, the contents of the next eight words relative to the
address pointer are displayed. In BYTE mode, the contents of the next eight bytes relative to the address
pointer are displayed. Note that the RETURN command is ignored when you are loading a program from
a host computer (see Paragraph 4.17).



Examining Memory Locations — Example 3
You want to examine memory locations by pressing the RETURN key. You have not altered these
bcations since you have powered up. Start with location 1000.

TEM=> INSTRU

TEM=> 1000Y

001000: HALT

001002:

TEM=>

001000: HALT

001002: HALT

001004: HALT

001006: HALT

001010: HALT

001012: HALT

001014: HALT

001016: HALT

001020:

TEM=> WORD

TEM=>

001000: 000000 000000 000000 000000 000000 000000 000000 Q00000
TEM>

001020: 000000 00000C¢ 000000 000000 000000 000000 000000 000000
TEM=> BYTE

TEM=>

001020: 000 000 000 000 000 000 000 000
TEM>

001030: 000 000 000 000 000 000 000 000
TEM=>

A one-line string of bytes or words is numbered from left to right.

“ote that consecutive RETURN keypresses increment the address pointer but nonconsecutive ones do
not. For example, in WORD mode you incremented the address pointer from 1000 to 1020 by pressing
RETURN twice in a row. In BYTE mode you incremented the address pointer from 1020 to 1030 by
pressing RETURN twice in a row. Pressing RETURN only once (as you did in INSTRU meode) had no
effect on the address pointer.

A way to examine a range of memory locations is to use the underscore () character. The general format
for this command is:

expression | _expression2

where the beginning of the range is determined by the value of expression] and the end of the range is
determined by the value of expression2. See Paragraph 4.5 for expression formats.

Expression] should be less than expression2. If it is not, only one location is displayed: the beginning of
range location. ’

The use of the underscore command has no effect on the address pointer.



Examining Memory Locations — Example 4

You want to examine groups of memory locations by using the underscore command. Try this command
in INSTRU, WORD, and BYTE modes. These memory locations have not been altered since you have
powered up.

TEM> INSTRU

TEM= 2000%

002000: HALT

002002:

TEM= 1004_1012

001004: HALT

001006: HALT

001010: HALT

001012: HALT

001014:

TEM> WORD

TEM= 10021006

001002: 000000 000000 000000
TEM> BYTE

TEM> 1005_1020

001005: 000 000 000 000 000 000 000 000
001015: 000 000 000 000
TEM> INSTRU

TEM=>

002000: HALT

002002: HALT

002004: HALT

002006: HALT

002010: HALT

002012: HALT

002014: HALT

002016: HALT

002020:

TEM:=

Notice that the address pointer value of 2000 which was set at the beginning of the example is still 2000 at
the end of the example.

4.10 ALTERING MEMORY LOCATIONS

You can deposit data into a memory location by setting the address pointer to the address of the location
you wish to alter and typing in the information. The address pointer is automatically incremented as you
deposit instructions and data to consecutive memory locations (as when you type in a program, for
example).

If you make an error during data entry, you can use the caret () command to decrement the address
pointer and retype the input line. In INSTRU and WORD maodes, the address pointer is decremented by
one word for each caret command, and in BYTE mode it is decremented by one byte for each caret
command.



Altering Memory Locations — Example 1

You type in a short program starting at address 1000. You make an error while typing in the program and
use the caret () command to help you correct the error. You then examine the program. The program
adds R1 to R2 and places the result in R3. The final line restarts the console monitor so that you will get a
TEM> prompt after you execute the program.

Comments
TEM> INSTRU
TEM> .=1000
TEM=> MOV RI1,R3
TEM> ADD R2,R4 ;you really wanted to type ADD R2,R3
TEM> A ;decrement address pointer by one word
TEM=> ADD R2,R3 ;type in correct line
TEM> JMP @#140010 ;continue typing in program
TEM:== 10007\ ;NOW examine your program
001000: MOV R1,R3
001002:
TEM=>
001000: MOV RI1,R3
001002: ADD R2,R3
001004: JMP @#140010
001010: HALT
001012: HALT
00t014: HALT
001016: HALT
001020:
001022:
TEM>

Altering Memory Locations — Example 2
You type in some data starting at location 2000. You type several values on a line, remembering to include
separation characters (in this case, spaces) between them. You then examine the data you have typed in.

Comments
TEM> =2000
TEM=> 1234 :type in four data values
TEM=> .7 ;the address pointer is incremented
002010
TEM= .=2000 ;reinitialize the address pointer
TEM> WORD
TEM=> ._.+10 :examine the data
002000: 000001 000002 000003 000004 000000
TEM>

4.11 INSTRUCTION FORMAT
This paragraph provides some guidelines for formatting instructions for input to the DCT11-EM. A
complete description of the instruction set is found in the DCT11-4A4 User’'s Guide (EK-DCT14-UG).

An acceptable instruction consists of the instruction mnemonic followed by the appropriate string of
operands (if any). A separation character (space, tab, feed) must be used to separate a mnemonic from its
first operand (if any). A comma must appear between two operands in a two-operand instruction.

Expressions can be used as operands, if desired. Refer to Paragraph 4.5 for expression formats.
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If you wish, you may enter your instructions in octal format, rather than in assembly language format.
Refer to Chapter 6 of the DCT11-AA User's Guide for information on constructing octal equivalents of
instructions.

4.12 TYPING IN A PROGRAM
Set the address pointer to 2000 and type in the summation program from Paragraph 3.8 as shown below.

TEM> .=2000

TEM:> CLR R!

TEM> CMP RO,R1
TEM:> BLE 2034
TEM> CLR @#2044
TEM> MOV RO,@#2044
TEM> DEC R0

TEM> ADD RO,@#2044
TEM:> BVS 2036
TEM> CMP RO,R1
TEM> BGT 2016
TEM> HALT

TEM> CLR RO

TEM> CLR @#2044
TEM> HALT

TEM=>

Now verify you have typed in the program correctly by setting the address pointer to 2000 and repeatediy
pressing the RETURN key. If you are in INSTRU mode, the following will be displayed.

TEM> .=2000

TEM>

002000: CLR RI

002002: CMP RO,RI
002004: BLE 002034
002006: CLR @#002044
002012: MOV RO,@#002044
002016: DEC RO

002020: ADD R0O,@#002044
002024: BVS 002036
002026:

TEM>

002026: CMP RORI
002030: BGT 002016
002032: HALT

002034: CLR RO

002036: CLR @#£002044

002042: HALT
002044: HALT
002046: HALT
002050:
TEM>

The address pointer is automatically incremented each time you type in an instruction.
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You may want to use symbolic names to represent values such as 2044 (the location of the accumulated
sam) o increase the readability of the program. The next few paragraphs tell you how to define and
wanipulate symbols.

M vou wanl to execute the program and learn how to use the DCT11-EM’s console debugging facilities,
sdvance to Paragraph 4.14.

413 USING SYMBOLS

The DCT1!-EM allows you to define symbols in your programs. This paragraph describes the formats
required for DCT11-EM symbols and explains the use of the commands which allow you to define and
manipulate symbols.

4131 Symbol Names
The following characters may be used in symbol names.

A through Z
0 through ¢

. (Period)

$ (Dollar sign)

A symbol name must not begin with 0 through 9, however.

A symbol name may have any length; however, only the first six characters are stored by the DCT11-EM.
Thus, to avoid ambiguities, make the first six characters of your symbol names unique.

The following predefined symbol names are reserved.

RO Register 0
RI Register 1
R2 Register 2
R3 Register 3
R4 Register 4
RS Register 5
SP Stack pointer {register 6)
PC Program counter (register 7)
PS Processor status word
WP Watchpoint address
. Address pointer
Bl Breakpoint |
B2 Breakpoint 2
B3 Breakpoint 3
B4 Breakpoint 4

These predefined symbols must not be used as user-defined symbol names, although they can be used as
arguments in expressions, instructions, or commands.

DCTI11-EM directives, commands, and DCT11-AA instruction mnemonics (¢.g., MOV, ADD, JMP) are
also reserved and must not be used as symbol names.
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4.13.2 Commands That Define And Manipulate Symbols
There are two ways you can define a symbol. One way is to use the equal sign {=) to equate a symbol to a
specific value. The general format of this is:

symbol=expression

where the value of the symbol is determined by the expression.

The other way of defining a symbol is to use a colon (:). The colon defines a symbol as the label of the
current address, The general format of this is;

symbol:
where the value of the symbol is defined as the value of the address pointer.

Once you have defined a symbol, you cannat redefine it unless you first delete it. Symbol deletion is
accomplished with the DELETE command. This command has the general format:

DELETE symbol

where the name of the symbol you wish to delete follows the command. The DELETE command causes
the DCT11-EM to display the symbol and its value as it performs the deletion,

Predefined symbols (see Paragraph 4.13.1) cannot be deleted with the DELETE command. Predefined
symbols can be redefined, however, by using the equal sign.

When you define a symbol, it is stored in an area called the user symbol table. There is sufficient space in
the user symbol table to store up to 66 symbols. If you try to define more than 66 symbols, you will cause
an error message to be generated.

If you want to display your user symbol table, type in the SHOWSY command. The symbols are displayed
in the order in which you defined them, starting with the most recently defined symbol.

If you want to delete your entire symbol table, type in the CLEAR command. The CLEAR command is
typically used at the beginning of a long program or a program you are loading in from a host computer
{scc¢ Paragraph 4.17). CLEAR gives the program plenty of room in the symbol table for symbols and
avoids conflicts between symbol names in the program and any symbol names you may have previously
defined.

If you want to display the value of an individual symbol, type in the symbol followed by a question mark
(7). The general format for this is:

symbol?
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Defining and Manipulating Symbols — Example 1

You set the address pointer to 1000 and define the symbols FIRST, SECOND, and THIRD. You

experiment with displaying and deleting these symbols.

TEM> CLEAR

TEM=> .=1000

TEM> FIRST;

TEM> SECOND=FIRST+100
TEM> THIRD=SECOND+300
TEM> SHOWSY

THIRD = 0601400

SECOND= 001100

FIRST = 001000

TEM=> DELETE FIRST
FIRST = 001000

TEM> SHOWSY

THIRD = 001400

SECOND= 001100

TEM> CLEAR

TEM> SHOWSY

TEM>

SECOND is set equal to 1100 because FIRST equals 1000 at the time of definition. [f you delete FIRST

after you delete SECOND SECOND will be unaffected.
4.14 EXECUTING AND DEBUGGING PROGRAMS

Refer to the summation program you typed in (Paragraph 4.12). You will make some minor changes to

this program and use the DCT11-EM’s debugging facilities to observe its operation.
First, replace memory location numbers with symbolic names (see Paragraph 4.13).

TEM> ILLIN=2034
TEM=> SUM=2044
TEM> QVFLO=2036
TEM> LOOP=2016
TEM>

Instead of having the program HALT when it completes execution (which returns control to the keypad),
vou want it to restart the console monitor and give you a TEM> prompt. You do this by placing a JMP

a*[40010Q instruction at location 2032 which restarts the console monitor when executed.

TEM> =2032
TEM> IMP @#140010
TEM=>

“ow set your initial conditions as follows.

TEM> R{=100
TEM=> PC=2000
TEM=> SP=6500
TEM>

4-15



Then execute the program by typing in the GO command.

TEM=> GO
TEM>

To check the result, examine SUM.
TEM> SUM\
SUM 004040
TEM>

This is the correct sum in octal of the numbers from 0 ta 100 (octal).
4.14.1 Using The Watchpoint
The DCT11-EM recognizes WP as the symbol for the watchpoint. Set the watchpoint address by using the
equal sign command. The general format for this is:
WP=expression
where the watchpoint address is determined by the value of the expression.

For example, to monitor the accumulated sum in your program, set your watchpoint at the location SUM.

TEM>WP=SLM
TEM=>

Now reset your initial conditions (set R0O=100) and execute the program. After you receive the TEM>
prompt, use the SHOWRE command to examine your registers.

TEM> SHOWRE

RO = 000000
R1 = 000000
R2 = {00000
R3 = 000000
R4 = (00000
RS = (0000
SP = 006500
PC = 002000
PS = 000004
SUM : 004040
TEM=>

Notice your watchpoint appears as well. Another way to examine the watchpoint is to use the question
mark command. WP? displays numerically the watchpoint address. [WP]? displays numerically the
watchpoint contents,

TEM= WP?
002044
TEM> [WP)?
004040
TEM=>

The watchpoint can be cleared by setting it to zero or by typing in the CANCEL command, which not
only clears the watchpoint but the breakpoints as well.
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4.14.2 Using the Single-Step Function

Single stepping is accomplished by typing in the STEP command. STEP executes the instruction at the
current PC and displays: (1) the new values of your registers and watchpoint, and {2) the next instruction
10 be executed.

To experiment with the STEP command, reset the initial conditions for your program {(set R0=100) and
type in STEP. You can then continue single stepping by repeatedly pressing the RETURN key.

TEM> STEP
RO = 000100
Rl = 000000
R2 = 000000
R3 = 000000
R4 = 000000
R5 = 000000
SP = 006500
PC = 002002
PS = 000024
SUM 004040
002002 : CMP RO,RI
002004 :

TEM=>

RO = 000100
RI = 000000
R2 = 000000
R3 = 000000
R4 = 000000
R5 = 000000
SP = 006500
PC = 002004
PS = 000020

SUM  : 004040
002004 : BLE ILLIN

002006 :

TEM=>

RO = 000100
R1i = 000000
R2 = 000000
R3 = 000000
R4 = 000000
RS = 000000
sp = 006500
PC = 002006
PS = 000020
SUM : 004040
002006 : CLR @#SUM
002012 :

TEM>

RO = 000100
RI = 000000
R2 = 000000
R3 = 000000
R4 = 000000
RS = 0006000



SP = 006500

PC = 002012
PS = 000024
SUM : 000000
002012 : MOV RO,@#SUM
LOOP

TEM=

RO = 000100
RI = 000000
R2 = 000000
R3 = 000000
R4 = 000000
R5 = 000000
SP = 006500
PC = LOOP
PS = 000020
SUM : 000100
LOOP : DEC RO
002020 .

TEM=>

RO = 000077
R1 = 000000
R2 = 000000
R3 = 000000
R4 = 000000
RS = 000000
SP = (006500
PC = 002020
PS = 000020
SUM 000100
002020 : ADD RO,@#SUM
002024 ;

TEM:=>

RO = 000077
R1 = 000000
R2 = (00000
R3 = {00000
R4 = 000000
R5 = 000000
SP = 006500
PC = 002024
PS = 000020
SUM 000177
002024 : BVS OVFLO
002026 :

TEM=

The program is functioning properly; RO is getting decremented and added to SUM.
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4143 Using Breakpoints
The use of breakpoints with a console terminal is similar to the use of breakpoints with the keypad (see
Paragraph 3.8.2).

The DCT11-EM recognizes B1, B2, B3, and B4 as the symbols for the four breakpoints. Set a breakpoint
™ using the equal sign command, The general format for this is:

breakpoint symbol=expression
where the breakpoint is determined by the value of the expression.

For example, to set breakpoints at locations 2020 and 2024 in the summation program (as you did with the
keypad), type in:

TEM=> B1=2020
TEM=> B2=2024
TEM>

“ow reset your initial conditions (set R0=100, PC=2000) and execute the program.

TEM=> GO

BREAK POINT ENCOUNTERED
002020: ADD RO.@#SUM
002024

TEM=>

You get a message which indicates that your first breakpoint (B1) was encountered by the console monitor.
To determine the current state of your program, type in the SHOWRE command.

TEM> SHOWRE

RO = 000077
R1 = 000000
R2 = 000000
R3 = 000000
R4 = 000000
R5 = 000000
SP = 006500
PC = 002020
PS = 000000
SUM : 000100
TEM=>
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You see that RO has been correctly decremented. When you type in GO again:

TEM=> GO

BREAK POINT ENCOUNTERED
002024: BVS OVFLO

002026:

TEM>

the console message appears (this time because of B2), and you again examine the state of your program.

TEM> SHOWRE

RO = 000077
R1 = 000000
R2 = 000000
R3 = 000000
R4 = 000000
R5 = 000000
SP = 006500
PC =002024
PS = 000000
SUM : 000177
TEM>

You see that the first addition was performed correctly. You can continue to observe the operation of the
program by typing in the GO and SHOWRE sequence as just shown.

To examine a breakpoint, type in B1?, B2?, B3?, or B4?. Breakpoints can be clearcd by setting them to
zero or by typing in the CANCEL command, which not only clears the breakpoints but the watchpoint as
well.

4.15 DCT11-EM DIRECTIVES

As a convenience for users who are familiar with assemblers (and in particular the PDP-11 MACRO-11
assembler), the DCT11-EM recognizes several directives which are similar to those used in the MACRO-
11 language. These directives are listed in Tabie 4-2 with a brief explanation of their operation. For
detailed information about how to use these directives in your programs, refer to the PDP-11 MACRO-11
Language Reference Manual (AA-5075A-TC).
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Table 4-2 DCTU11-EM Directives

Directive Form Operation

ASCH1 /string/ Generates a block of data containing the ASCII cquivalent of the character string
(enclosed in delimiting characters), one character per byte. The delimiting characters can
be slashes or any other visible character. The ASCU code for each character is stored in
successive byles of memory starting at the location indicated by the current address
pointer. The address pointer is advanced by the length (in characters) of the enclosed

string.

BLKB expr Reserves a block of storage space whose length in bytes is determined by the specified
expression. The current address pointer is advanced by the value of the cxpression.

BLKW expr Reserves a block of storage space whose length in words is determined by the specificd
expression. The current address pointer is advanced by iwo times the value of the
expression,

BYTE exprl, expr2, « - + Generates successive bytes of data: each byle contains the value of the corresponding

specified expression. The lower eight bits of each expression are stored in successive bytes
of memory, starting at the location indicated by the current address pointer. The address
pointer is advanced by the number of expressions given. The last expression must not be
followed by a commua.

EVEN Ensures that the current address pointer contains an even address by adding 1 if it is odd.

WORD exprl. expr2, - - - Gencrates successive words of data; each word contains the value of the corresponding
specified expression. The value of each expression is stored in successive words of memory
starting at the location indicated by the current address pointer. The address pointer is
advanced by two times the number of expressions given. The last expression must not be
followed by a comma.

416 MISCELLANEOUS CONSOLE FUNCTIONS
The DCTI11-EM has a HELP facility which displays all the commands available to you. To invoke this

facility, type in HELP.

You can display the current operating modes of the DCT11-EM by typing in the SHOWMO command,
When you first power up, typing in the SHOWMO command displays the default operating modes:

PASS2 NOHOST INSTRU SYMBOL VTOFF

The operating modes that can be displayed are: PASS|, PASS2, HOST, NOHOST, INSTRU, WORD,
YTE, SYMBOL, ABSOLU, VTON, and VTOFF. See the command summary in Paragraph 4.18 for
el descriptions of these modes. The command summary also contains references to paragraphs that
aplain the modes in detail.

The DCTI11-EM has a REPEAT function which allows you 1o repeatedly input a line of commands or
mszructions. The form of this command is:

REPEAT expression,input line
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where the input line is executed the number of times specified by the value of the expression. One
application of the REPEAT command is to fill memory. For example, the REPEAT 1000,NOP com-
mand will fill 1000 (octal) locations with NOP instructions. The REPEAT command also lets you single
step without having to press the RETURN key repeatedly (see Paragraph 4.14.2). The REPEAT 7, STEP
command, for example, single steps through your program seven times.

Repeat Command - Example

A third application of the REPEAT command is to move blocks of memory. You must specify the
beginning and ending addresses of the range to be moved (the source range) and the beginning address of
the destination range. The general format for a command sequence which moves a block of memory is:

TEM> .=destination
TEM:> REPEAT <e¢nd-start>/2+1,[.+start-destination)

where start and end are the beginning and ending addresses (respectively) of the source range, and
destination is the beginning address of the destination range. Both ranges must begin at even addresses,
and only words of memory can be transferred.

For example, if you want to move the contents of locations 1000 through 1010 to 2030 through 2040, type
in the following.

TEM=> =2030
TEM:> REPEAT <1010-1000=>/2+1,[.+1000-2030]

4.17 LOADING THE DCT11-EM FROM A HOST COMPUTER

This paragraph describes how to load information (usually a program) from a host computer into your
DCTI11-EM. Two broad areas are covered. First, you are familiarized with the console monitor commands
that initiate and control the host loading process. Second, you are shown how to prepare a DCT11-EM
loadable program on your host.

4.17.1 Configuring the DCT11-EM for Host Loading
Since host loading is accomplished through the use of console monitor commands, you must have your
DCTI11-EM connected to a console terminal.

Your host computer must have a serial communication line capable of sending data to the DCT11-EM in

ASBCII text format. Connect the serial line from the host to the DCT11-EM auxiliary seral port connector
{J3) as shown in Figure 4-2,

STANDARD 25-PIN CONNECTOR AND CABLE

HOST COMPUTER

|

CONSOLE TERMINAL

oa
oooag
cgoo
oooo
3
=3

o El

oago
ooono

DCTI1-EM

M. 10254

Figure 4-2 Connecting a Host Computer to the DCT11-EM
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No other wiring or jumpering is required. Set the baud rate of your console terminal equal to the baud rate
of your host line. Use the DCT11-EM keypad to set the same baud rate for the console serial port by
activating function 3 as described in Paragraph 3.12.4. Also make sure you are set up to transmit and
receive characters in the following format: asynchronous, ASCII, 8 bits (eighth bit is always space), no
parity, one stop bit.

You need not set the baud rate of the auxiliary serial port. When you communicate with a host, the
DCTI11-EM automaticaily sets the baud rate of the auxiliary serial port equal to the baud rate of the
console serial port.

Activate function 2 as described in Paragraph 3.12.3 to start the console monitor. When the console
displays a prompt, type in:

TEM> HOST

The HOST command places you in HOST mode and is a prerequisite for performing any operation with a
host computer.,

HOST mode only allows you to receive messages from the host. If you want to communicate directly with
the host, use the TALK command in addition to HOST. If you want to load information from the host, use
the LOAD command in addition to HOST. The TALK and LOAD commands are expiained in
Paragraphs 4.17.3 and 4.17.4.

The NOHOST command cancels HOST mode.

4.17.2 The HOST Command
Typing in the HOST command has two effects:

1. It defines the auxiliary serial port as a host communication line.
2. [t creates an input buffer to hold information received from the host.

A HOST=> prompt precedes any messages you receive from your host while in HOST mode.

Host Mode - Example

You are in HOST mode and you receive a message from the host before you finish typing an input line. If
vou simply continue typing the line, the console monitor restores the interrupted line and appends your
new material to it. Messages from the host are ignored as console input.

Comments

TEM> HOST

TEM> MOV RO,R]

TEM= MOV R :You were typing MOV RO.R2

HOST=

This is a message from the host...

TEM:> MOV RO,R2 ;You type O,R2 and the previous line is restored.
TEM=>

4.17.3 The TALK Command :
Tyvping in the TALK command allows you to communicate dircctly with the host just as if the DCT11-
EM were not there. 11 has the same effect as connecting the serial line from the host directly to your
console terminal.
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Typically, you might use the TALK mode to preparc a DCTI1-EM loadable file with your host’s editing
facilities (sce Paragraph 4.17.5).

The user LED is illuminated in TALK mode.

There are two ways to cancel TALK mode. One way is to press the BREAK key on the console. The
DCTI11-EM responds:

CONSOLE BREAK
TEM=>

and you not only cancel TALK mode but HOST mode as well. The other way is to type in CTRL/A. The
DCTI11-EM responds:

E(EXIT) R (RESUME]}, R (SEND BREAK), M A {SEND MAY?
If you type in the letter E, TALK mode 1s canceled but HOST mode is not.

Note that typing in CTRE/A (A A) in TALK mode gives you three other options. You can scnd a break or
CTRL/A character to the host by typing in B or CTRL/A, respectively. Typing in an R or any characters
other than E, B, or CTRL/A, causes TAILLK meode to be resumed.

4.17.4 The LOAD Command
Use the LOAD command only after you have prepared a DCT11-EM loadable program on your host as
explained in Paragraph 4.17.5.

Typing in the LOAD command allows you to communicate directly with the host just as the TALK
command does. In LOAD mode, however, the DCT11-EM constantly monitors the characters received
from the host and begins loading if it sees the START directive.

To initiate host loading while in LOAD mode, therefore, simply enter a command (which depends on the
particular host you are using) that types out your program on the console terminal. For example, if you
were using a2 VAX/VMS host, you would use TYPE PROG.TXT to type out the file PROG. TXT on your
terminal. Since your DCT11-EM loadable program always has the START directive as its first line,
typing the program causes the DCT11-EM to start loading.

NOTE
During the loading process, the DCT11-EM accepts
input from beth serial ports simultaneously. As a
rule, do net press keys on the console terminal dur-
ing loading since this interferes with your host’s
input. The only exception to this rule is the use of
the CTRL/O command (see below).

Once loading begins, it continues until the .END directive is received or until an error in the incoming
program is detected. In both cases, when loading stops, you are returned to HOST mode. If loading stops
as a result of an error in your program, the portion of the program that follows the error will be displayed
on your console terminal as a “message” from the host.

If loading is terminated by an error in your program, you can suppress further display of the program by
typing in the CTRL/O command. CTRL/O causes the DCT11-EM to ignore messages from the host until
you press the RETURN key. If you want to terminate output from the host, enter CTRL /O followed by
the TALK command followed by the appropriate interrupt control sequence your host recognizes {such as
CTRL/Y or CTRL/C).
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Note that the user LED is illuminated in LOAD mode. Also note that pressing BREAK or typing in
CTRL/A has the same effect in LOAD mode as in TALK mode.

4.17.5 Preparing DCT11-EM Loadable Programs on a2 Host

In general, you will find it convenient to use your host's editing facilities to create programs. This is
particularly true if the programs are long or require extensive alteration. In order to prepare a program the
DCT11-EM will accept, keep the following in mind.

Make sure the START directive precedes your program. The DCT11-EM will not be able to load your
program unless it first sees the .START directive.

Next, realize that when your program is loaded into the DCT11-EM, the DCT11-EM will behave as if
each line of your program were being entered by you directly from the console terminal. This means that
the rules and conventions of console monitor input apply also to each line of the program you create on
your host. The one exception is that the null line command (i.e., pressing RETURN to examine successive
memory locations) is disabled during host loading.

If your program contains undefined symbols or expressions (for example, a “forward reference”), prepare
your program as two identical segments. Precede the first segment with the PASS]1 command and the
second segment with the PASS2 command. The idea behind the PASS] and PASS2 commands is as
follows.

Normally, the DCTI11-EM does not allow you to input undefined symbols. This mode of operation is
called the PASS2 mode (PASS2 is one of the power-up default modes of the DCTI1-EM). The use of
undefined symbols in your programs, however, is commonly desirable. For example, consider the following
program segment.

CMP #177700,R!
BNE .+14

INC R2

CMP R2,#200
BLO .+4

CLR R2

MOV R2,R3

In this example, you are branching to a defined location (i.e., the location that contains the MOV R2,R3
instruction), but are doing so in a cumbersome way. You need to perform a calculation for each branching
instruction. An easier way to write this program segment would be:

CMP #177700,R 1

BNE THERE

INC R2

CMP R2,#200

BLO THERE

CLR R2
THERE: MOV R2,R3

But if the DCT11-EM is in a mode in which it rejects undefined symbols, an error results when you try to
tnput BNE THERE.

The DCTI11-EM solves this problem by having a mode of operation in which undefined symbols are
tolerated called the PASS] mode.
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In the PASS1 mode, the DCT11-EM substitutes the value zero for each undefined symbol encountered in
expressions except when the undefined symbol is the operand of a branch instruction. In that case, the
value of the current address pointer is substituted for the value of the branch operand. If an undefined
symboi is later defined through the use of an equal sign (=} or colon (:), the symbol is entered into the
symbol table with its proper value.

NOTE
Undefined expressions involving the address pointer
are never tolerated, not even in PASS]1. For example
if A, B, and C are undefined, the following are
unacceptable;

=A
.BLKB B
BLKW C

Make sure the .END directive terminates your program.

A DCT11-EM Loadable Program — Example 1
Use your host’s editing facilities to create the summation program presented in Paragraph 3.8. Comments
from the original program are shown in lowercase, and comments added for the benefit of the example are

shown in uppercase.

START ;THIS LINE MUST APPEAR FIRST.
. = 2000 :ENTER THE PROGRAM STARTING AT LOCATION 2000.
CLR R! Set R1 = 0.

CMP RO,R1 ;RO contains n.

BLE 2034 :Illegal input (n =< 0)?

CLR @#2044 ;No, start operation by clearing 2044,
MOV RO0,@#2044 :Place first value of n in 2044,

DEC RO :n = n—1

ADD RO,@#2044 :Add next value (n—1) to 2044,

BVS 2036 :Overflow?

CMP RO,R1 ;No.

BGT 2016 ;Continue operation if n > 0.

HALT :Operation complete if n = 0.

CLR RO :Yes, iltegal input. Clear RO, 2044,
CLR @#2044 Yes, overflow. Clear 2044 only.
HALT ;lllegal input or overflow occurred.
END STOP HOST LOADING.
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A DCT11-EM Loadable Program - Example 2

In this example, the summation program above is changed slightly such that forward references to the
symbols [ILLIN and OVFLO are made. Since these symbols are undefined when first referenced, you must
create the program in two segments to make it acceptable to the DCTII-EML

START
CLEAR

PASSI

.= 2000

BEGIN:

LOOP:

ILLIN:
OVFLO:

PASS2

.= 2000
BEGIN:

LOOP:

ILLIN:
OVFLO:

.END

CLR R!

CMP RO,R1
BLE ILLIN
CLR @#2044
MOV RO,@#2044
DEC RO

ADD RO,@#2044
BVS OVFLO
CMP RO,R1
BGT LOOP
HALT

CLR RO

CLR @#2044
HALT

CLR R1

CMP ROR1

BLE ILLIN

CLR @#2044
MOV RO,@#2044
DEC RO

ADD R0,@#2044
BVS OVFLO
CMP RO,R1
BGT LOOP
HALT

CLR RO

CLR @#2044
HALT

:THIS LINE MUST APPEAR FIRST.
:DELETE ALL PREVIOUSLY DEFINED
:SYMBOLS.

:PERFORM FIRST PASS INPUT OF PROGRAM.
;ALLOW UNDEFINED SYMBOLS AND SET
;THEIR VALUES TO ZERO.

;INPUT THE PROGRAM STARTING AT
:LOCATION 2000.

Set R1 = 0.

:RO contains n.

;llegal input (n =< 0)?

;:No, start operation by clearing 2044.

:Place first value of n in 2044.

n=n—l1

:Add next value (n—1) to 2044,

Overflow?

:No.

;Continue operation if n > 0.

:Operation complete if n = 0.

:Yes, illegal input. Clear RO, 2044.

:Yes, overflow. Clear 2044 only.

:Illegal input or overflow occurred.

;PERFORM SECOND PASS ENTRY OF
:PROGRAM.

;SYMBOLS ARE NO LONGER UNDEFINED AND
;ARE ASSIGNED CORRECT VALUES.
:UNRESOLVED ADDRESSES ARE RESOLVED.
JINPUT THE PROGRAM AGAIN STARTING AT
:LOCATION 2000.

Set R1 = 0.

;RO contains n.

JIllegal input (n < 0)?

:No, start operation by clearing 2044,

;Place first value of n in 2044,

n=n—1

:Add next value (n—1) to 2044,

;Overflow?

;No.

;Continue operation if n > 0.

;:Operation complete if n = 0.

:Yes, illegal input. Clear RO, 2044.

;Yes, overflow. Clear 2044 only.

:lllegal input or overflow occurred.

;STOP HOST LOADING.

4-27



4.17.6 An Hustration of the Host Loading Process
This paragraph steps you through a session with the DCT11-EM during which you load the surnmation
program you created on your host (see example |, Paragraph 4.17.5).
Assuming you are in NOHOST mode, the first step is to get into LOAD mode by typing in:
TEM:=> HOST LOAD
Press RETURN until your host responds with its usual prompting character(s).

Then direct your host to type or otherwise display on the console terminal the program you wish to load.
This command might be in the form:

TYPE SUMM

where TYPE is the the command your host recognizes to display the program and SUMM is the name you
gave the program. When the host starts typing the program, the following appears on your console
terminal. (This program does not contain any undefined symbols and requires only one pass.)

START
TEM> :THIS LINE MUST APPEAR FIRST.
TEM=> CI.EAR :DELETE ALL PREVIQUSLY DEFINED
TEM:= SYMBOLS.
TEM:= . = 2000 ;ENTER THE PROGRAM STARTING AT
TEM> :LOCATION 2000.
TEM=> CLR RI Set R1 =0,
TEM= CMP RO,R1 ;RO contains n.
TEM=> BL.E 2034 JMlegal input (n =< 0)?
TEM= CLR @#2044 :No, start operation by clearing 2044.
TEM= MOV RO.@ #2044 :Place first value of n in 2044,
TEM> DEC RO n = n—}|
TEM:= ADD RO,@#2044 :Add next value (n—1) to 2044,
TEM= BVS 2036 :Overflow?
TEM= CMP RO.R1 :No.
TEM= BGT 2016 ;Continue operation if n > 0.
TEM= HALT :Operation complete if n = 0.
TEM= CLR RO :Yes, illegal input. Clear RO, 2044.
TEM=> CLR @#2044 :Yes, overflow. Clear 2044 only.
TEM=> HALT [legal input or overflow occurred.
TEM> END :STOP HOST LOADING.

HOST=>

<your host's prompt appears on the [ast line>

The DCT11-EM successfully loaded your program and you are now back in HOST mode. The console
monitor can now respond to your input. If you type in 2000, you can examine the program you just loaded
by pressing RETURN repeatedly.
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If your program is successfully being loaded into the DCT11-EM, each line is preceded by the TEM>
prompt. If a program line causes a console error message, loading stops but typing continues (without the
TEM> prompt).

4.18 CONSOLE COMMAND SUMMARY

General Form Operation

expr Deposit the expression in RAM unless the expression is part of another
command. Advance the address pointer accordingly.

instr Assemble and deposit the instruction at the location indicated by the
address pointer. Advance the address pointer accordingly.

exprl__expr2 Display the contents of the locations from exprl through expr2. If exprl is
greater than expr2, only exprl contents displayed.

expr? Display numerically the value of the ¢xpression.

expr\ Set the address pointer to the value of the expression. Display the contents

of the location specified by the expression.

null line Display, relative to the address pointer, the next eight instructions if in
INSTRU mode, the next eight words if in WORD mode, or the next eight
bytes if in BYTE mode. If single stepping, single step again.

symbol=expr Define the symbol to be equal to the expression,
symboi: Define the symbol to be equal to the current vaiue of the address pointer.
A Decrement the address pointer by one byte if you are in BYTE mode or

by one word if you are in WORD or INSTRU mode.

Paragraph

Form Reference Operation

ABSOLU 4.8.2 Sets the ABSOLU mode. Causes user-defined
symbols in programs to be displayed as numeric
values.

ASCII /string/ 4.15 Generates a block of data containing the ASCII
equivalent of the character string (enclosed in
delimiting characters), one character per byte.

.BLKB expr 415 Reserves a block of storage space whose length in
bytes is determined by the specified expression.

.BLKW expr 4.15 Reserves a block of storage space whose length in

words is determined by the specified expression.
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.BYTE exprl, expr2, - . .

BYTE

CANCEL

CLEAR
DELETE symbeol

END

EVEN

EXIT
GO

HELP
HOST

INSTRU

LOAD

NOHOST

PASS!

PASS2

4.15

482

Ll
=
e
gD e

4.13.2

4.13.2

4.17.4

4.15

4.2

4.14

4.16
4.17.1

4.8.2

4.17.1

4.17.1

4.17.5

4.17.5

4-30

Generates successive bytes of data; each byte con-
tains the value of the corresponding specified
expression.

Sets the BYTE mode for memory examination
and alteration operations. Causes memory to be
displayed as three digit bytes.

Clears all four breakpoints and the watchpoint.

Clears the user symbol table.

Deletes user-defined symbol from the user symbol
table.

Used at the end of programs that are 10 be loaded
into the DCT11-EM from a host. Causes the
DCT11-EM to terminate host loading if in LOAD
mode.

Ensures that the current address pointer contains
an even address by adding | if it is odd.

Transfers console control to the keypad.

Executes the user program at the current PC
value.

Displays a table of commands.

Sets the HOST mode. Allows the DCTI11-EM to
receive messages from a host.

Sets the INSTRU meode. Data is displayed as
DCT11-AA assembly language instructions. Is set
by default when the DCT11-EM is powered up.

Sets the LOAD mode. Establishes host communi-
cation. Allows the DCT11-EM to begin loading if
it encounters the START command.

Clears the HOST mode. Is set by default when
the DCT11-EM is powered up.

Sets the PASS! mode. Allows the use of unde-
fined symbols.

Sets the PASS2 mode. Requires all symbols to be
defined. Is set by default when the DCTI1-EM is
powered up.



REPEAT expr,cmd

SHOWMO
SHOWRE
SHOWSY

START

STEP

SYMBOL

TALK

VTOFF

VTON

WORD exprl, expr2, . . .

4.16

4.16

4.6

4.13.2

4.17.5

4.14.2

48.2

4.17.1

4.3

4.3

4.15
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Repeatedly performs the specified command(s)
by the number of times specified by the
expression.

Displays the current operating modes of the
DCT!1-EM.

Displays the contents of user registers and the
watchpoint if the watchpoint is set.

Displays the contents of the user symbol tablec.

Used at the beginning of programs that are to be
loaded into the DCT11-EM from a host. Causes
the DCT11-EM to start host loading if in LOAD

mode,

Executes one instruction of a user program at the
current value of the PC. Displays the contents of
user registers and the watchpoint if the
watchpoint is set. Displays the next instruction to
be executed.

Sets the SYMBOL mode. Causes user-defined
symbols in programs to be displayed as symbols
rather than as numeric values. Is set by default
when the DCT11-EM is powered up.

Sets the TALK mode. Establishes host communi-
cation. Allows you to communicate directly with
a host as if the DCT11-EM were not there. Typi-
cally used for program development on a host.

Sets the VTOFF mode. Causes deleted characters
to be cchoed (preceded by a slash) on the console
terminal when you press the DELETE key. Is set
by default when the DCTI11-EM is powered up.

Sets the VTON mode. Characters you delete by
pressing the DELETE key are not echoed in this
mode. Typically used if you have a video terminal
for a console.

Generates successive words of data; each word
contains the value of the corresponding specified
expression.




4.19 CONTROL COMMAND SUMMARY

Command Meaning Typical Use

CTRL/U Delete line. You made several typing errors in your input line.
CTRL/X You want to cancel the line and try again.
CTRL/R Display line. You used the DELETE key several times while

typing your input line. You want to sce a clean
version of the line you are editing.

CTRL/S Suspend execution. You want to suspend the operation of the console
monitor or the execution of a currently running
program.

CTRL/Q Resume execution. You have previously used the CTRL/S command

and want 10 resume operation.

CTRL/C Abort operation. You want to abort the current CTRL/Y opera-
tion of the DCT11-EM and input a new line.

CTRL/O [gnore host message. You are in HOST mode (sec Paragraph 4.17.1)
and want to ignore information currently being
sent by your host computer.

CTRL/A Select option. You are in TALK or LOAD modes (see
Paragraphs 4.17.3 and 4.17.4) and want to select
one of these four options: exit, resume, send
break, send CTRL/A.
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CHAPTER 5
SOFTWARE

5.1 INTRODUCTION

This chapter provides some information about the DCTI11-EM monitor and introduces you to monitor
subroutines you can use in your programs. The chapter also describes how address space is allocated in the
DCTI11-EM and shows you which areas are available and unavailable for use.

This material is summary in nature. More detailed information can be found in the DCTI11-EM monitor
listing (see Appendix A) and in the DCT11-EM schematics (see Appendix B).

5.2 THE MONITOR

The monitor is a PROM resident program that controls the operation of the DCT11-EM. Its main purpose
is 1o provide an environment in which you can develop and run programs. The portion of the monitor that
allows you to operate the DCT11-EM with the keypad is called the keypad monitor and the portion that
lets you use a console terminal is called the console monitor. When you learned how to operate the
DCT11-EM with the keypad and console in Chapters 3 and 4, you were really learning how to get the
monitor to do things for you.

When you execute a program, the monitor relinquishes control of the DCT11-EM to your program.
Control is returned to the monitor (i.¢., the monitor is restarted) by any of the following ways:

Pressing the HALT switch

Executing a HALT instruction

Encountering a breakpoint or executing a BPT instruction
Attempting to execute an illegal instruction

Performing a single step

Sending a BREAK from a console terminal

Executing a JMP @#140010 instruction

Sending a CTRL/C or CTRL/Y command from a console terminal

Mk Lo =

The first two ways (1 and 2) always return control to the keypad monitor. The remaining ways (3 through
8) return control to the keypad monitor if you are using the keypad or the console monitor if you are using
a console terminal. When control is returned to the keypad monitor, the PC is displayed on the LEDs and
you are in register mode. (If a flashing error message appears on the LEDs, press the HALT switch or any
key to display the PC.) When control is returned to the console monitor, a TEM=> prompt is displaved on
your console terminal. Refer to Appendix A for details about how the HALT and BPT instructions
interact with the monitor. Also refer to Appendix A for information on the effects of setting the T-bit.




When you return control to the monitor, the DCT11-EM registers contain the values they had at the time
your program stopped with the following exceptions.

1. If you execute a JMP @#140010 instruction, the PC is restored to the value it had when your
program started. This allows easy restarting of the program.

2. If you type CTRL/C or CTRL/Y from a console terminal, all the DCT11-EM registers are
restored to the values they had when your program started.

3. If you encounter a breakpoint, the stack pointer is set to the value it had just before the
breakpoint occurred.

5.2.1 The Stack Pointer

The monitor initializes your stack pointer to 7400 when you power up. The monitor also checks to make
sur¢ your stack pointer is in the range 4 through 7400, inclusive (for the keypad monitor), or 4 through
6500, inclusive (for the console monitor), before it allows your program to execute. It is up to you,
however, to make sure the stack pointer has a reasonable value before you attempt to run a program.

For example, it is a good idea to make sure your stack pointer and the information you push onto the stack
do not overlap your program. To decrease the chance of this happening, set the stack pointer well above
the area in which your program resides.

5.3 MONITOR SUBROUTINES
Several portions of the DCT11-EM monitor are accessible to your programs as subroutines. If you want to
use one of these subroutines in your program, simply include a JSR instruction in the form:

JSR PC,@#subroutine
where subroutine refers to the address of the desired subroutine.

Subroutine mnemonics ar¢ defined within the monitor only, so make sure your program defines these
mnemonics before it uses them as symbols.

5.3.1 Keypad/LED Subroutines
Address Mnemonic Description

140014 DGDISP Display Hex Digit
Takes the value contained in the lower four bits of RO and
displays it as a hexadecimal number on the LED digit indcxed
by RI. Values of R{ correspond to LED digits as follows. Uses
RO and R1,
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Address

140020

[40024

140030

140034

140040

140044

140050

Mnemonic

UPDISP

LODISP

DECDSP

UPBLNK

LOBLNK

GETKEY

BCDKEY

Description

Display Octal Number on Upper LEDs
Takes the value in R2 and displays it as a six-digit octal number
on the upper row of LEDs. Uses RO and R1.

Display Octal Number on Lower LEDs
Takes the vaiue in R2 and displays it as a six-digit oc¢tal number
on the lower row of LEDs. Uses R0 and R1.

Display Decimal Number

Takes the value in R1 and displays it as a five-digit decimal
number on the row of LEDs indexed by R2. R2 = 12 for the
lower row, R2 = 13 for the upper row. Uses RO, R], R2, and
R3.

Clear Upper Row
Blanks out the upper row of LEDs. Uses RO and Ri.

Clear Lower Row
Blanks out the lower row of LEDs. Uses RO and R1.

Get Key Number

Turns on LEDs and waits for a keypress. When a keypress
occurs, takes the number of the key and stores it in R1. Keys are
numbered as follows.

a3 a7 13 :
L
02 06 12 16 22

~t
[
[

o0 Q04 10 T4 20

Convert Key Number to BCD

Takes the key number in R1 and converts it 1o a BCD value for
the keys O through 9. Returns 12 for the CLR key and 13 for
the EXA key. Returns -1 (i.e., 177777) for any other key.
Stores the result in R1.
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Address Mnemonic Description

140054 GETNUM Input Number From Kcypad
Displays the value in R2 as a six-digit octal number on the lower
row of LEDs. Enables the user to modify the value of R2 using
keys O through 7 and CLR. Stores modified value in R2 when
the EXA key is pressed, Uses RO, R1, and R2.

5.3.1.1 Using the LEDs and Keypad - This paragraph contains some information you may find useful
when writing programs that use the LEDs and keypad. This is intended as introductory material only. For
further detail, refer to the monitor listing in Appendix A and the DCT11-EM schematics in Appendix B.

You can create your own characters to display on the LED digits. First, form bytes that represent the
segment patterns of the characters you wish to display as shown in Figure 5-1.

i, ,b 7 0
9 dp g f € d 5 b a
] c
dpw

4 MA-10348

Figure 5-1 LED Segmeni Assignmenis

For example, 01110100 (or 164 octal) corresponds to the letter 2 and 01001111 (or 117 octal) corresponds
to the numeral 3.

Then, move the bytes containing the segment patterns to locations 7712 through 7725. Thesc locations
{(collectively called SEGBUF) are used by the LED interrupt service routine in the monitor to display
scgment patterns on the LEDs. Each location (byte) corresponds to an LED digit as shown in Figure 5-2.

WPPER ROW
OF TI2b|7723\7721|7 71777157713
LEDS

LOWER ROwW
OF 7724|7722(7 71208771617 714| 7712

LEDS

Figure 5-2 SEGBUF Assignmenis

For example, if you moved 164 (octal) to location 7721, 117 (octal) to location 7717, and 0 to all the other
SEGBUF locations, you would display /3 centered in the upper row of LEDs.

Finally, turn on the LEDs by writing 000007 to port C of the 8255A parallel port chip (address 177444).
Make sure your program keeps the LEDs on long enough for you to see them. One way of leaving the
LEDs on is to incorporate one or more delay loops in your program of the form:

CLR R5
SOB R5,.



The LED interrupt (INTA) is disabled (i.e., the LEDS are turned off) by writing 000010 to port C of the
8255A chip. This also disables the user LED.

To turn on the user LED (which, incidentally, also disables the LED digits), write 000011 to port C of the
8255A chip.

Examples of displaying values on the LEDs are provided in Paragraph 5.3.1.2. You can also create your
own interrupt service routines to respond to keypresses. When a key is pressed, program control is
transfered to the routine pointed to by 7676. If 7676 is zero, keypresses are ignored. The number of the
key pressed is available to your routine through R1. See the description of the GETKEY subroutine in
Paragraph 5.3.1 for key numbers.

In order for a keypress to be sensed, the LEDs must be enabled. This can be done by writing 000007 to
location 177444 as cxplained above or by executing your program from the keypad with the “Go With
LEDs"” special function (see Paragraph 3.12.2).

At the end of your keypress service routine, include the sequence:

MOV (SP)+,R2
MOV (SP+,R1
MOV (SP)+,R0
RTI

1o restore the state of your interrupted program. As an example, here is a program which loops on itself
and increments R3 each time a key 1s pressed. To check the operation of the program, start it at location
1000 and press keys. Press HALT and examine R3.

Symbolic
Address Data Representation Comments
1000 012737 MOV #7.@#177444 :enable keypad
1002 000007
1004 177444
1006 012737 MOV #1500,@#7676 ;attach interrupt routine
1010 001500
1012 007676
1014 000774 BR 1006 ;loop infinitely
1500 005203 INC R3 :interrupt service routine
1502 052602 MOV (SP)+,R2
1504 012601 MOV (SP)}.R1
1506 012600 MOV (SP)+,R0
1510 000002 RTI

5.3.1.2 Using Keypad/LED Subroutines — Example Programs — The following examples show you how
to use keypad/LED subroutines.

Example 1 — Countdown Program This program decrements a number at a rate inversely proportional to
the number’s size. The program begins by displaying the word “EntEr" on the upper row of LEDs. You
enter a number {which is displayed on the lower row of LEDs) and press the EXA kev. The number is
displayed as it is decremented. The program initializes itself at the end to allow you to enter another
number.

There are undefined symbols in this program, so if you enter the symbolic version via the console terminal,
make sure you incorporate the PASS! and PASS2 commands as described in Paragraph 4.17.5,
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Address

1000
1002
1004
1006
1010
1012
1014

1016

1020
1022
1024
1026
1030
1032
1034
1036
1040
1042
1044
1046
1050

Data

012701
007713
012700
000006
116021
001063
005201

077004

004737
140054
005702
001774
012701
000003
004767
000012
077103
005302
004737
140024
000765

TEST:

TEST1:

TEST2:

TEST4:

TEST3:

Symbolic
Representation

SEGBUF = 7712
LODISP = 140024
GETNUM = 140054

. = 1000

MOV #SEGBUF+1,R1
MOV #6,R0

MOVB ENTER-1(R0),(R1)+
INC RI

SOB RO,TESTI

ISR PC,@#GETNUM
TST R2

BEQ TEST2

MOV #3R1

JSR PC,DELAY

SOB R1,TEST3

DEC R2

JSR PC,@#LODISP

BR TEST4

;DELAY loops a number of times inversely proportional to the size
:of R2. Thus there is a smaller delay when R2 is large.

1052
1054
1056
1060

1062

012700
177777
160200
103376

000207

DELAY: MOV #-1,R0

DELAY 1: SUB R2,R0

BCC DELAY1

RTS PC

; ENTER is a list of bytes corresponding to the segment patterns

: “EntEr”.

1064
1066
1070

052171
074570
000120

ENTER: .BYTE 171,124,170,171,120,0

Comments

;LED segment buffer
;octal number on lower LEDs
:input number from keypad

;position program at focation
11000

;point to rightmost
;digit of upper row of LEDs
iset digit count = six digits

;transfer character to

;digit in upper row of LEDs
;advance pointer to next
;digit in upper row of LEDs
;loop to transfer all six
:characters

:input an octal number from
;the keypad

;reject zero as an input

;if zero, get a new number
;call delay routine three
stimes

:wait a while

;decrement entered number
;display new value

:see if we have zero vet

;set dividend

;divide by successive
;subtraction; keep
subtracting untit
:underflow occurs



Example 2 ~ Clock Program
This program displays a minutes and seconds clock on the lower row of LEDs. The values for minutes and
seconds are obtained from a timer main{ained by the monitor. You can use the INT switch to set minutes.
Note that the upper row of LEDs and the left-most digit of the lower row display the current contents of
the LED segment buffer for those digits.

All symbols referenced in this program are defined. The symbolic version of the program will run if
entered as follows. As an exercise, try to modify the program so that the upper row of LEDs and the left-
most digit of the lower row of LEDs ar¢ blank when the program is running.

Address

1000
1002
1004
1006
1010
1012
1014
1016
1020
1022
1024
1026
1030
1032
1034
1036
1040
1042
1044
1046
1050
1052
1054
1056
1060
1062
1064
1066
1070
1072
1074

Data

012706
006500
106427
000000
012737
001200
000024
005037
007730
005067
177750
112737
000007
177444
032737
0601000
007730
001774
032737
001000
007730
001374
013701
007730
000301
006201
006201
042701
177700
001010
005267

CLOCK:

LOOP:

LOOP1:

SHOWIT:

Symbolic
Representation
PFVEC =24
TIME = 7730
SEGBUF = 7712
MINUTS = 776
DECDSP = 140030
P$SPORC = 177444
SETIME = 1200
= 1000

MOV #6500,SP
MTPS #0
MOV #SETIME,@#PFVEC

CLR @#TIME
CLR MINUTS
MOVB #7,@#P$PORC

BIT #1000,@#TIME

BEQ LOOP
BIT £#1000,@#TIME

BNE LOOPI

MOV @#TIME R1
SWAB RI

ASR Rl

ASR Rl

BIC  #177700,R1
BNE  .+22

INC  MINUTS

5-7

Comments

;INT switch vector

;upper six bits count seconds
:LED segment buffer

:location to hold minutes count
:display decimal number
;LED/keypad 1/0 port on 8255A
;subroutine to set minutes

;position program at loc. 1000
;initialize stack pointer
;set low priority

;connect minute set
;routine to INT switch

:clear seconds and second
;fractions
;clear minutes

;turn on LEDS

:wait for seconds to
;change

:show time

;get seconds

;mask out fractions of

:seconds

:not a new minute (BNE CLKI)
;else count minutes



Symbolic

Address Data Representation Comments
1076 177676
1100 026727 CMP  MINUTS, #60. :overflow?
1102 177672
1104 000074
1106 103402 BLO .46 :no (BLO CLK1)
1110 005067 CLR MINUTS
1112 177662
i114 016702 CLKI: MOV MINUTS,R2 ;get minutes
1116 177656
1120 012700 MOV #3,R0 ;shift minutes over three
1122 000003 ;digits
1124 006302 LOOP2: ASL R2 ;multiply R2 by 10 to shift
1126 010246 MOV R2,—(SP) ;one decimal digit to the left
1130 006302 ASL R2
1132 006302 ASL R2
1134 062602 ADD (SP)+,R2
1136 077006 SOB RA,LOOP2 ;loop three times to make X 1600
1140 060201 ADD R2.RI ;add minutes to seconds
1142 012702 MOV #10,R2 ;index lower display
1144 000010
1146 004767 JSR PC,@#DECDSP «display time
1150 136656
1152 112737 MOVB #100,@#SEGBUF+4  ;display dash between
1154 000100 ;minutes and seconds
1156 007716
1160 000725 BR LOOP
= 1200
1200 005037 SETIME: CLR @#TIME ;reset seconds to increment
1202 007730 ;minutes
1204 012706 MOV #6500,SP sreinitialize stack
1206 006500
1210 106427 MTPS #0 ;reinitialize priority
1212 000000
1214 000717 BR SHOWIT ;display new time

As an cxercise, try to modify the program so that the upper row of LEDs and the left-most digit of the
lower row of LEDs are blank when the program is running.

5.3.2 Console Subroutines

Address Mnemonic Description

140060 GETLIN Get Input Line
Types an angle bracket and space (> ) as prompting characters
and awaits input from the console terminal. Echoes characters

as they are typed in. Stores these characters (up to 96 per line) in
a character buffer. Uses R0, R3.
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Address

140070

140100

140104

140120

140124

140134

140140

140144

Mnemonic

GETCH

GETCHC

GETNXT

CRLF

CHROUT

CHRO2

ASCOUT

PRINTA

Description

Get Character

Retrieves the character indexed by R3 from the character buff-
er. R3 must have a value from 0 to 137 octal (95 decimal).
Stores the character in the lower byte of R0 and increments R3.
Lowercase characters are converted to uppercase. Sets the N
condition code bit if the character is a separator (space, tab,
feed). Sets the C conditien code bit if the character has been
converted from lowercase to uppercase. Uses R0, R3.

Get Character, Preserve Case

Retrieves a character with its case intact from the character
buffer. Uses R3 as an index to the character. R3 must have a
value from 0 to 137 octal {95 decimal). Stores the character in
the lower byte of R0 and increments R3. Uses R0, R3.

Get Character, Ignore Separators

Retrieves the next character in the character buffer which is not
a separator (space, tab, feed). Uses R3 as a starting point index.
R3 must have a value from 0 to 137 octal (95 decimal). Stores
the character in the lower byte of RO and increments R3 in
accordance with the number of separators encountered. Lower-
case characlers are converted to uppercase. Sets the C condition
code bit if a character has been converted from lowercase to
uppercase. Uses RO, R3.

Type Carriage Return, Line Feed
Types a carriage return and line feed on the console.

Type One or Two ASCII Characters

Takes the value in the lower byte of R0 and types it as an ASCII
character on the console, If the upper byte of RO has a nonzero
value, it is also typed as an ASCIT character on the console. Uses
RO.

Send Byte to Auxiliary Port
Takes the value in the lower byte of RO and sends it to the
auxiliary serial port. Uses R0.

Type One ASCII Character or String

Takes the value in the lower byte of R0 and types it on the
console cither ag an ASCII character or as an ASCII string of
characters. ASCII strings that can be typed include <ESC>,
<8P>, <DEL>, and ~A through __ where the caret denotes a
control character. Uses RO.

Type ASCII String

Takes a string of bytes starting at the location pointed 10 by R
and types them on the console as ASCII characters until until a
byte whose value is zero is is encountered. Uses RO, R1.
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Address Mnemonic Description

140160 TYPOCT Type Octal Number
Types the value in R1 on the console as a six-digit octal number

if in the INSTRU or WORD output formatting modes. Types
the lower byte of R1 on the conscle as a three-digit octal number
if in BYTE mode. Uses RO, RI.

140164 TYPDEC Type Decimal Number
Types the value in R1 on the console as a signed five-digit
decimal number followed by a period. Uses RO, R1.

5.3.2.1 Console Character Manipulation — The console subroutines just described provide most of the
functions you will require to manipulate characters via the console. If you require other functions, refer to
the monitor listing in Appendix A.

Keep the following in mind when using the GETCH, GETCHC, and GETNXT subroutines.

When vou use these subroutines, characters you input via the console terminal are stored in a 96-character
buffer maintained by the monitor called BUFFER. All three subroutines use R3 as a pointer to determine
which character within BUFFER is retrieved. Since BUFFER is 96 characters in length, R3 can have a
value from 0 through 137 {(octal), inclusive. For your convenience, the subroutincs automatically incre-
ment R3 to point to the next character to be retricved.

5.3.2.2 Using Console Subroutines — Sample Program

© NIM for the TEM

; In this version of NIM, there are 21 sticks. The game requires 2
;players (the user and the TEM). The players take turns picking up
;1. 2, or 3 sticks. The object of the game is to leave 1 stick for
;the other player to pick up in the last turn. The algorithm used
;by the TEM ensures that it will win if it goes second, or if it goes
;first and the other player leaves it an opportunily to win.

: Operation of the game is explained by prompts. All responses by the
;user must be terminated with a carriage return. However, several
;responses may be typed together on a line, separated by commas, and
;will be taken as needed by upcoming prompts for input.

; There are undefined symbols in this program, so if you enter the

;symbolic version via the console terminal, make sure you incorporate
;the PASSI1 and PASS2 commands as described in Paragraph 4.17.5.
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jrersrxesrs SYMBOL DEFINITIONS **rkexsxsxs

CLEAR ;empty symbal table

MONITR = 140010 ;reentry point for monitor

GETLIN = 140060 ;get a line from the console

GETNXT = 140104 ;get next significant character from BUFFER
CRLF = 140120 ;send <CR>,<LF> to console
CHROUT = 140124 :send a character to console

PRINTA = 140144 ;print an ASCII string

TYPDEC = 140164 ;type a decimal number on the conscle
CR =15 ;<CR>

LF =12 j<L¥F>

SPACE =40 ;space

STICKS = 21. ;imtial number of sticks

i*****t*#**** START OF PROGRAM Ak ok o Nk Kk kK

.= 1000

NIM:

NEWGAM:CLR RS
CLR R3

MOV #GREET,R1
JSR PC,@#PRINTA

;print greeting message on console

;show no sticks taken yet
i(number of sticks left = STICKS — RS5)

NEWI: MOV #MEORU RI
JSR PC,@#PRINTA
JSR PC,@#GETLIN
JSR PC,@#GETNXT
CMPB RO#'M

BEQ TEMGO

CMPB RO#'Y

;ask who plays first

;wait for response from console
;get first meaningful character
;mm{e) means TEM goes first

:y(ou) means user goes first

BEQ USERGO
CMPB RO#Q ;q{uit) means return to monitor
BNE NEW| :1f user has not entered a valid response,

JMP @#MONITR

;prompt for response again.
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USERGO:

USER]:

USER2:

NEXT:

USER4:

TEMGO:

MOV #LEFTI RI
JSR PC,@#PRINTA
MOV #STICKS.R1

SUB RS.R1

MOV R1,R2

JSR PC,@#TYPDEC
MOV #LEFT2,RI

JSR PC,@#PRINTA

JSR PC,@#CRLF

MOV #400*SPACE+’/,R0
JSR PC,@#CHROUT
SOB R2,USER]

JSR PC.@#GETNXT
CMPB RO.#,

BEQ NEXT

MOV #HOWMNY R1
JSR PC.@#PRINTA
JSR PC,@#GETLIN
JSR PC,@#GETNXT

CMPB RO, #'1
BLO USER2

CMPB RO#3

BHI USER2

SUB #0,R0

ADD RO,R5

CMP RS #STICKS-]
BLO TEMGO

BHI USER4

MOV #ILOSE,R1
JSR PC,@#PRINTA
JMP NEWGAM

MOV #GOOFED,R1
JSR PC,@#PRINTA
JMP NEWGAM

MOV #MYMOVE,R]
JSR PC,@#PRINTA

MOV RS5.RI
NEG R1

BIC #177774,R1
BNE TEM1
MOV #2,R1

;print header for number of sticks lcft

;calculate number of sticks left
;save a copy of result
;type decimal value on the console

;finish message

;start a new line

;put in RO the character pair “/”
itype a “stick” on the screen

;loop to type the appropriate number
;of sticks

;get next character

iis it a comma?

;yes, get next move from line.

:ask how many sticks the user wants
;get a line

:get first/next meaningful character
:on line

:illegal response, throw away line and
try again

;illegal response

;convert digit in RO into a2 number
:add to sticks already taken away
;s only 1 stick left?

:no, it’s TEM’s turn

;user took too many sticks

;announce the loss
;ask about another game

;tell the idiot that he goofed up
;and ask about another game

:type beginning of TEM’s move on
:console

;get number of sticks taken so far
;implement algoritm to select move:
d4f RS MOD 4 = 0, take 2 sticks

; R5 MOD 4 = 1, take 3 sticks

: R5 MOD 4 = 2, take 2 sticks



TEMI1:

GREET:

MEORU:

LEFTI:

LEFT2:

ADD RI,R5 ; RS MOD 4 = 3, take 1 stick

JSR PC.@#TYPDEC ;show how many sticks TEM is taking
MOV #MYMOVI1,RI

JSR PC,@#PRINTA ;finish message

CMP RS #STICKS-1 ;is there only 1 stick left?

BLO USERGO o, it’s the user’s turn

MOV #IWIN.R1

JSR PC,@#PRINTA ;announce the victory

JMP NEWGAM ;and ask about a new game

.BYTE CR,LF

ASCIL /NIM for the TEM/
BYTE CR,LF,0

.BYTE CR,LF

ASCII /Who goes first? Me (M) or you (Y)? (Q to quit)/
BYTE 0

BYTE CR,LF

ASCII /There are /

.BYTE 0

ASCI / sticks left./
BYTE 0

HOWMNY: BYTE CR,LF

ASCII /How many sticks will you take? (1, 2, or 3)/
.BYTE Q

MYMOVE: BYTE CR,LF

MYMOVI:

ILOSE:

TWIN:

GOOFED:

ASCIH /T take /

BYTE 0

ASCII / stick(s)./

BYTE O

BYTE CR,LF,LF

ASCI /You win!! I demand a rematch!/
BYTE 0

.BYTE CR,LF,LF

ASCII /T win!!! Want to try again?/
BYTE 0

BYTE CR,LF,LF

ASCII /You goofed up! Can you get it right this time?/
BYTE 0

5.4 DCTI11-EM ADDRESS SPACE

DCTi1-EM address space is organized as shown in Figure 5-3. Functionally, the address space consists of:
standard RAM space, cxpansion RAM space, monitor space, 1/0O space, space available for external
hardware, and reserved space.



177777

177600
177877

177420
177377

167600

AVAILABLE FOR EXTERNAL
HARDWARE

/0 SPACE

AVAILABLE FOR EXTERNAL
HARDWARE

167577
167400
167377

160000
157777

120000
117777

100000
77777

45000
37777

30000
27777

20000
172777

10000
7777

7400
7377

7320
7317

6600
6477

144
143

w2 /7 RESERVED

AVAILABLE FOR EXTERNAL
HARDWARE

MONITOR

_ // _

AVAILABLE FOR EXTERNAL
HARDWARE

/ RESEHVED/

USER RAM [OPTIGNAL)

RESERVED
7

KEYPAD MONITOR SCRATCHPAD

CONSCOLE MONITOR SCRATCHPAD

SYMBOL TABLE

USER RAM

INTERRUPT AND OTHER VECTORS

ME 10350

Figure 5-3 DCTI11-EM Memory Map
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5.4.1 Standard RAM Space
Addresses 000000 through 007777 are allocated to the RAM that comes standard with the DCT11-EM.
This RAM space is utilized as follows.

Addresses Use
(00000-000143 Interrupt and Other Vectors. Centains vectors that peint to

service routines for various inferrupl, trace, and trap conditions.
See Chapter 6 for specific vector addresses.

000144006477 User RAM Space. Space available for user programs.

006500-007317 Symbol Table (Console Monitor Only). Can contain up te 66
user defined symbols.

007320-007377 Console Monitor Scratchpad. Area for use by the console
monitor.

007400-007777 Keypad Monitor Scratchpad. Arca for use by the keypad moni-

tor and console monitor.

If you are using only the keypad, the symbol table and console monitor scratchpad areus arc available to
vou as user RAM.

The monitor ordinarily protects certain arcas of RAM from direct alteration. If vou are using the keypad
only, the keypad monitor scratchpad is the only arca of protected RAM. If you are using a console
terminal, however, the symbol table, console monitor scratchpad, and keypad monitor scratchpad are all
protected. You can remove protection by activating special function 4 from the keypad (see Paragraph
312.5).

Note that “protection” refers only to protection from direct alteration, such as examining a location from
the keypad or console and then trying to change the location. An executing program can violate any RAM
location. To avoid unpredictable results, therefore, make certain your programs do not inadvertantly write
data into areas not available as user RAM.

£.4.2 Expansion RAM Space
I you insert two 2 K X 8 RAMs into the expansion sockets (scc Paragraph 5.3), another portion ol user
RAM space at locations 020000 through 027777 becomes available to you.

£.4.3 Monitor Space
The monitor space is the spacc occupied by the keypad and console monitors which reside in two 8 K x 8
PROMs at focations 120000 through 157777.

5.44 1/0 Space

Locations 177400 through 177577 are designated as space for the DCT11-EM’s 1/O chips. The 8255A
parallel port, the 8251 A auxiliary serial line, and the DC319 DLART console serial line all use this space.
The 1/0 space consists of locations that can be written only and locations that can be written or read.
Figure 5-4 provides a detailed breakdown of how the 1/0 space is used.
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177577 h
177566 DLART TRANSMITTER DATA BUFFER
177864 [DLART TRANSMITTER COMMAND, STATUS REG,
177562 DLART RECEFVER DATA BUFFER
177560 | DLART RECEIVER COMMAND/STATUS REG.
177552 8251 STATUS REGISTER
177550 8251 RECE{VER DATA BUFFER
L READ/WRITE
177544 | 8255 PORT € [INPUT FROM UPPER 4 BITS) VO SPACE
177542 B255 PORT 6 (8-BIT INPUT)
177500 J
177477 h
177452 8251 CONTROL REGISTER
177450 8251 TRANSMIT DATA BUFFER
177448 8255 COMMAND REGISTER
177444 [ 8255 PORT C {OUTPUT TO LOWER 4 BITS)
177442 8255 PORT B (8-BIT OUTPUT)
177440 8355 PORT A (8-BIT OUTPUT) WRITE ONLY
170 SPACE
177400 J

MR 10357

Figure 5-4 Map of 1/0 Space
5.4.5 Space Available For External Hardware

The following space is available to you for any expansion hardware you may wish to design:

040000-077777 167600-177377
160000-167377 177600-177777

An example of a piece of external hardware that could use this space is a RAM board which responds to
addresses 040000 through 057777. Further information on hardware expansion is provided in Chapter 6.

5.4.6 Reserved Space
The shaded space in Figure 5-3 is reserved and unavailable for use. The addresses affected are:

010000-017777 100000-117777
030000-037777 167400-167577
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6.1 INTRODUCTION
The DCT11-EM hardware is organized as shown in Figure 6-1. In general, the hardware consists of:

® @ & 9 9 € & & & 0 8 b 4

The DCT11-AA microprocessor

RAM

Monitor EPROM

Peripheral chips and drivers

An internal data bus buffer

User buffers

Microprocessor control signal decoding logic
Address latching and range decoding logic
Peripheral chip address decoding logic
Interrupt logic

Timing logic

Miscellaneous control logic

Keypad/LEDs and supporting logic

The HALT and INT push-button switches
Connectors

CHAPTER 6
HARDWARE

The paragraphs that follow provide information on each of these. Refer to the DCT11-EM schematics in
Appendix B for further details.

Paragraph 6.17 contains a design for an expansion memory board you can build.

6-1




9

INT2

ECAS2 —f
Tew CONTROL INT3 HALT EDMG
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| inTeRRUPT PRIORITY TRI- STATE
2 REGISTER ENCODER STATE EAI<7:0> DRIVER
DRIVER (USER
INTB BUFFER)
DMR
E£CAS
DAL<15:00> J
AI<7:0>
fras ADDRESS 6
S USER . 3
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SAL<15.13> LoGIC
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ARD1X
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ARDO1
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SERIAL PDSR ARDOO 3 | (ool — inTA
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CHIP BRCLK PCSO
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Figure 6-1

DCT11-EM System Block Diagram
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6.2 DCT11-AA MICROPROCESSOR

The DCT11-AA microprocessor is the heart of the system. A detailed discussion of the operation and
architecture of the DCTI1-AA is beyond the scope of this book. Refer to the DCTI1-4A4 User’s Guide
(EK-DCT11-UG) for this information.

At power-up or when a RESET instruction is executed, the DCT11-AA mode register bits arc set to the
following states and cannot be changed.

Mode

Register Bits State Mode

<]5:13> 000 Start address = 140000
Restart address = 140004

12 1 User

11 0 16-bit bus

10 1 4 K/16 K memory

9 0 Dynamic memory

8 0 Normal read/write

1 1 Standard microcycle

0 1 COUT = processor clock

This mode configuration has the following implications:

¢ Bit <ll> = | - This allows you to use either 8-bit or 16-bit data paths in your expansion
circuitry designs. If 8 bits, simply use the lower 8 bits of the 16-bit bus,
e Bits <10:09> = 10 - This allows you to use inexpensive 16 K dynamic RAMs for off-board
memory expansion (see Paragraph 6.17).
¢ Bit <8> = 0 - This allows you to design expansion hardware with devices that respond to either
normal or delayed read/write controls. If you use devices that respond to delayed read/write
controls, include delay circuitry in your design.
NOTE
Do not use a RESET instruction in vouwr program
unless your program reconfigures (i.e., reinitializes)
your peripheral chips. RESET causes the DCT11-
AA to assert ~BCLR which resets the peripheral
chips.
6.3 RAM
There are two 2 K X § CMOS static RAM chips in the basic DCT11-EM which provide 4 K bytes of

mcmory space. These RAMs respond to addresses 000000 through 007777, Even numbered or low bytes
reside in one RAM, and odd numbered or high bytes reside in the other.

There are

two expansion sockets on the board which can accommeodate two additional 2 K x 8 static

RAMSs. The RAMs in these sockets respond to addresses 020000 through 027777, One RAM stores low

bytes and

the other stores high bytes.
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Ahthough the DCT11-AA generates refresh cycles as a resuft of being set to dynamic memory mode, this
is for the benefit of off-board expansion with dynamic RAMs. The on-board static RAMs ignore the
refresh cycles.

6.4 MONITOR EPROM
The DCT11-EM monitor is contained in two 8 K X § EPROM chips. The EPROMs respond to addresses

120000 through 157777.

Note that accesses to memory locations above 100000 cause a single cycle slip. This is not only for the
benefit of the monitor EPROMSs, but also for the peripheral chips and any slow expansion hardware which
may be attached. Cycle slips are disabled if the jumper is installed (see Paragraph 2.5). If you install the
jumper, make sure you also decrease the microprocessor’s 7.5 MHz clock frequency to a value between 3
MHz and 6 MHz by changing the crystal.

6.5 PERIPHERAL CHIPS AND DRIVERS

The peripheral chips are the 8255A parallel port, the DC319-AA DLART console serial line, and the
8251 A auxiliary serial line. The DLART and the 8251A have EIA drivers associated with them so that
they can communicate with RS232-C devices. The locations reserved for use by the peripheral chips are
listed in Table 6-1.

Table 6-1 Reserved 1/0 Locations for Peripheral Chips

Location Location

Number Type Use

177566 Read/write DLART transmitter data buffer

177564 Read/write DLART transmitter command/status register
177362 Read/write DLART receiver data buffer

177560 Read/write DLART receiver command/status register
177552 Read/write 8251A status register

177550 Read fwrite 8251A receiver data buffer

177544 Read/write 8255A port C (input from upper 4 bits)
177542 Read/write 8255A port B (8-bit input)

177452 Write only 8251A control register

177450 Write only 8251 A transmit data buffer

177446 Write only 8255A command register

177444 Write only 8255A port C {output to lowcr 4 bits)
177442 Write only 8255A port B (8-bit output)

177440 Write only 8255A port A (8-bit output)

6.5.1 Parallel Port (82554)

The 8255A parallel port chip has two 8-bit ports and two 4-bit ports, all independently controllable. Port A
(8 bits) is dedicated to supplying LED segment data to the LED segment drivers, Port A is configured as
output only. Port B (8 bits) is initially configured as an input port and is available to your expansion
hardware via the 60-pin connector. You can configure port B as either an input port or an output port. Port
C is really two independent 4-bit ports. The upper four bits of port C are dedicated to sensing keypresses
and are configured as input only. The lower four bits of port C are dedicated to turning on the LEDs and
enabling the keypad. These lower four bits are configured as output only.

For detailed information on programming the 8255A, refer to the Intel Component Data Catalog (availa-
ble from Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95051). The order number is 210298-001.
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6.5.2 DLART Console Serial Line
The DLART (DC319-AA) is an asynchronous receiver/transmitter which the DCT11-EM uses to com-
municate with a console terminal.

The DLART can generate receiver, transmitter, and break detection interrupt requests. See Paragraph
6.11 for more information on interrupts.

The 800 Hz clock output of the DLART is used to generate the INTA interrupt request which causes the
LEDs and keypad to be activated. Again, see Paragraph 6.11.

Detailed information on programming the DLART is contained in the DLART Data Sheet (ED-23181).

6.5.3 Auxiliary Serial Line (82514)

The 8251A auxiliary serial line chip is a universal syachronous/asynchronous receiver/transmitter
(USART) which the DCT11-EM uses for general purpose asynchronous serial communications. Typically.
the auxitiary serial line is used for communicating with a host computer.

The auxiliary serial line features modem control. The Data Carrier Detect and the SYNDET functions of
the B251A, however, are not used in the DCT11-EM.

For detailed information on programming the 8251A, refer to the Intel Component Data Catalog (availa-
ble from Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95051). The order number is 210298-001.

6.6 INTERNAL DATA BUS BUFFER
The internal data bus buffer is not accessible to you directly but is the buffer through which most of the
data in the DCTI1-EM passes. It buffers DAL<15:00>, the microprocessor’s primary data bus.

6.7 USER BUFFERS

The DCT11-EM has three user buffers. One buffer provides access to DAL<15:00>, the main internal
data bus. Another buffer provides access to Al<7:0>, the microprocessor's address interrupt lines. The
third buffer provides access to various DCT11-EM control signals. These buffers arc directly accessible
through the 60-pin connector. See Paragraph 6.16 for the names of the specific buffered signals available.

6.8 PROCESSOR CYCLE DECODING

There is some decoding logic that takes microprocessor control signals and combines them to direct the
operation of various chips within the DCT11-EM. Some of these decoded signals are available to you
through onc of the user buffers. See Paragraph 6.16 for the names of these buffcred control signals.

6.9 ADDRESS LATCHING AND RANGE DECODING

Memory addresses are latched from DAL<15:00> when the microprocessor asserts ERAS L. As shown in
Figure 6-1, the upper three bits of the latched address are converted {decoded) to signals which enable
pairs of on-board ROMs or RAMs.



Decoded address range signals are also available to your expansion hardware via the 60-pin connector,
These signals are ARDO2 L, ARDO3 L, and ARD17 L. Figure 6-2 illustrates the address ranges to which
these signals correspond.

177777

170 SPACE AND
SPACE AVAILABLE
TG EXTERNAL AR 17
HARDVVARE
160000
167777

MONITOR

EPROM ARDIX

120000
117777

RESERVE
100000

11777

NO CHIP ENABLE
SIGNAL AVAILABLE

AVAILABLE FOR

EXTERNAL ARDO3
HARCWARE
EO000
57777
AVAILABLE
FOR
EXTERMAL ARDD2
HARDWARE
40000

27777 977,
RESEFW’ED
30000

27737

ARDOY
OPTIONAL RAM

8 N S ._dL,___/\__.._—J;_V__J

20000

17777 S,
10000 ////égsiavigff/jzégg

7777

ARDOC
STANDARD RAM

MR 10353

Figure 6-2 Address Range Decoding

6.10 PERIPHERAL CHIP ADDRESS DECODING

The peripheral chip decoding logic is simmilar in function to the address range decoding logic (see Paragraph
6.9). The difference is that this logic generates peripheral chip enable signals instead of memory chip
enable signals. Peripheral chips are enabled according to the addressing scheme shown in Paragraph 6.5.
The peripheral chip decoding signals are internal to the DCT11-EM and are unavailable for expansion
hardware.

6.11 INTERRUPTS AND TRAPS
Interrupt vectors are located as shown in Table 6-2.

Interrupts are encoded and sent to the DCTI1-AA for handling. The DCT11-AA aiso handies DMA
requests and external vector requests via the interrupt logic.

Some of the interrupt vectors above point to a “null” service routine. That is, they simply point to an RTI
instruction. These include the power-fail, DLART transmitter, external, and 8251 A transmitier interrupts.
If you do not write your own service routines and change the interrupt vectors accordingly, these interrupts
will have no effect.
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Table 6-2 Interrupt Vector Locations

[nterrupt

Vector

Address Priority Type of Interrupt

- - HALT switch and HALT instruction
000024 - Nonmaskable power fail interrupt {caused by pressing INT switch)
000060 4 DLART receiver (INT3)

000064 4 DUART transmitter (INT2)

000100 & External interrupt (INTB)

000104 6 Keypad/LED scanning (INTA)
000120 5 8251A receiver {INTT)

600124 5 8251 A transmitter (INT6)

000140 7 DILART receiver break (INTF)

Other vectors include the following.

Vector Address Description

000010 Itlegal instruction trap

000014 Breakpoint and trace service
6.12 TIMING

Fundamental timing signals are gcnerated by:

1. A 7.5 MHr7 crystal oscillator which drives the DCT11-AA microprocessor
2. A 614.4 KHz clock which drives the DLART.

The 7.5 MHz signal is also divided down to 1.875 MHz to drive the 8251 A auxiliary serial line. These
signals are unavailable for exiernal use.

6.13 MISCELLANEQUS CONTROL LOGIC

There are pieces of logic spread throughout the DCT11-EM that generate miscellaneous control signals.
The only signal that the miscellaneous control logic makes available to you is the signal RDY L, which,
when asserted, causes a single cycle slip. Note that the instaflation of the jumper disables the on-board
generation of RDY L.

6.14 KEYPAD/LEDS

The keypad/LEDs combination communicates with the rest of the DCTI11-EM through the 8255A
parallel port peripheral chip (sec Paragraph 6.5.1). Note that the lower four bits of port C ar¢ decoded and
are used to drive the LED anodes and keypad simultancously. These lines are asserted sequentially in
response to the INTA interrupt request.

6.15 HALT AND INT SWITCHES

The operaton of the HALT and INT switches is explained in Paragraphs 3.9 and 3.10, respectively. To
summarize, pressing the HALT switch asserts the HALT signal which restarts the keypad monitor and
unconditionally stops whatever operation was in progress. Pressing the INT switch asserts the PF signal
which causes a power-fail interrupt., Power-fail interrupts have no effect unless you write a service routine
(vectored by location 24) to handle the interrupts.

Both HALT and PF are available to you via the 60-pin expansion connector.
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6.16 CONNECTORS

There are four male connectors on the DCT11-EM as follows.

Connectfor

N
J2
J3
J4

Number
of Pins

60

4
25
25

Function

Connector for expansion hardware
Power supply connector

Auxiliary serial line

Console serial line

J1, J3, and J4 are all standard size connectors. J2 is the connector you assembled when you installed the

DCTI11-EM.

The pin assignments of these connectors are listed in Table 6-3.

Table 6-3 DCT11-EM Connector Pin Assignments

60-Pin Connector for Expansion Hardware (J1) (see Figure 6-3)

Pin Signal

Number Name Description

( ADOO H AD<135:00> is the buffered version of DAL<15:00>, the bidirectional mul-

2 ADOt H tiptexcd data/address lines of the DCTI11-AA.

3 ADO2 H

4 ADJ3 H

5 ADO4 H

6 ADOS H

7 ADO6 H

8 ADO7 H

9 ADOE H

Y ADOS H

I ADIOH

12 ADIT H

13 ADIZ H

14 ADI3 H

15 ADI4 H

16 ADISH

17 AlO H Al<T:0> is the buffered version of the DCT11-AA’s Al<7:0> address interrupt

18 All H lines. Qutput only. During DMA transactions, these lines are set to the high

19 Al2H impedance state.

20 A3 H

21 Al4 H

22 AlS H

23 Al6 H

24 Al7TH

25 GND

26 RESET L Buffered control signal. Output only. Corresponds to the DCT11-AA’s —BCLR
signal.

27 PBO H PB<7:0= are the bidirectional port B lines of the 8255A parallel port chip.

28 PBI H

29 PB2 H

30 PBIH

3l PB4 H

32 PB5 H

33 PB6 H

34 PB7 H

35 HALT L Asserted when HALT switch is pressed. Open collector.
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Table 6-3 DCT11-EM Connector Pin Assignments (Cont)

60-Pin Connector for Expansion Hardware (J1) (see Figure 6-3)

Pin Signal

Number Name Description

36 PFL Asserted when INT switch is pressed. Open collector.

37 DMR L External DMA request line. Input only.

38 INTB L External interrupt request [ine. Input only.

39 VEC L. External vector request line. Input only.

40 PIH Buffered control signal. Corresponds to the DCT11-AA’s Pl signal. Quiput only.

4] GND

42 ARDOZ H Decoding signal for the address range 040000-057777. Qutput only.

43 ARDO3 H Decoding signal for the address range 060000-077777. Output only.

44 ARDI7T L Decoding signal for the address range 166060-177777. Output only.

43 [ACK L Buffered control signal. Interrupt acknowledge. Qutput only.

46 DMG L Buffered control signal. DMA acknowledge. Qutput only.

47 SELI H Buffered control signal. Corresponds to DCT11-AA's SEL| signal. Output only.

48 SELO H Buffered control signal. Corresponds to DCT11-AA’s SELO signal. Output only.

49 WLB L Buffered control signal. Corresponds to DCT11-AA’s R/—~WLB signal. Set to
high impedance state during DMA. Input or output,

50 WHB L Buffered control signal. Corresponds to DCT11-AA’s R/—WHB signal. Set to
high impedance state during DMA. Input or output.

51 GND

52 RAS L Buffered control signal. Corresponds to DCTII-AA’s —RAS signat. Output
only.

53 GND

54 CAS L Buffered control signal. Corresponds to DCT11-AA's —CAS signal. Output only.

55 GND

56 DBIN L Buffered control signal. Read enable line. Output only.

57 GND

58 COUT H Buffered control signal, Corresponds to DCTI1-AA’s COUT signal. Output
only.

59 GND

60 RDY L Causes single cycle stip when asserted. Open collector.
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Table 6-3 DCTI11-EM Connector Pin Assignments (Cont)

Power Supply Connector (J2)

Pin Signal

Number Name Description
| +12VDC Power signal
2 +5vDC Powcr signal
3 GND

4 —-12vhC Power signal

Auxiliary Serial Line Connector (J3)

Pin Signal

Number Name Description

1 FGND Frame ground
2 PCSO Serial data out
3 PCSI Serial data in
4 PRTS Request to send
5 PCTS Clear 10 send
& PDSR Data set ready
7 GND Signal ground
8 - Not used

9 - Not used

10 - Not used

11 - Not used

12 - Not used

13 - Not used

14 - Not used

13 - Not used

16 - Not used

17 - Not used

1% - Not used

19 - Not used

20 PDTR Data terminal ready
21 - Not used

22 - Not used

23 - Not used

24 - Not used

25 - Not used
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Table 6-3 DCT11-EM Connector Pin Assignments (Cont)

Console Serial Line Connector {(J4)

Pin Signal
Number Name Description
1 FGND Frame ground
2 DLSO Scrial data out
3 DLSI Serial data in
4 RTS Request to send (always ON)
5 - Not used
6 - Not used
7 GND Signal ground
8 - Not used
9 - Not used
10 - Not nsed
11 - Not used
12 - Not used
13 - Mot used
14 - Not used
15 - Not used
16 - Not used
17 - Not used
8 - Not used
19 - Not used
20 DTR Data terminal ready {always ON)
21 - Not used
22 - Not used
23 - Not used
24 - Not used
25 - Not used
59 57 55 53 51 43 47 45 43 41 39 37 35 33 31 29 27 25 g3 21 19 17 15 13 1° 9 7 § 3 1
olglgle(2 (2|8 5 (al2(a(2 (B (3(R(2(3 (5505 5(5(5(8 h|515(8\2
sis|sjs|sle|=|R|(g|5|2|5i5]|° ~ aII;’I;;amm§§§
I - ‘:‘:’ o I B tlz|z|x|l x|zl z]| =
AEHHHEREBHBEHEHE BB BHE
= z(a 2 s16 218 (1T (= | ; ;‘ T ; % rjiz(zlz|[of(eofj>(a8|S]|F]af=
= |~ -1z |- : : - - r|lx|z|zx|zxz| x|z

2

o
E
IS

60 58 56 54 52 50 48 46 44 42 40 I8 36 34 32 30 28 26 24 22 20 18 18 14 12 10

PC BDARD
Figure 6-3 60-Pin Connector Pin Assignments A 1035

6.17 HARDWARE EXPANSION - EXAMPLE
I you plan to develop and run large programs, one of the first expansion hardware circuits you may want
to build is a memory module. Figure 6-4 shows a design for a 16 KB module.

The module responds to addresses 040000 through 077777, The address range decoding signals, ARDO02
H and ARDO3 H, are used to enable the module.

Note that the signal names on connector J1 of the memory module are in the opposite order as those
shown on connector J1 of the DCT11-EM. This scheme eliminates the need to twist the interconnecting
cable.
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NOTE: CONNECT A .047 uF CAPACITOR BETWEEN +5 V AND GROUND FOR EACH IC.

Figure 6-4

16 KB Memory Module
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ARD 2 L 19
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36
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§ THIS GOFTMARE IS FURNISHED UNDER A LICENSE a4D MAY BE UBED aHD COPIT
} DMLY IN ACCORDANCE WITH THE TERMS OF GUCR LICENSE AND UITH THE
# INCLUSION OF THE AROVE COPYRIGHT NDTICE, THIS SOFTWARE OR ANY OTHER
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# OTHER PERSON, RO TITLE TO AND OWHERSHIF OF THE SDFTWARE IS HERERY
i TRANSFERRED.
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# THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHAWGE BITHOUT NOTICE
§ AND SHOULD NOT BE CONSTRUED AS A COMNITMENT BY DIGITAL EOUIPHENT

# CORPORATION,

!
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i SCFTWARE ON EQUIPNENT WHICH IS NOT SUPPLIED BY DIGITAL,
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- REIL - S, T S C

000000
000001
006002
0000063
000004
§00005
000004
060007

000024
000060
00064
000120
000124
900100

000104
000140

177440
177542

177442
177444

177544
177444

177550
177450
177552
177452

177560
177542
177564
177366

JJITLE T-11 Evaluation Hodule Homitor
+IBENT  /00,001/
+SETTL Definitions

RO =10 ifedisters

Ri =11

R2 =x2

R3 =13

R4 =14

RS =%3

SP =14

PC =17

PFVEC  ==024 irower fail vectorr called by INT butten
CONIN  ==040 iTLART receiver interrurt vector

CORGUT  ==044 $DLART tramsaitter interrupt vector
AUXIN  ==120 18251 receiver interrust vector

AUXOLT ==124 18251 transaitter intesrurt vector
USERIYV  ==100 runcosalited interrurt vector

LEBIV  ==j04 $LED diserlay intersurl vecior

CONBRY  ==140 +OLART bireak interrurt vector

P$PORA ==177440 18295 rort A (write only)

PSPORI  ==177542 seort B (read only) available to user
P$PORO  ==177442 srart B {write only) available to usep
PSPORC  ==177444 teort © (weite only) comtrols kits 3-0
P$PORD  ==177344 irart C {read only) reads bits 7-4
P$CREG ==177444 18255 cosmend register {write onls)
ASRBUF  ==177330 +8251 receiver dals buffer (read only)
ASYBUF  ==177450 38251 transaitter data buffer twrite only)
A$SREE ==1775G2 18251 status redister (resd onlw)

ASCREG ==1774%2 18251 commsnd resister (write only)
C$RCSR  ==177560 fDLART receiver command/siatus redister
CSRRUF ==177562 10LART receiver data buffer

C$XCSR  ==177564 s[LART transeitter command/status register
C4XBUF  ==177366 iDLART transmitter date buffer
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Befinitions

gwwi-‘r-ﬁi-o-o-b-—p--—
WD T e e BN s o LD g D L B e RO

[N N)
el DD

Gk fad B B opd B ta
Hoﬁﬂmub\ﬁb

b Gad Ly
o Lad D

Cad Cod Cod
%&‘H’&U‘l

g
=4
E=J

006500
007320

006500

¢07324
007325
000001
000004
000010
000020

007326
w7327
000001
000002
000004
400010

007330
007331
000002

G04000
000100

000200
007332

007333

SCRPDI
TBLTOP

SUR

«SBTTL Seratehrad locations in hish RAN

+ASELT

]
Ll

6500
SCRPD1+420

6300

17000 ibottom of default console monitar scrater
sdefault suabol table--6&. swmbol caracity
itor of sumbel tabler 2 words of rame scratch

i TBLTOP-<66. 14>

jconsole aonitor fladg bule rpairs--must start at even address

LINFLG
LASLIN

CURCOM
LAGCON

THPHOD
PERNOD

EXPFLG

LEVEL

F+ABS
FNT
F+ INST

F.BYTN

1]
]

TBLTOP#4
LINFLG+1
=001
2004
=010
=020

LASLINH
CURCON+]
=001
=002
=004
=010

LASCON+H
THPMDD4 1
=042
=C4003010>
=100

=200
PERKODH L

EXPFLGH

A-4

7flads related to parsind of whole lines
isaved flads from previous line
t#line contained STEF command

sline is {functionally? emptly
jue have saved exrr for double param cosmands
fwe 3Te in 3 coament» igngre characters

icurrent commznd flads

isaved flags from previous comeand

#was an instruction snesonic

ian undefined swabol or direclive

jexeression doesn’t contain undefined sushols
twas 3 user definad syabol or label

icurrent output sode flads
irermanent outrut mode flads
iabsolute valuesy not suabelic cubrut
ivt. apde on or off
iinstruction outrut
#if neither ASCII nor imstructions then numeric

tbute mode

icurrent expression flads

searenthesis level in expression
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Sceatehrad locations in high RAM

-
SO BT S O L B e PO e

—
-

B R P BY OAS B e b e d e pud el bwe
N e G P D DO S DL e G B

3
o~

o i Lok Ed ]

»

007334

007334

007340
007341

007342
007343

007344

007245

007344

007400
007482

007462
067464
007446
007470
007630
007631
007432
007672
007673
000200
000100

fother variables!

ADVADR

SAVEXP

COUNTL
COUNT2

HODE
OPERAT

ENTLC

DELIM

BOTTEN

SCRPAD
STACK

TBLBOT
KFB251
REPEAT
BUFFER
B

P
HOSTBF
HFP
HSTFLG

= LEVEL41 jdug to the varied uses of this locationr s

icomplete list is in orderi

iDOCRY  When dumeing locations in resronse Yo a <CR>v the next address
i atter that which has been dusred is saved in case the next

H cosnand line reauests another dumr, The value of ADVADR need

i only be kert intact belween two successive emrty command lines.
i$.BYTE» $.WORD, GETINSy subroutines of BETING:

i These routines use ADVADR as @ running coeg of the current

H addeess. The current addressy 2s stored in BH$ADDR, must not

H be changed as successive values are derosited into RAN by 3

§ single instruction or directiver because this would alier the

i value of the dot (.) susbol {current location reference).
iDOSYMBiuses ADVADR to save R2: which roints to the name to be defineds
E while the value to be eguated is parsed, The value saved in

H R2 is an index ta the name on the left of the eausls sidn if

i the name is one of the rredefined suyabols or a user swebol that
i has alreadu been defined.

$TYPREGIuses ADVADR as a rointer to the list of registers fo be tured.
JEFND!  uses ADVADR to save the urrer segrch range limit befare rarsing
¥ the value and mask rarameters,

== ADYAIRY2 reaved expr value for double rarameler comwsnds
== SAVESPY2 tcounter for ueeer level routines
== COUNTLH) icounter for lower level routines
== COUNTZ41 iaddressingd sode scratch--must be even address
== NODE+} isave greratgr here in expressions
== OPERAT41 JCNTLC<O> set to 1 when console tures T acd
iFAPPL is sety meaning thai the
icurrently running rrodraw has @ "C handler
== CNTLCHL jthe (ASCIT directive stores the delimiter here
inow at 73440 bottoa of console sonitor stack
== DELIK#E tcopsele soniter has I8 word stach
INOTE! interruris need ue to 11 stack Jocations
== BOTTONY32 fnow at 7400+ bottow of keurad monitor scrateh
== SCRPADHAZ 123 word stack for kewrad monitor
= STACK irointer to bottom of sumbol table srace in use
= STACK ¢ 2 8251 mode flads
=z STACK + 4 sconsole monitor cossand line rereat countesr
== REPEATH2 1946 character console line input buffer
== BUFFER+140 ibuffer back sointers must be even address
== RBP4t tbutfer forward rointers must follow BP
==z FFi1 132 character host input buffer
== HOSTRF +40 tbuffer forward rointer
== HFP41 thast fladgs
F.LOAD =20¢ il = taking insput from host
F.LDST =100 i1 = looking for .START to bedin loading
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Seratchead locations in hish R&M

%
37
80
61
62
63
64
43
b
67
48
49
0
7l
72
73
74
75
76
77
78
79
8o
81
B2
81
B4
85
86
87
g8
CE
90
91
72
93
M
93
?¢
97
98
ki)
100
101
102
163
104
165
106
197
108

G00001

007474
007678
{07760
007702
007704
007708
000001
000002
GCo004
000010
000020
000040
000100
400200
000400
001000
002000
004006
010000
920000
040000
100000

002710
000002
000010
000020
000040
§00200

007711
007712

007724
007730

007732
007734
0077346
007740
007742
007744
007744
007750
007732
007754
007754
607760

PHRFYS
KEYPIV
REYPYS
USERVS
DEBNCE
FLABSE

CONFLG

AUXFLG
SEGBUF

SPCLAF
TIME

$RO
$R1
$R2
$R3
$R4
SRS
5P
$FC
$FS
$WATCH
$ADIR
BRKFIL

F.5T0P
F.CPBO
F.CPB1
F.CPB2
Foaédx

L T O [ T}
oo mow N

=001

HSTFLGH
PURFYSE2
KEVPIV2
KEYPYSH]
USERVS+?
DEBNCE:
=000001
=000002
=000004
=000010
2000020
2000040
2000100
000200
=000400
=001000
<002000
=004000
=010000
=020000
=040000
2100600

FLAGSI42
=002
=010
=020
=040
=200

CONFLG41
AUXFLG+]

SEGRUF +14
SPCLBFH2

TIHES2
$RO+2
$R1$2
$R242
$R3$2
$Ri+2
$R542
$5P+2
$FLE2
$P5H2
SWATCHEZ
$ABDRE2

A-6

i1 = idnoring mescage from host (bste bhucket)

ysave user’s rower fail vector here

shegpress service veclor

ycave uyser’s kewrress vector here

isave user’s interrurt vector here

jkewrad debounce resister

iflag bitsr defined as follows

i1 = dats entry mode

31 = numeric key sressed after orenins location
i1 = address eniry mode

i1 = redister selection mode

i1 = breskroint selection nade

i1 = special function selection mode

i1 = executing user code

71 = sindle sterring

i1 = breakroints active {installed}

i1 = currently sterping over 3 breskrolnt
i1 = running console monitor

t1 = zceerting console comkands from bolh sorts
#1 = running erodram with °C handler

il = erint address break roint i3 =t

i1 = aonitor scratch protection disabled

non

i1 = consele eonitor PASS] wode active
joorsole line Tlagsr sust be even address
jcontrol S eressedr axecution susrended
irrodaragsable haud rate stored here

jaux port sode word bit<d>r selects 14X or 54X

icora of what has been written to ASCREG

36 word sedment data buffer for LED disrlavs
shigh bute for ueser diselass low for louer

il word buffer for special 2 character diselay
tuprer & bits cound 40 secandsy lower 10 count,
reighthundredths of seconds

ysave user context here

iwatcheoint address
icurrent address
ifile of four breskroint addressecontents pairs
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Scratchead locations in high RéM

93~ o~ O e U T3 e

-3

10

i

12

13 133000
14 133002
15 133004
16 133010
17 133012
18 133014
19 133020
20 133024
21 133030
2

23 133032
24 133038
25 133040
26 133044
27 133044
28 133052
29 133054
30 133062
31 133064
32 133070
33 133072
M 133100
35

36 133102
713104
38 133110
39 133116
40 133122
i

42 113124
43 133130
44 113132
43 133140
46

47 133142
4B 133146
4% 133152
50 133156
51 133140
57 133184
XS

54 133170
35 133172
56 133174
57

133000

010044
010144
113700
100375
G13700
100003
012700
004767
000437

042700
001454
120027
001454
120027
061461
132737
001407
120027
001345
142737
000433

120027
001004
152737
106427
004736

120027
002004
152737
000413

113701
042701
120127
103320
110061
105237

012601
012400
400002

177350
177562
000007
406510
177600
000003
000031
000002
000021

000002

000023
000002
000200
000017
0oooo1
007631
177400
000140

007470
007631

607710

007710

007710

007673

itt

WSBTTL Comsple Serial Line Suprort Routines

133000

¥ LINEIN answers console input interruprts and buffers the incoming characters.
i The characters "¢y "0y "0y "0y "5y and "Y and traered in this routine,

LINEIN:

it

b1 H

2%

i H

KoV

CHPB

BISB
BR

HOVB
BIE

CHPR
BHIS
KOVR
INCB

MoV
Hov
RTI

RO+ {SF) irreserve sowe redisters for scratch
Ris~(SP}

PICSRCSRIRO iread console receiver status redister
i #in polled modes wait for & character
ICHRBUF RO sread conscle receiver

2% ino error bits set

$007,R0 sor errory outsut <BELL

PC,CHROL

7% $idnore character, condimue

¥1774600/R0 yelear a1l but 7 bits

4] #idnore ASCII nulls

RO $003 iis it "C?

[ iyes

RO 3031 ris it °Y?

74 14es

$F . STOR1@4CONFLG?are we waiting for 07

3% ino

ROV O 1is it "7

1% tnoy wait for one
#F,5TOP+BECONFLGIclear 75 flag

9% tidnore characters continue

RO, 4023 iis it 787

44 ing

#F.STOP, P4CONFLGIsat ~S flad te suseend execution
$200 iacceprt other interrurts while susrended
i juait for "0

RO»#017 iis 14 °07

as )

#F,BYTRyBHSTFLG turn on host line bute bucket

9%

@3FPRI taet buffer insut rointer
$177400,R1 irrevent sign exterd

R1y#140 iis buffer full? (94 characters?
5% yuesy send <RELL:

RO;BUFFER(RLY  inos store character

B3FP iadvance reinter

(5F)+:R1 irestore redisters

(SP) 4RO

tand continue

A-7
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Console Serial Lire Suergrt Routines

58 133174 032737 030000 007704 48! RIT ¥ APPLEF  TRAS+@#FLAGS] istor on "CY

3% 133204 001404 REQ 7% syesy mot running Frograa wilth °C handler
6¢ 133206 132737 Q00001 007344 RISk 1) G4CNTLC inas Just set flas for aeelication rrodran
&1 133214 000745 BR 2] iand return

&2

43 133216 012700 054534 i B Hoy £400%13141365R0 i°C and Y terminate execution

&4 133222 004757 000302 JSK PCsCHRBUT ityre 7Y

65 133226 042737 000300 (07704 BIC #F . USER4F .SSTSBEFLAGS]  iclear user pragdram flass

46 133234 000147 004330 N, SHONIT ireaove breskrolintsy enter monitar
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Console Serial Line Susrart Routines

i

2

3 it

4 H GETLIN »romrts for a line froa the conseler and returns with the line in

3 i RBUFFER and R3 cleared. Upon entryr BF chould imde: the buffer rosition

& i Just bewand the last character rreviously taken from the buffer €if Lureshead
7 ¥ characters are desired), To throw awsy the tureshead characters: set BF ani
B i FP to zero.

9 H The characters tured on the console (snd any earlier tureshead characters)
10 H are echoed to the console following the rromets *+ ", Note that the ECHD

11 § routiner which was srecizlized for use with moritor command inrut» echoes
12 ; control characters as ""“<charscter: until 3 semicolon 1s found on the line.
13 i Control characters to the right of 3 semicolon {i.e. within 3 *commant') are
14 H echoed invisibly so that the user ran echo control seamuence: o the consels
15 i terainal,

1é '

17 ¥ tses) BF Index to BUFFER location Just bewond last feiched character
i8 H {which is the location that contains the first characler in
19 i the new line)

20 ¥

21 ¥ Returns!

22 i BP Cleared

23 H R3 Cleared

24 h BUFFER Locations indexed by entry value of BF through the end of the
) i bufter rerlace rontents of locations at the bediening of the
24 H buffer

27 H FF Addusted to index: the new next available locstion in the buffer
28 i--

29

30 133240 103037 007324 GETLINIIELRE  @4LINFLG ireset line parsing flads for new line

31 133244 004747 000200 J8R PC+PURGE frurde bottom of buffery clear running pointer
32

33 133250 004747 000250 itH J5R FCsCRLF #start & new line

34 133234 012700 020074 MoV $40020401076:R0 iture > {SRACE>

35 133250 004747 000244 JSR PC»CHROUT

35 133268 123701 (07633 24 (PR B#FP.R3 isee if o character has been tuped

37 133270 001775 BEG 2% gy Wit for one

38 133272 004747 000444 JSK PC+ECHE iecho character to console

39 133276 126327 097467 000015 CHPB BUFFER-1(R3)s#015 iis last character a <CRY?

40 133304 001347 BNE 2% oy wait far one

41 133306 105037 007324 CLER  P4LINFLG iteset line flags from ECHO

42 133312 005003 CLK R3 isel rupning pointer to bedinnind of line

43 133314 000207 RTS FC ireturn to raller
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~0

10
1
12
13
14
15
14
17
18
1% 133318
20 133322
21 13334
22 133330
23 133332
24 133334
25 133340
26 133344
27 133344
28 133350
29 133352
30
3 133354
12 1313360
33 133342
34 133346
75 13337¢
36 133374
37 133374
38 133400
39 133402
40 133404
41

116300 007470
005203
120027
103423
120027
001433
126027
101003
000270
060241

000207

000011
000040

000014

120027
103407
120027
101004
{62700
000261
000481
000241

000250
000207

000141

000172

000040

it
.
1
N
'
.
)
s
'
P
i
.
]
.
'
’
1
.
i
¥
#
H

e

GETCH: i WOVE

P H

HACRO V05,00 Sunday 11-Mar-83 04110 Fage 7

GETCH retrieves characters frow the input buffer using RI as s index.

The character is erlaced in the lewer 7 bits of RQ. Lower case cheracterc
are folded to urrer case. The N flag is cet if the character is 3 serarator
{sr3cer horizontal tab. vertical taby line feedr or fors feed) and the C flag
is set if the character has beer folded. Uron entruy £3 aust indew 2 bute
within the console inrut buffer (R3 £ 140 octal or %4. decimsl}.

Usest RIT Index to next character in console ineul buffer {BUFFER)
Returns?
RO Contains character fetched from BUFFER in lower 7 bils
upper bits cleared
f3 Set to rrevious value + §
N See comsents shove
BUFFER(R3}:R0  tyess det a character--bit 7 should be clear

INC R3
CHPB  RO,$011 iis 1t less than <TAB:?
BLD I +9es, not 3 serarator
CHPR  RO+$040 iis it 3 space?
BEQ 2 iyess 3 serarator
CHPB RO,3014 315 14 <FF> ar lower?
BHI 4% iror check for lower case
SEN iflag 3 seearator
cLe
RTS PL
CNFE  RO:#141 tis it lower case 'a"?
BLD ki ] inos don't fold
CHPB ROr172 iis it lower case *z'?
LIH i a0y don’t feld
Stk 040,k ifold to urrer case
SEC iflag tolded character
BR 5%
£Le itlag 3 noreal character
ELN
(344 PC
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Console Serial Line Suerort Routines

O S O T b Ll PO

14

15 133406 005303

16 133410 000742

17

18

19 133412 004767 177700
20 133416 103002

21 133420 062700 000040
22 133424 000207

23

24

pe]

2

27

2

2

30

31 133426 004767 177664
32 133432 100775

33 133434 000207

3

s

3

37

38

3

40

41

42

4

a4

45

4%

47

48 133436 113703 007530
A9 133442 042703 177400
S0 133444 000207

51

JENABL LSH
itt
i GETLCH recovers the most recently dotten character.
y
H Usesd R3 Index to location in BUFFER Just bewond character to be
i returned
§
i Returns:
i R3 Eauzl to rrevious value
H RO Contains fetched charactier in lower 7 bits: uprer bits cleared

#:C (See header of GETCH routine)

. -

BETLEH? IBEC R3
BR GETCH

{GETCHE is like GETCH excert it doesn’t fold lower caze.
GETCHC: : JSR PCYGETCH
pi H BCE 14

ADD $040/R0
it i RTS PC

GETNXT is like GETCH excert it doesn’t return serarators,

{See usade inforsation of GETCH)

GETHXT:3JSR PCsBETCH

Bl GETNXT
RTS FC
+DSABL LSH

GETBP slaces the back pointer in RI and prevents sidn extension. This is
useful to refetch charscters from & line {(providing BP still indexes the
bedinning of the line).

tises! BP Index to be transferred to K2
Returnsi

R3 Contains value in BF

GETBP:: WOVB  PHBP.R3
BIC $177400,R3
RTS PC

A-10
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Conscle Serial Line Surrort Routines

[- =BV - SR A B 2 I

~

10
11
12
13
14

15
16

17 133450
18 133452
19 133456
20 133462
21 133464
22 133470
23 133472
24 133500
25 133502
26 133504
27
28 133506
29 133512
30 133516
31 133520
32 133522
1
34
35
36
37
1
k(]
)
#

106748
106427
04767
005000
120337
103004
114360
405200
005203
00747

110037
105037
005003
106426
000267

000340
177794

607631

007470

007431
007630

42 133524 012700 005015

43

07474

it

'

i

i

§

H Uses!

f

i

'

H Returns!

¥

i

¥

;__

PURGE:: MFPS
NIPS
JSR
CLR

i 1 TR
BHIS
Ve
INC
INC
BR

I H MOVE
CLRB
CLR
NTPS
RTS

itt

H CRLF sends

¥

i Returns:

i

;.._

CREFIY MOV

PURGE shifis the ineul buffer to eliwinsle srace below BP+ the back rointer.
Console inpud interruets are blocked while the shift is occurringd, R3I» the
running eointer: is cleared.

BF Index of firs! locabion to be kert in conscle ineul buffer
{Locations below BUFFERH[BF] are overwritten)

FP Index of tirst unused location in BUFFER

BP Cleared

R3 Cleared

P Indexes new Tirst unused location in RUFFER

-{SF) isave priority

$340 idisable interrupts tempararily

FCyGETBP 1%et back pointer

RO iaske 2 rointer to the bottom of the buffer

R BHFP ihas entire buffer been transterred?

13 LT

BUFFERIRI)»BUFFER(RD}  itransfer a character

RO

R3

i ]

ROy 24FF ifix forward rointers

e4RP iback pointer,

R3 tand running pointer

{SP)+ irestore rriority

FC

3 carriade return and line feed {0 the console [and srinteri,

RO

Contains garbage (400 £ 15 + 1D}

$400%0124015:R0 $<CR>y <LF>
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Console Serial Line Surrart Routinec
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13 133530
14 133034
15 133534
16

17 133540
18 133544
19 133544
20 133552
21 133554
22 133562
23 133564
24 133570
2% 133572
26 133574
27 133600
28 133606
29 133812
30 133620
31 133822
32 133624
3

0047467
105700
001431

105737
100375
110037
00423
132737
001774
105737
000240
106746
104427
12737
110037
113737
106426
$00300
000297

000004

177564
177566
000004 177552
177332
000340
000047 177452

177430
60771 177452

CHROUT outputs the lower bute of RO to the consoler and to the aun port
if the printer rort bit is set, If the yerer bule of RO is non-zerer

it s also senl o the rortls), CHROY sutruts only the lower bule of RO,
ar] CHRO2 can be used to outeut 3 character to the aux., part only,

Uses:

+ENABL

CHROUT::

CHRO

CHROZ

it H

TSTR
RED

1 TSTR
BPL
HOVR
BR

i+ BITB
BEQ
TSTR
NOF
HFPS
KTPS
HOVEB
NbVD
HOVE
NTFS
SWAD
RTS
+DSABL

RO Lower byte cantains first ASCII character to be outeut
Uppar bute contains zers or second character to be puteut

LSE
PCCHROS routeut lower half of RO
RO tis there 2 second character?
14 H]
BHCSACSR icheck console trancmitter status redister
CHROL iwgit until tronsmitter ready bil is sel
ROsRECSXBUF sthen outeut a characler
1% tnpr done
$004,84A045RE0  3is aun port iranseitler esply?
CHROZ ingr wait until it is
B#ASSREG #i5 DSR active?
irlaceholder for above line
-(5P) +save priority
3140 fblock interrupts while we

$047,94A4CREG  ienable aux port transmitter

ROy @EASXBUF ioutput 3 character

PAUXFLG s GRASCREE Frestore erevious sux rort cowmand word
(SP)+ srectore priopity

RO

PC

LSE
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Cansale Serial Line Suerort Roulines

1

2 LSBTTL Gemeral I/Q Surport Routines

k¢

4 1+t

S i ASCOUT outeuts the charzcter in RO to the eortis) if it 1s not a3 control
] i character. If sor the special seauences '"A' through *".* are sent with
7 i exceprtions <SP>y <ESC>y and <DEL>,

8 H

9 i Uses! RO Lower 7 bits contain character Lo be rrinted
10 H

11 i Returns:

12 H RO fontains garbage

13 -

14

15 133628 042700 177600 ASCOUT: $BIC $177600/R0 imake RO a 7-bit character
16 133632 120027 000177 CNPE RO+ #177 iis it delete?

17 133636 001413 BEQ 14 jvesy turp <{DEL>

18 133540 120027 000040 L¥PB RO#040 +is 1t control?

1% 133644 101331 BHI CHROUT inor ture it norasily

20 133646 001414 BEQ 5% je3ke spaces visible

21 1334650 120027 00033 CHPE  RO:#033 1is it escare?

22 133654 001422 Bed bt iyess tyre ESCH

23 133656 000300 SWAR RO inor tupe "(letter)

24 133640 062700 040135 AlD $40021004136,R0 imake it second character after *"*
25 133644 000721 BR CHROUT iand tupe 1t

24
27 133646 012700 042074 13 HOV H400X1044074)RD sture <D
28 133672 004747 177432 JSR PC2CHROUT
2% 133474 012700 044105 KOV $400%1144105,R0 iture EL

30 133702 000415 ER 4%
3
32 133704 012700 051474 61 H MOV HO0XI234070 R0 $ture <S

I3 133710 004757 177414 J5R PE+CHROUT
34 133714 012700 037120 Hov $40030764120)R0 itype P>

35 133720 Q00702 BR CHROUY
k7'
37 133722 012700 Q42474 ki o NOY FAO0T10540745R0 jture <E

3B 133726 004767 177576 JER FC+CHROUT
3y 133732 Q12700 041523 #oY $400310741 23,80 slyre SO

A0 133736 Q04747 177546 4%} J5R #C+CHROUT
41 133742 012700 000074 HOY $0741R) ityre >

42 133746 000470 BR CHROUT
43

A-13
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General I/0 Suerort Routines

1

2 it

1 i PRINTA =rints an ASCIE strins rointed to by Ki. The string myst end with s
4 H blank bute.

5 i

4 i Uses? RE Paints to string of butes to be srinted

7 i

8 H Returns:

? # Rl Foints ta bute Just bevond first bute in string containing zero
10 y--

1

12 JEMABL LGB

13 133750 Q047467 177544 ItH JSR PC+CHROL

14 133794 112100 PRINTAL IROVE {R114sR0 sdet a character froa string

15 133756 001374 RNE 1% ierint It

16 133760 000207 RTS FC

17 DSABL  LSE

18

A-14
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General [/0 Suprort Roulines

o bt s bt e bk pma bA b
OO s O A e AR e SO O ] O LN ke e PO e

~ R RS
M) O

3
W

24 133762
25 133746
26 133770
27 133772
28

29

30 133774
3t 13377
32 134002
3

34 134004
35 134010
3

37 134014
38 134016
39 134020
40 134024
A1 134026
42 134030
43 134034
44 134040
45 134042
4% 134044
47 134050
48 134052
A9 134054
50 134060

31 134062
52 134064

52
34 134072
35 134074
54
37 134100

004767
012201
001374
000297

012201
004767
g1220

004767
004767

005000
045200
162701
103374
005300

062701
Q04767

005700
001413
020027
103413
001415
020027
001413

062700
000167

012700
006773

062700

000016

040002

000004
(00000

003100

003160
200062

000033

000035

000022

177436

000040

600100

14

R1 by 40.

Uses!

Returns i

* oame WE s ME el SR e T i ES W e SR EE s W ms W

+ENABL
it H Jok
PRINTI: MOV
BNE
RIS
+DBABL

PRINT21IKDV
JSR
HOu

PRINT1I:.ISR
PRINT4! ISR

PRINT3::CLR
1% IHC
SUB
BCC
DEC
ADD
JSR
8T
BEQ
CHF
BLG
BEG
CHp
REQ

AR
48 JHP

24, o
BR

% AbD

PRINT outruls 2 radix-30 string rointed to by RZ. The string aust end with
a blank word,
PRINT1 outpuls & sinsle radix-5Q trirlet in RI.

PRINT? outlputs a rair of radix-%0 trirlets pointed to by R2, No terminator
is needed.

PRINTZ outruts the most significant radix-50 character in Rl and sultirlies

{PRINT3 is ralled J times b PRINTL.)

R2 Points to RADSO strind to be printed (PRINT)
Points to RADSO rair of words to be rrinted (FRINTZ)

Rl Contains RADSD trirlet to be erinted (FRINTI}
Contains RADSD cheracter to be srinted (PRINTI)

R2 Points to next word after blank word in RADSO strind (PRINT}
Points to word after the rair of words srinted (PRINT2)

Rl Containg zero (PRINT, PRINT1: PRINT2)
Contains {previous value of Ki> MOD' {408, X 40, (PRINTD)

£58

PCsPRINTL tture the trirlet

(R2)4:R1 iget 2 trirlet

% inot the end wet

PC

LSk

{R2)4sR1 iget a trirlet

PC/PRINTL Fture it

(R2)+:R1 iget another

PC)PRINT3 iture the first character

PL/PRINTI tand the second

RO ydivide by suecessive subtraction

RO

$301504R1 itry to subtract 1600,

1% iworkeds no borrow

RO itix RO

$50250,R1 jand R

PCeRIXSO rultisdy Rl by 30

RO

2% 10 weans srace

RO»#033 1932 weans 7

K} 1 1A throush 1

4 1033 means §

RO+3035 1035 is undefineds bul ture ¥

£l

#¥022)R0 #0 through ? and "."

CHROUT

$040,R0 ityre spare

113

$#1004R0 iR throudh 1
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General 1/0 Surrort Routines

5B 134104
59

60 114106
81 134112
82

&1 134114
&4 134120
45

b6 134122
&7 134124
68 134126
49 134130
70 134132
71 134134
72 134134
73 134140
74

000770

412700
000745

012700
000742

006301
006301
006301
010144
006301
$06301
062601
000207

000084

000052

44

L H

R1X40%3

ER

HEY
BE

HOV
BR

ASL
ASL
ASL
L
ASL
ASL
ADD
RTS

i

$044:R0
ot

$052,RY
bt

3]
R1
Ri
Fle-(SP)
R1
ki
(SP)+iR1
PC

ityre §

thure §

iaultirty K1 by B

icave 8 X

132 X
tFlus 8 X mekes 40 X
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General 1/0 Suerort Routines

—— et et b bk A et
O A el B s SO S O A e G RO W

18

1% 134142
20 134146
21 134152
22 134154
23 134160
24 134162
25 134143
26 134172
27 134174
28 134200
29 134202
30 134206
31 134210
32 134214
33 134214
34 134224
35 134232
36 134234
37 134240
38 134242
39 134244
440

41 134250
42 134252
43 134256
44 134242
43 134244
44

47 134266
48 134279
49

S50 134272
3l 134276
92 134302
33 134304
o4 134312
35

56 134314
37 134320

116300
120027
001847
120027
001002
012700
120027
201450
120027
001432
120027
001453
120027
001003
152737
132737
001006

§04747
100404

004767
000403

005203
004767
120337

103727
460207

005203
000207

004747

004767
004747

106427
000761

004747
004767

007470
000022

060030

600025
004025

000015
000177
008073

0bop20
000020

171152

177340

177252
007631

000172
060216
177130
200000

000150
172

007324
007324

-
-+

- e s e mb b o, wE we

- wr

- A ey

ECHO reads the line buffer as charscters zre tuped in and echoes thes

to the console (and erinters if selected). Conirol characters are echoed

as “(letter) excert wilhin comaents, LINFLG is used to record comeent status.
If ECHO encounters "Ry "“Us "Xr ar <DELETE>s it responds or sodifies Lhe line
tuffer accardingly, ECHO bedins echoind characters at the running sointer
{R3) and continues until R = FP or 2 <CR> iz foumd,

Uses: R3 Index to first character in BUFFER to be echoes
FF Index to end of dats in buffer

Returns;
R3 Index to location im BUFFER logically .Just beugnd last echoed
buyte (This means RI returns zero if "U or "X was the last
character in the buffers ete.)

ECHOY: MOVB  BUFFER(R3):RO0  #set character

i

HPE ROP022 }is it "R?

BEQ 14 fuasy relupe line

CHPR ROS$030 Fis ib X7

BNE I ino

MOV $025/R0 iagr "X to "U

CHFR  RE.$025 iis at "U?

BEQ i juess cancel line

CHPB  RO28015 fis 1% <CR>?

BEQ 17¢ jyess stop echoing characters
CHPE  RO+$177 sis it <DELETE:"?

BED L} juesy delete last character
CHPE  K0,#9073 iis it 2 semicolon

BNE 3 ino

BISE #F . CONN, PH_INFLG+uess show we are in & coswent
BITR  $F,COMN-B3LINFLGiare we in 2 comment?

ENE 7 vess echo cheracters literally

JSR FCoGETCHC

BHI 3]

JSR PC+ASCOUT ityre non-~rrintable characters visibly
5K 8

INC R3 sadvance tunnind Pointer

JSR FCsCHROUT ityre nor-rrintable characters as thes are
CMPB  RIJR¥FP thave we echoed everuthing?

BLD ECHO inos do sohe mOTE

RIS FC yuesy continue

INC R tstep mast <CR:-

RIS FC jand return

JSK PCy10% ¥SORME COANON rOde

J5R PCr15% tremave R from line

JSR PCyGETEP igo back to the bedinning

NIFS  #000 ttake characters 343in

BR BS 1and echo line

JER P, 108 FSONR CoaNon code

JSR PCrGETRF g0 bhack to the bottom of the buffer
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General 1/0 Supeart Routines

58 134324
59 134330
60 134334
81

62 134336
63 134342
64 134345
45 134352

86 134354
67 134336

68 134364
69 134344
70 134372
71 134374
72 134402
73 134404
74 134412
75 134416
74 134420
77 134424
78 134430
79 134434
80 134440
Bl 134444
82 134450
B3 134452
B4 134454
85 134462
Bb 134466
87

88 134470
89 134474
Q0 134500
91 134504
92 134510
93

¥4 134512
95 134514
96 134522
97 134524
98 134530
99 134532
100 134536

110337
106427
000297

007631
600000

106427
004747
120337
001443
005203
032767
001413
412700
004747
012700
004747
012700
004747
000410
012700
004747

116300
004747

114300
120027
001002
105037
004247
104427
000673

000200 4]
400144
007630

004000 052744 100%:
000010
177132
000040
177122
000010
177112
000134 20042
177100

007470
177164

007470
060073

2108

007324
000030 138
060000 2

106427
004747
004767
105037
060207

000200
177128
177020
067324

108!

110300
116040
005200
120037
103771
103337
000207

15¢;
007471 007470 144!
4074318

007431

HOVE
KPS
RTS

HTFS
JSR
ChPB
BEQ

DEC
BIT

BER
Hov
JER
HoY
JSR
Hov
JSR
BR
Hov
JSR
HOVE
JSR
HOVE
CHPR
BKRE
CLRE
JOR
HIPS
BR

HTRS
JSR
JSR
CLRE
RTS

MBVE
LY
INC
CHPB
BLO
peCE
RTS

R3104FP
$000
PL

$200
PEr15%
R3,B4BP
74

R3
#F VT TAFROD

200%

$10,R0
PCyCHROUT
$404R0
PC,CHROUT
$10+R0
PCCHROUT
210%

$134:R0
FCsCHROUT
BUFFER(RI):RE
PCyASCOUT
BUFFER(R3)RO
RO, 4073

13s

GHLINFLG
FCr15%

#000

84

$200
PCrASCOUT
PC/CRLF
PELINFLG
PC

RIRO

iindicate buffer epeis
siake characters ad3in
jwait for new characters

tdon’t tske characters while buffer is fixed
iremove SDELETE: from lines decrement FP

tis there anything to delete?

inor continue

sback ue to character to be deleted

jsee if video mode

ibranch if not
+send backspace

isend space
isend backsrace

jskip printer "\*
itupe "\'

jael deleted chatacter
itwre 1t
icheck if we deleted 2 '#"

tyesr 5o we aren’t in 3 comsent anzmore
rremove deleted character from buffer
itake characters again

iecho rest of line

idore’t take characters for & while
iecho the srecial charactar

istart @ new line

tinitialize flads

1qet 2 seratch corw of running rointer

BUFFER+1(RO) s BUFFER(RQ) iremov@ 1 cheoracter from buffer

RC
RO-84FF
16%
13
PC

A-18

115 that eversthing?
inor do aore
ifix FP



T-11 Evaluation Module Monitor MACR Y05.00 Sunday 13-Nar-83 04110 Pase 15
General 1/0 Suerort Routines

o~ o U B Gl R ome

~0

i0
11 134540

12 114542
13 134544
14 134530
15 134536
16 134540
17 134564
18 134544
19 134372
20 134574
21 134800
22 134602
23 134406
24 134610
25 134614
26 134520
27 134624
28 134624
29 134632
3¢ 134636
11 134642
32 134544
33 134452
34 134454
35 134440
36 134444
37 134470
38 134476
19

40 134700
41 134704
42 134714
43 13414
44 114722

A5 134726
46 134732
a7 134736
4B 134740
19 134742
50

010044
010146
113100
132737
001050
042700
001444
120027
001453
120027
001450
120027
001445
113701
042701
120127
103035
110081
105237
120127
103435
132737
001031
106444

-012700

004747
152737
000417

13701
052701
110137
113737
012700
104464
004767
012601

412400
006602

177550
000040

177600

000003
000031
000073

007472
177400

000040

007432
007472
000020

0006602

000006
£00023
176464
000002

007711
000020
1774%2
407711
000007

Q0000
174802

177352

607473

§07673

177452

JSBTTL Host Line Sureart Routines

HOSTIN answers aux, roTt receiver interrurls and buffers the incosing
characters in HOSTEF {ue to 32 cheracters), "%+ "Cs "5» and Y are idnored

coming from this rort,
a "8 is sent to the host,

HOSTIN: INOV

K H

14

Hv
HOVR
BITR

BHE
BIE

BEQ
CHPB
BEQ
CHPE
BER
CHFB
BEQ
HOVB
BIC
CheR
BHIS
HOVE
INCB
CHPR
BLO
RITR
BHE
HTPS
MOV
J5R
RISB
BR

MOVE
BIS

MOV
HOVE

HOV
NTPS
JSR
Hav
MoV
RTI

When the buffer becoses half-full (14 characters)s

Rs - (SF} jereserve some resisters for scrateh
Rls-(5P}

@444RBUF RO sdet the character: reset interrurt
$060,B448SREG  iframind or overrun error?

ki syess beep consoler and ignore characier
$177600:R0 sclear all bul 7 bits

is yignore ASEIT nulls

k01 $003 jignore "C

2%

RO»#031 iand 7Y

2

RO+ $023 jand "S so that host line trges the saae chars
24 tas console liner even thoush ldnared
BEHFP R yget the host buffer input roinier
$177400:R1 jerevent sign extend

RIr#40 7is buffer full?

a1 yuesy beer the consoles isgnore error
RO+HOSTRF(RY)  ings store character

P4HFF tadvance the pointer

R1:420 iis buffer half full?

1t ings ceturn

#F.STOP +BEHSTF LG have we zlready sent "3 o host?

1% juesr return

&(5F} irestore priprity in case another char cose: in
$023:R0 isend "5 to host

PL+CHRO2

§F.STOP»@#HSTFLG show we have done s0

14

24AUXFLERI iget saved cory of ASCREG

$20+R1 jadd the error reset bit

R1+8#ASCRED jrecet errors

FHAUXFLG s P#ASCREG irestore to normal

$0074R0 ibeer the console on error

4(5P) irestore priority in case znother char comes in
PE+CHREL

(SF141R1 irestore redisters

{SP)4:RO
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18

19 134744
20 134746
21 134752
27 134754
23 134740
24 134762
25 134770
2%

27 134772
28 134774
29 135000
30 135004
31 135006
32 135014
3 135016
L)

35 135020
36 135024
37 135026
8 135034

39 135034
40 135044

41 133046
42 135052
43 135054
44 135036
45 135050
46 135042
47 135066
4

4% 135674

005001
113744
005201
120137
103004
116168
000770

106744
106427
120137
103005
116161
005201
000770

105337
005000
123727
101005
132737
001402
01270¢
106426
112601
095700
001405
004767
142737

000207

47632

007672

007632

000340
007672

007632

007672

007472

000002

000021

176466
000002

007431

007631

000004

607473

007673

-
-+

e WAE m WY ey YR e e upe WE MR e M ws e A

HGETCH dets 2 character from the host ineul buffer and shifts the buffer dawn
one character, If the buffer is reduced frow 14 or mare characters to Just
four) a "% is sent to the host. Do npot call this routine if no characters
are available in HOBYBF (i.e. HFF = 0},

Uses) HFP Index Lo next available location in HOSTRF
F.STOP Status flag =1 if 3 "% has been sent to the host

Returns;
fil Lower bute contains the first character in HOSTEF: urrer bute
tontains sisn extension of bit 7
HFP Decresented to index new next available location in HOSTEF
F.STOP Cleared if "0 was sent
RO Contains sarbade

HGETCH: ELR 1

it H

24

b%:

KOVR  BEHOSTBF,-(SP} isave the first character in buffer

INC Rl

CHFE  RLs@$HFP igre ve too close for coafort?

PBHIS 3% tyesy disable interrurts before doind this ore
HOVR HOSTBF (R1) +HOSTRBF-1{R1) ishift{ down one character

BR is ido entire buffer ur to one less than HFF
MFPS  -(SF) $save rriority

HTPS #4140 $disable interrurts to rrevent screwups
CHPR  RIs@4HFP sare we really done?

BHIS 3% tyesy 3ll characters transferred

WOVE  HOSTRF (R1),HOSTBF-1(R1) ishift down one character

INC Rl

R 44

DECE  Q4KFP fadJdust buffer inrut rointer

CLR RO

CiPR FHHFP 84 thave we reduced to Just four characters?
BHI bt 3 5]

BITR  #F.STCP.@¥HSTFLGiand was ~5 sent?

BEG 2 ing

NOY #0214R0 frul "0 in RO

HTPS (5P irestore priority

NOVR  {SP)tsR1 irecover character

TST RO +did we decide to send "G?

BEQ & ing

JSR PCsCHROZ twesy send "0 to host

BICE  #F.STOP.@4HSTFLGishow we have done so

RYS PC

A-20
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o~ o WA B G N e

13
14 135076
17 135100
18 135106
19 135114
20 135120
21 135124
22 135124
23
24 135134
25 135142
26 135150
27 135154
28 135160
29 135166
30
3
32
3
14
35
36
7
38
19
40
41 135170
42 133172
43 135176
44 135200
45 135202
44 135204
47 135214
48 135222
49

000003
112737

112737
103037

105037
005000
112737

1237
132737
043700
110037
112737
000207

005000
105737
£00001
005200
004747
12737
12717
000207

000212

000010
177560

177564
000200

600100
000002
007454
177432
000020

007710

17774
000042
000042

177446
177444

177452

177452
007464

177452

177452
007711

LSBITL I/D Initialization and LED Driver

L e WE e mE ses b s s m
ey
-

-
L3
i

IGINIT: IRESET
HOVB

NOVR
CLRB

CLRR
SETAX2! CLR
SETAX1: HOVB

HOVE
3ISB
AllD
NGVB
NOVB
RTS

-
-

- e

e s we car ek

SETAUXL CLR
TSTB
BPL
INC
JER
MIvB
KOVE
RTS

or 64 if RO = 1,

$212/@4PSCREG
$010,@4PSFORC
@4CHRCSR

PHCHACSR
]
$200@4ASCREC

$100,@BAS$CREG
¥2:04HF 8251
B#HFB2515RO
RO+ B#ASCRES
F020, BHASCREG
FC

RO

2HCONFLE

13

%0

PC,SETAX]
$042,@4ASCREG
$042,04AUXFLE
PC

A-21

I0INIT asserts the RESET L line on the boards thereby clearing the
configuration of the rerirheral chies,
chirs Lo an idle state.

It then initializes the rerirheral

SETAXZ configures the aux, rort to geerate with

2 14X clocks so that its baud rate will be eausl to that of the consnle rort.
The R§-232 control outrul sidnale are left deasserteds and the au. rott
receiver and transeitter are left disabled.
that the clock divisor of the aux, rort is set to 15 if RO = O uron entryr
A 64X clock weans that the aux. port baud rate will be
one fourth of the console sort baud rate.

SETAXL is like SETAX2y excert

rdisable interrtups

iconfidure 8255 with rort B ac ineut

idisable LED disrlay

vdisable DLART receiver

idisable DLART transaitter

sindicate 14X clock for sux port

isend 3 harmlecs sade word to make sure next
sword is interereled a5 2 contrn] word o that
ithis control word puts us back to sode load
indke syre baude rates will match

fadd in mode byte incase user has charged aruthing
inoN initialize modes

ireset error fladss disable B23

SEYAUX reconfigures the aux. port to orerate with a 16X clock if bit 7 of
CONFLG = 0r or with 2 44X clock if bit 7 of LONFLG = 1.
receiver and transeitier are left disadbleds bul the RS-232 sontrol sidmals

reauest~to-send and data-terminzl-rezdy are asserted.
bute sent to the aux. rort is saved in AUXFLG for future referencer since

ASCREG is a write-only location.

The au:. rort

A cory of Lhe cossand

tis 64X clock currently selected?
inpr 18X cloek

1set aux rort baud rater disable
jcommang B251 to assert RTSy DRy and disable
isave 3 copy since ASCREG is wrile only
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000 N O A e e B e

1¢

11 135224
12 135224
13 13523
14 135234
15 13524
16 135244
17 135248
18 135252
19 135234
20 135262
21 135264
22 135272
23 133276
24 135302
25 135310
24

27 135314
28 135322
29 135330
30 135336
31 135342
2

012700
o270t
012720
012720
077105
012726
012720
012700
012720
012720
012720
012720
012737
005437

112737
142737
142737
105037
000207

Q00060
000014

135674
000346

137114
000340
000010
137234
400340
137174
000340
135344
007474

000016
000100

000100
177452

000104

177444
177560
177564

IOVECT initializes the interruert vectors at locations &0 &4 70y 74 442
130, and 134 to roint to an RTI instruction with eriority 7, [t then attaches
interrurt service routines for console nreakr invalid instructions break=oints
The mower fail vector it alsc zttached to an RTI
instructions with Priority &, The LED display hardware and both serizl sorts

rinitiatize 170 vectors and disable irterrurts
113 coded eriority vectors (2 not uced)

jset address element to rull service routine
jaet priority level Yo 7

sconnect console break routine
ferintits 7 for conscle bresk

reonnect invalid instruction trar
sconrect breakroint trar

sconnect LED diselay routine
idiscannect kewrress service vector

idisable LED diselas

+disable corsole receiver

idisable conznle transmitter

igisable auxiliary receiver and transmitier

1+

}

]

H

H and LED diselay refresh,

]

i are disabled.

;__

IOVECT::
MOy $#040+R0
LY #12.4R1

1$! M #SNULLT s (RO
Hov 4340, (RO
SOR RLs 1%
oy $BREAKS (RO
KoY #2340, (RO}
Hov $010: RO
KoV EITRAP (RO}
HOV $340, (RO
L $BRKPT ¢ (RO}
HoY $340: (RO)4
HOV $0ISPLAGHLEDIV
CiR B4KEYPLY

tnow disable interrurt harduare for ports
NOVE $010+P4F$PORC
BICE  #100,@4C$RCSK
BICk 100, @HCEXCSR
CLRE  94ASCREG
RIS PC

A-22
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S bk s d et A B B
SO A pe G B e DD D O A e e R

18

19 135344
20 1353%
21 135352
22 13534
23 135336
24 135362
25 135364

26 135370
27 135372
28 135400
2% 135406
3o 135412
31 135414
J2 135420
33 135422
3

35 135424

35 135432
37 135434

38 135440
3¢ 135444
40 135450
41 135452
A2 135454
43 135462
44 135484
45 135470
45 135474
47 135476
48 135502
49 135506
30 133510

91 135512
52 135514

33 135516
94 135524
3% 139524
36 135532
57 135554

005237
010046
010145
010246
013700
005100
032700
001016
042737
062737
013700
005100
032700
001002
005037

013700

042700
005300

016001
005737
001422
005001
032737
001015
015001
132706
001419
013702
132700
Mo10H1
000302

105002
040201
12737
006301
110137
000301
112737

007730

007730
0G1440
001777 007730
002000 007730
007730
170000
007730

007730
177770

007712

Q07726

001000 097730

135758
000004

007726
000002

000010 177444

177440

Q00007 177444

+ENABL  1SB

¥

i DISPLA is the LED refresh interruert service routine. 1% mullirlexes the

i cantents of SEGBUF to the LEDs throush earailel rort &+ and checks if a

i kevead kes has been rressed, [f 3 key hes been pressed and the value in

§ location REYFIV is not zeros then control will be transferred to the routine

} at [KEYPIV1 far interrurt driven keurad ineut. The kesrress routine at

i [KEYPIV] must restore R2s Rls and RO from the stack (in that order) before

i executing an RTI, Mote that if the contents of SPCLBF are nonzeros & flashing
i diselay of * xx will arpear in the LEDs instead of the contents of SCGRUF,
i Error®

i DISPLA also counts the nusber of times it has been called {vhich is determined
i by the hardware to be BOO times per secondr when display refresh is enabled)

H in the location TIME. The lower 10 bits of TINE count O throudh 79%.» and the
H urrer six bits count O throush 5%, seconds.

¥

BISPLAL S INC e4TINE tkeer 3 count of 800ths of seconds in TIHE
wov RO+~ (5P) irreserve redisters
KoV R1,~{SP)
#0V R2,-(SP)
KoV PETIHE RO jeprerare to check for overflow of 800ths
con RO
BIT #001440+R0
BNE 14 ing overflow

BIC $001777,84TINE  ioverflowr so clear BOOths
ADD $002000+@4TIKE fand 3dd 1 second

Hov B#TIHE,RO icheck if averflow east 40 secends
COM RO

BIT H170000:R0

BNE 14 sno overflow of seconde

CLR BTN syesr so clear the whole thind

14: HOv BTINE,RO
BIC $177770:R0 istrie RO to make it a multirlex address

ASL RO reake it 3 word index

Hov SEGBUF(ROY,RY  iset segmenl data for this digit pair

151 4SPULEF iis there z special error diselay?

BEQ 3% ing

CLR f1

BIT $001000,P4TINE itrue for aprrox. 1/3 of each second

BNE K} ] iflashind error nessader ng less

MOV ERRSEG(ROYsR1  i2et sedment data for * Error’

BITB  #004:R0 #1s this digit 7 or 37

BEQ 3 inos 50 no overlay on urrer diselay

Hov B4SPCLBF k2 1det overlay characters

BITE  #0004R0 #is this digit 3?7

BNE 4% ydigit I character is in uprer bute

SWAR R2 rswar for digit 2
4% CLRE  R2 isave only uprer diserlaw character

ADD R2:R1 jcosbine urrer and lower disrlay characters
ki Y HOVE  $050:P4PSPORC  #iurn off diserlawr enable ypeer diselaw laich

SWAR  RI idet uprer disrlay datz in lower bule

KOVE  Ris@4PSPORA routeul ueper diselay dats

SWAR Rl fhack to lower diselay data

NOVR 3007, PYPSPORC  idisplay still offs but usrer lalch closed

A-23
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58 135542
59 135546
60 133350
41 133532
62 135556
43 133560
54 135564
63 135510
66 135572
47 133576
68 135400
&% 135402
70 135404
71 135610
72 135812
73 135414
74 135620

75 135624
76

77 135824
78 135632
79 135634
80 133434
81 135642
82

83 135644
94 135632
83 135456
86 135640
87 135664
88

BY 135870
90 135672
?1 135674
72 135676
93

?4 135700
95 135702
96 135704
97 135716
78 135714
77 135716
100 135720
101 135722
102 135724
103 135726
104 135730
10% 135734
106 135734
107 135740
108 135744
109

110 135746
11 135730
112 135754
113

114

110137
o10001
006201
110137
000240
113742
042702
060002
013701
001413
074201
001420
032701
001927
032704
005424
005037
00421

004747
005701
100415
010237
000412

052737
005737
001404
004747
000177

012602
012601
012600
000002

010200
000300
042700
012701
006300
103013
001013
005301
0046302
060201
(42701
006202
010200
042700
000207

077114
012701
000770

177440

177444

177544
1774917

007704

§00014
0003460

007704

000044

007704

100000

007674

000014
052004

07777
000004

177740

177761

177777

007704

joutput lower disslav datz

imultirlex didit address {bute index)
iturn on diselay

inow do kewead inrut...

ikeyrad return lines in tits 4 Lo 7
tclean up kewrad data

scosbine index and return data

sdet 3 seratch cory of debounce slate register
inot debouncing z keur take 2 new one

itotal matchy take it as a kewrress
sconcare mulbirlex zddress field

inot the samer so idncre it

fcomrare return line field

isame key helds so idnore it

ino londer same kes rresseds so reset siate

seonvert rositional bit to number

fis this a valid key derression?

inor s0 isnore it

yuesy take it and wzit for confirmetion

$100000,@4 DEBNCE saake sure we det only one kesrress per ked

NOVE  Ri,B4PSFORA
v ROsR1
ASR R1
HOVE  RL,B#P$PORC
Kop
HOVE  B¥P$PORDSR2
BIC $177417+R2
ADD R0:R2
Hov B4TERNCE,RT
BEQ a$
XOR R2:R1
BER b%
BIT $000014sR1
BNE 24
BIT $000360:R1
BEO 2%
CLR P4DEBNCE
BR P2
5. JSR FCy7%
T8T R1
N1 P
My K2, @4 DEBNCE
BR 24
il BIS
78T BEKEYPIV
BED i
JER FCr7%
JHP BKEYPIV
FeH HOV (SPI+sR2
HOV {5PH4R1
MOV (8P)4sRO
$NULLT:SRTI
i KoV k2480
SWAB RO
BIC $007777 R0
KoV ¥4:R1
HH ASL RO
BCC 9%
BNE 10%
DEC R1
ASL R2
ADD R2:R1
RIC $177740+R1
ASR R2
118; MOV R2/RO
BIC $1777410R0
RTS FC
EA X 50B Ri,8$
1043 HOV $#177777+R1
BR 11%
DSABL  LSE

A-24

ido we have an active vector?

tnor discard kesrress

sdet 2 useful key number in R1

ypass it to attached service routine

yservice routine at @KEYFIV should zlso restore
jthe registers in this aanner

inake 2 scratch copy

imove key data lo ueeer bute

tkeer onty return line data

ishift aut 4 bits max

yshift out a bits look for 2 one
ididn’t find it

iaore than one true bit--invalid data
iR1 ic now s 2y Iy or Q

rleast two bits sre 0
jcombine nultirlex address and rositional count

tclean up ke code
irestore R2

irestore Ri
tkeer searching

iindicate invalid dats
srestore and exit
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115 135756 000120 000134 000120 ERRSEG: .MORD 120,134,120 ity s P
114 135764 Q0012¢ 000171 000000 NORD 12041715000 irr Ex seace

T-11 Evaluation Module Monitor MACRO V05.00 Sunday {3-Mar-63 04116 fase 20
[/0 Initialization and LED Driver

1
2 LSBITL  LED Disrlas Surrart Roulines
3
4 i
] i DSPOIG takes a hex number in the lower 4 bits of RO and disrlays the
b i corresronding sedment rattern on the LED digit indexed by K1, Rl = 0
7 ¥ to index the righimost lower LED digits = 1 to index the righimosi urrer
8 H LED didits .00 = 13 to indax the leftmost urser LED digit, Returas R1
9 # incremented by 2 to index the pext didit Lo the left un the same disklaz
10 i oM,
1 ¥
12 H Uses! RO Hex value to be diselaved
13 i Rt Index to LED didit on which to disslay it
14 H
13 H Returns!
14 7 RO Previous value with bits 19, through 4 cleared
17 i R1 Previous value + 2
18 y--
19
20 135772 042700 177740 DSPDIGY tBIE $1777460sR0 yrande~linit RO
21 135776 020127 000013 (14 ®1:$000013 imaxinve value for digdit index
22 134002 101004 BHI 1% rout-of-randes se¢ idnore call
23 136004 114061 134014 007712 NOVE  HEXSEG(R0),SEGBUF{RI)  sdisplaw didit
24 134012 005721 TST (R1)¢ tindex next d19it of same disrlsw level
23 136014 000207 i RTS PC
26
27 136016 077 006 133 HEXSEG:: BYTE  077,004:133,117 i0y 1y 29 3
134021 117
28 134022 146 155 175 BYTE  1349155:173:007 347 Sy &+ 7
1346025 007
29 134024 17?7 157 147 LBYTE  1774157:1679174 38 9 Ar b
134031 174
0 134032 071 134 171 LBYTE 07151385 1740141 3Cr oy Ex F
1346035 14t
E) +EVEN
32

A-25
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LED Bisplay Surport Roulines

1

2 it

3 i DSPUNM and DSPLWM take full words in R2Z and write octal rwmbers to the urrer
4 t  and lower LED djsplauss resrectively.

5 '

[ i Uses! ]2 Octal value to be disrlaued

7 ¥

8 i Returns$

9 H RO Contains darbagde

10 i R1 Contains darbade

11 =

12

13 136036 012701 000001 DSPUNNI § #LR1 iindex uprer disrlav

14 134042 000402 BR DSPNUM

1§

14 136044 012701 000000 DSPLMM: #04R1 iindex lower disrlaw
17

18 134050 010244 DSPMNUMT HOY R2,-(SP) irreserve R2

19 134052 010344 KoV R3s-(5F) fdet 3 scratch redister
20 138054 012703 000004 KOV $5R3 jcount & didits

21 136060 010200 143 KoV k2RO iaove octal digit to RO
22 136062 042700 177770 BIC $1727770:R0 taake sure it’s octal
23 136048 004747 177700 J5R PCyDSPDIG idiselay didit

24 138072 000241 CLC

25 134074 004002 ROR R2 imave to next octal digit
26 136076 006202 ASR k2

27 136100 006202 ASR R2

28 136102 077312 S0B R3s1% ido five digits

29 115104 012403 MOV (SP)4sR1

30 136106 012602 LY {SP)+:R2

31 136110 000207 RTS PC

32

33

34

A-26
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1 Biselay Suppart Roulines

1 itt
2 i DSPMAM is @ rouline to diselau names of redistersr etc, on urper diselay.
3 i R2 points to the messade Lo be disrlaved, The sessade should be a string
4 i of & butes correseonding to the sedment patterns for each LED digits starting
3 i with the rightmost didit.
4 H
7 H Yses: R2 Pointer to strind of sedment ratterns
8 i
9 ' Returns)
10 } f1 Contains garbade
11 ' RO fontains dgrhade
12 i
13
14 136112 012701 G00001 DSPNAN: IHOV #1:R1 iindex urrer display
13 (36116 010244 oV R2¢~(SP) iprecerve aessade index
16 136120 0046302 ASL R2 isultirly it by &
17 136122 010200 Nov R2/RO
18 1346124 004302 ASE R2
19 136126 060002 ADT: ROWR2
20 136130 012700 000004 Moy $4 RO scharacter count
21 136134 116261 138154 Q07712 188 MOVR  MANTBL(R2),)SEGBUF{R}) imove sesment data to LED buffer
22 134142 005721 18T (R1)+ tindey next LED didit
23 136144 065202 INC RZ findex next character
24 134146 077004 SR ROs18 +do six characters
25 134190 012402 Koy (§PitsR2 irestore R2
26 136152 000207 RTS FC
27

28 138154 €00 000 077 WMAMTBL:'.BYTE  0s00077:120:0:0 3 10 °
136157 120 000 000

2% 136162 000 000 00é BYTE  0205006,120:050 3 ¢l *
136163 i2¢ 000 08¢

36 136170 000 004 133 JBYTE 050+1331200050 §* 12 '
136173 120 000 000

3 138178 ¢00 000 117 JBYTE  000:1175120:0:0 5 ¢3 °
136201 120 400 000

32 136204 000 000 146 JBYTE  0005146:1200000 ¢* 4 *
136207 120 000 000

13 138212 000 000 155 BYTE  0202155012000/0 §* 5 7
136218 12% 000 060

34 138220 000 000 143 HYTE  0:05163:135:0:0 * SF °
136223 155 000 000

35 136224 000 000 071 JBOTE 000:07101834000 3 P °
134231 143 060 008

14 134234 400 000 155 BYTE  040:1555163:040 5 FS °
136237 143 000 000

37 136242 120 136 167 JBYTE 1200134,187

38 136245 17¢ 124 143 BYTE 17041240163 i *Fotadr!

3¢ 136250 000 120 136 BYTE  000:120+134

40 136233 136 167 000 RYTE 13651674000 i' Adde *

4] 136256 009 075 7 BYTE  000,075:171

42 136261 120 800 060 SRYTE 120,000,000 PR {1

47 134264 004 17% 124 BYTE  0069170,124

44 138247 163 120 174 JBYTE 16321204174 i'pepntl

45 136272 113 170 124 JHYTE 133.3700124

44 136275 163 120 174 SBYTE 14301204174 i‘erPntlt

47 134300 117 170 124 BYTE 11701702124

48 136303 163 120 174 BYFE  163,120.174 i 'orPntd"
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49 136306
50 134311
91 134314
52 138117
53 13832
54 136325
35 138330
36 136333
a7

144
143
000
034
040
124
170
183

170
120
130
141
134
134
120
200

124
174
124
009
135
671
134
1567

+BYTE
+BYTE
BYTE
JBYTE
BYTE
+BYTE
+BYTE
+BYTE
+EVEN

14691705124
16301204174
000+ 130,124
034+ 141,000
046021349455
124,134,071
1700120,134
163,200,167
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LED Bisrlay Suprerl Roulines

1
2
3
4
5
6 136334
7 134342
B

7 136344
H

11 136350

12 134354
13 135360

14 136342
15 136364
16
17
1B
1?
20
2
2
23
24
b
24
27
28
2
I
1
k¥4
RX)
34
35 126348
15 136372
37 138374
18 138376
39 134402
40 135404
41 136406
42 138412
43 135416
44136420
45 136422
46 135426
47 136430
48 138432
4% 135434
50

012701
000402

012701

012700

195061
003721

077004
000207

004747
p10146
019201
Q04747
0574
012601
012703
004747
050144
01020t
004747
605742
412601
077311
(00207

000000

000001

000004
007712

015462

17737¢

000004
015576

177344

' BLMKLD and BLNKHI are routines to erase the sedment dats in the lower and
H ueser LED buffersr reseectiveluy, Returns darbage in RO and Ri,
i

BLNKLDE I MOV $0sR1 findex lower disrlay
EBR BLNKDS
BLNKHI | sHOV iRt iindex uerer diselay
BLNKDS! MOV 130 icount & digits
It ¥ CLRE SEGBUF(R1) shlank a digit
1581 (R1)+4 rindex next didit of same disrlay level
S0R RO, 14 #dp six digils
RTS PC

H 4

i BESPDEC takes & number in Rl and an index o either second-froa-the-left LED

i didit in R2 and displays the number 33 2 decimal value on the correseanding

H LED digits. R2 = 10 te index the lower row of LEPsy = 11 for the uerrer row,
i The lefteost LED didits are not affected, To diselay a two’s comrleaent

i decimal values call this routine from another reutiner which erlaces 2 winus

i sidn in the leftmost LED digit and rasses the absolute value of the rugber

i to be diselaged to this routime.
]

?

]

y

1

!

7

1

Uses: Rl Derimal value to be disrlaved
k2 Index to LED row on which to diselav it

Returns;
ROs Riy Contain darbase
R2r R3
DSPREC! ¢ JSR PCoBINASL raet 1000075 digit
Moy Rir-(5P) isave remainder
v R2:R1 iindex left LEL didit
J&R PC+BSPRIG idisplay decinal digit
18T ~(R2} findex next digdit
KoY (SP)+sRE
LIl #R3 imake 3 counter
18! J5R PCs BINASC istrir 2 digit from Rl
MOV Rir-(SP} tswitch redisters
Koy R2,R1
JSR FC+DSPDIG tdiselay decimal dizit
1871 ~-(R2) tindex next didit to the ridht
KoV (SP}4eR1 iget back decimal nukber
SOR R3r1% fda six digits
RTS PC
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LED Display Surrort Routines

[--T W - S S Y S

~a

10
11
12
13
14
15
16
17
18
1%
2
2
2
23
2
25 134434
26 136444
27 136452
28 1346454
29 136440
30 136462
31 136488
32
33 136470
34 {16474
35 138500
34 138507
37 136504
38 134504
39 135510
40 134512
41

012737
112737
106701
120127
101402
106427
004777

005037
005037
012602
003726
012600
005228
105426
000207

136470 007676
006007 177444

000277

000240

007676
007726

itt
H KEYGET turns on the LEDs and waits for @ keveress. The key nuaber of the
i key that was pressed is retuened {n Rl, The keus are nusbared as followst
H 00 -- [CLR] 12--041
i M--011 11--1091
i 02~-04] 14 -~ [AIV]
' B-107] 15 -~ [BAC]
; 04 -L01] 16 -- {RER]
i 05 ~ [ 21 17 -- [#0R]
i 06 -~ L[ 91 20 -~ [85T)
i 07 -~ [ 81 2t -- 6D 1
i 10 -- [EXAL 2 -- [BPT)
H n--[031 21 -- [FN3
13
i tlsest
i
f Returns:
¢ £l Conteins nuaber of kew that was rressed
f KEYPIV Cleared
§ SPCLBF Cleared
' PS Priority recuced to 5
;-..
KEYGET: imov $KEVGEL yB#KEYPIVi1ink input routine to keurress vector
KOVE $007,P4PSPORC  turn on LED disrlaus
NFPS Rl
CNFE k108277 ipriority 5 is waximum for LEDs to grerate
BLOS 1%
HTFS $240 tset rriotity 5
1$: BR 1% iwait for kewrress
KEYGE1: CLR BKEYPIV idisconnect kevrress vector
CLR @#4SPCLRF sturn off flachind error, 1f any
Y (SFHHeR2 irestore R2
18T (5P)+ idiscard old RL
KOV (SP)+iRG irestore RO
TST (SP+ idiscard return address
HTPS (SP)# ibut rerlace PS bute
RTS PC ireturn to caller of XKEYGET
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LED Displaw Suerort Routines

1

2 FHt

3 i KEYBCD iranslates the key nuaber in Rl into 3 BCD value for the keys 0 Lo 9y
4 i 12 for the CLR keys 013 for the EXA keys and -1 for all other keus,
5 i

[ i Uses: Rl Kew nusber to be translated
7 H

8 i Returns:

¢ F Rl Translated value

10 i--

11

12 136514 116101 134522 KEYRCD::NOVB  BCDTBL(R!)sR1  #translate Rl into BCD code
13 136520 000207 RTS PC

14

15 114522 Q12 BCOTRL: BYTE 612 i [CLR]

14 134523 001 JYTE 001 11

17 134524 004 BYTE 004 HEE B!

18 134525 007 BYTE 007 il 71

19 136526 000 JBYTE 000 |

20 136527 002 BYTE 002 il 2]

21 134330 005 JHTE 009 i[53

22 136531 610 FBYTE 010 L83

23 134532 013 JBYTE 013 $LEXR]

24 134533 003 BYTE 003 it 31
23 136534 006 JBYTE 004 o)

24 138335 011 BYTE 01 9]
27 138534 3177 JBYTE 377 +[ADV]

28 134537 m JYTE 377 1ERAC]

29 136540 77 BYTE 377 [REG]

30 13454 w7 JBYTE 377 sLADD]

3 136542 377 BYTE 377 $[95T2

32 134543 kv +BYTE 377 60 ]

33 136544 177 JSYIE 377 1 [BPT]

34 134545 377 JBYTE 377 YEFNC]
35 EVEN

34
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LED Biselay Sureort Routines

1

2 1

3 H HUMBET disrlaus the current value of R2 in the lower row of LEDs: leavind the
4 § upper row intact. The kewead is enabled Yo allow the user fo madify the value
3 ¥ in K2 with the 0 - 7 and CLR keyss The value in RZ is returneds uhether
é i altered or notr uhen the user rresses EXA,

7 '

8 H Uses R2 Initial value

9 i

10 ? geturns!

11 i R2 New value (if charnged)

12 i F.CHAN Flag in FLAGS! is sel if R2 was chandeds cleared otherwise
13 f Rl Contains darbage

14 H RO Contains darbage

19

16

17 136546 042737 000002 007704 NURGET:IRIC $F .CHAN, PEFLAGSL ichow R2 hasn’t chanded wet

18 134354 Q04757 177244 14 J58 PC+DSPLNM rdiselau value in RZ on lower LEDs

19 134560 004767 1774652 JSR PLIKEYGET jWait for a keurrass

20 1346564 004747 17704 SR FCKEYECD iconvert kew number into RCD

21 134570 005701 18T Ri swas it a lesal key?

22 138572 100770 BRT 1% inor get another

23 136574 020127 000012 CHF k124012 jwas it nuseric?

24 1346600 101026 I 2% inpr it was EXA/ENTy so return value in R2
23 138602 001420 BER R3] inor it was clear

26 134404 020127 000010 CHP R1s#010 jwas it 8 or § {not valid octal didits)?
27 134410 103341 BHIS 1% 1uesy o idgnare it

28 134612 032737 000002 007704 RIT 4F . CHANy PHFLAGSE thas R2 beers chanded wet?
29 1346620 001004 BNE 1] yuesy Just serall in key

30 138622 005002 CLR R? ielse clear old value first

31 136624 052737 Q00002 007704 BIS $F .CHAN P4FLABS) indicate it has been chanded

32 138832 GO04302 44! ASL R? imake srace for new disit

13 134634 006302 ASL R2

34 116636 004302 ASL R2

35 136640 040102 ADD kisR2 tscrall in new digit

gg 136642 000744 BR 1% iaccert additions]l didits

38 1346644 005002 ki H CLR R? iclear nusber for CLR key

39 t3644é 092737 000002 007704 BIS #F ,CHAMN » 84FLAGST i show R2 changed

40 136654 000737 BR 1%

41

42 1348656 000207 i H RTS FE ireturn value
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LED Dicplay Sueprort Routires

1

2 +SBYTL Error Condition and Staciue Entry Code

3

4 144

3 [ $START is the rowerur initialzation routiner which is executed after the
[ § diadnostics are comrleted,

7 §--

8

9 136860 005000 $STARTSICLR RO iclear RAM from © t0 27777

10 1346662 012701 014000 Hov $14004+R1

11 136666 005020 1% CLR (R4

12 136670 077102 SOR Rixi$

13 136672 010537 007724 HOY RS+ @4SPCLBF irut Fower—up error code on LEDs

14 136674 012737 007400 007746 Hov #5CRPADBHISF  sset ur user stack rointer

15 136704 112737 000050 007710 HOVE  $050,B4CONFLE  Fseb default baud rates

14 136712 112767 000116 050544 HOVE  #114,MFB251 sset default value for 8251 mode bute

17 136720 012737 135676 007702 MOV $SNULLI +P#USERVSiinitialize user’s interruet vector

19 134724 012737 1354746 000024 Hoy $ENULLT 2424 irf points at null

19 136734 012737 000340 000024 MOV $340,0426 H

20 136742 012737 007320 007452 HOY $TBLTOF, 04TBLBOTrinitialize earty suabol table
21 136750 00GA02 BR $HALTH4 idon’t clear error disrlay

22
23 i+t
s i $HALT is the routine invoked bw the HALT buttons the HALT L line on the
25 i boards amj the HALT instruction, It savez the srocessor registers and the
26 7 contents of USERIV and KEYFIV if 3 user rrodram was running, It also
27 i rarforms 3 bus reset and reinitialization of peripheral chirs hefore
28 H invoking the keurad monitor.
29 i
i}
31 138752 005037 007726 $HALT:: CLR BHSPCLEF iclear error code on LEDs» if any
32 136756 004747 000022 JSR PCy UCSAVE isave context and fix user SP
33 134742 004767 176110 J5R PC:IOINIT sassert RESET lime and reinitizlize rorts
34 136766 042737 177377 007704 BIC $17737704FLAGSL s reset modes set kesrad coasand entry
35 . ileave F.BRKA so breakroints will be removed
35 116774 004747 176224 JSR PCy IOVECT rnzke sure interrupt vectors aren’t damaded
37 137000 000147 000344 JHp $HONIT senter monitor
18
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Error Condition and Startur Entry Code

O LA g PO e

137004
B 1379010

9 137014
19 137020

11 137024

12 137030
13 137034

14 137042
15 137046
16 137052
17 137056
18 137062
19 137066
20 137072
21 137100
22 137106
23 137112

24
25

26
27
28
2%
30
U
32 137114
3313120
38 137124
35 13130
36 137136
17 137144
38 13152
39 137156
40 137162
41 137166

42 11172
43

012437
032737
001433
012637

112637
042737
010437
010037
010137
010237
010337
010437
010537
013737
042737
012706
000207

005737
004767
004767
042737
012737
142737
113700
052700
010037

012700
000444

407460
000100

007750
007732
177400
007744
007732
407734
007734
007740
%07742
007744
007628
000100
007460

177562
177660
175746
033377
133000
000007
007710
000002
177564
400001

007706

007752

007700
007706

007704

000060
007710

itt

e g e

UCSAVE savec the processor redisters and the contents of USERIV and KEYPIY
it 2 user program was running, It 3lso initializes the monitor stack,

UCSAVE tKOY

i+t

- W s we

BIT
BED
MOV

HOVE
BIC
HOY
Hov
Hov
oV
HOV
Mo
Moy
nov
BIC
MoV
RTS

{SP}+:B45TACK-2 Fmove return address to moniter stack

#F USER +@4FLAGS! i runningd user code?

13 o

(5P +s04$PC fuesy save user context: starting with PO
(8P) 4, P4$P3 iPS next

$#177400,044PS  irrevent sisn exiension

SF+ D445 tfix and save stack rointer
RO»@4$R0 isave R0y

Ris2#$R1 iRL,

RZ,044R2 iR2

R3+B44R3 ik1s

R41254R4 iR4s and

RS s@#IRT iR

@HKEYP IV BEREYRYS Fsave user keurress vector

#F USER, B4FLAGS1 ichow that user context has been saved
#5TACK-2,5P +30 to aonitor stack
PC fand return to calling routine in wonitor

BREAK is the console break interruprt cervice routine. It is similar fo HALT
exceprt that it does not inveke the keupazd sonitor If the consale monitor was
running previously, The host aode is terminated bu BREAK,

BREAK:: TST

J5R
JSR
BIC
MOV
BICB
KOVE
BIS
MoV

MoV
BR

BSCSRBUF jacknowledde interrust
PC,UCSAVE $save yser contexl
PCyI0INIT tassert RESET line and reinitialize rorts

$039377)P¥FLAGS1iinitizlize monitor modes

$LINEIN,BECONIN ihook ur console ineut service routine
$007,04CONFLG  iclear console line flads (but not seeed)
PRCONFLB /RO 7det current baud rate

$000002:R0 senable srog. baud rater disable xmit interrurt
ROsB4CSACSR itransfer control word to console rort

$1.R0 sindicate console break service

FERROR 180 to fatal error handler to reenter menitor
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Ercor Condition and Startur Entry Code

e~ o~ A e G R

9
10 137174
11 137200
12 137204
1

14 137212
15 137214
16 137222
17

18 137226
19 137234
20 137234
21 137244
22 137246
23 137252
24 137254
25 137240
26 137264
27 13728
28 137270
9 13272
30 137274
3

32 137274
33 137304
34 137310
35 137316
36 13734
37 13732
38 137332
3

40

4

42

4

a4

15

46 137334
47 137340
4B 137344
29

106427
004767
032737

061405
042737
000147

032737
0¢1155
0337
001430
0137201
405741
012700
012702
022001
001403
{5720
077204
000414

052737
010137
452737

3737

00152t
012700

000404

106427
004747
012700

000340
177600
001000

0019000
002444

000200
000400
N7750

007740
000004

020000
007750
401000
462000

000002

000340
177440
000003

007706

007764

007704

07706

007706

007704
007704

114

- e e Wb ma A

BRKFT: NTFS

A H

ki H

il H

ITRAP:: MTPS

BRKPT is the breakeainl service rouline. If invoked from a user »rodrams the
rrocessor context is saved. If invoked in reseonse to a monitor breakeoint
rather than & sindle ster or user breakeointr the PC value saved from the
erevious context is adjusted to rpint to the location which contained the
sonilar breakeoint.

JSR
BIY

B
BlC
JWp

a1t
BNE

BIT
BEQ
HwW
ST
KOV
v
W
BED
87
il
BR

RIS
Hov
RIS
BIT
BED
Hov
bR

$340 sdisable interrurts in case vector is demaded
PLIUCSAVE fsave yser context
#F BRKG,@4FLAGSI }are we sindle sterring throush 3 break

i¥pint
2% snor 5o check 1T sindle ster or new breakroint
#F BRKG, @#FLAGS 15 reset condition
$60 sifstall breakpoinis and resuse execytion

#F 55T, 84FLAGS] 7are we sindle sterring?

$HONLT ivesy 50 not 2 breakroint--enter monitor

§F . BRKA,B#FLAGS1 7are breakroints installed?

2% ino--yser pradren contains BRK» so signal error
PSPLSRY idet yser PC

-{R1) thack up to BRK imstruction

$#BRKFILsRO iindex breakeoint file

$4,R2 ifour entries in file

(ROHeR1 idid we in fact encounter 2 breskeoint?

3% juess o addust PCy nO errar messade

(RO} ¥advance to next entry

R2s 4%

k) ] tno mgtch--prodram contains BRK,,.sidnal error

$F . TBAS@4FLAGSL i show we need te rrint break roint messade
R1+84$PC ifix PC

#F .RRKG+@IFLAGS rohow we need 1o single stes

#F KEYP 8EFLAGSIin0 wessade if in kewrad aode

$HONIT iso Just enter monitor
$2)R0 #indicate bregkroint service
FERROR ydo Lo faizl error handler te reenter monitor

ITRAP 35 the illedal instruction {rap routine. If 3 user erogram wes running:
the processor context is saved before invoking the sonitor.

JoR
Hv

$340 idisable interrupts in case vector is damaded
PCrUCSAVE isave user context
$32R0 yindicate invalid instruction Yrar
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Error Condition and Startur Entry Code

i

2 22

3 P FERRDR signals errors for the above routines and others in the keurad monitor.
4 § It the keurad monitor is runnings the errors are diselaved on the LEDs. For
5 H the console monitors the error messades are disrlaved on the console.

& f--

?

B 137350 010044 FERRDR: 1 MOV ROr-(5P) ycave error number

9 137352 004747 175444 JSR PEs IQVECT imake sure interrurl vectors aren’t damaded
10 137356 12660 HoN (SPIteRE sgat errer ruaper

11 1373560 (043G0 ASL RO iturn it into 3n index

12 137362 032737 002000 007704 BIT $F KEYP,@¥FLAGS1are we in kewrad mode?

13 13737206 00141t REQ is juesr so no console messade

14 137372 014002 137422 v FMESAG-2(K0)+R2 istart address of selected messade

15 137376 004267 174122 JSR PCHCRLF ysend <CR> <LF>

16 137402 004747 174340 JSR PCsPRINT jprint radix-50 message

17 137406 005037 007430 CLR 48P imake sure nothing left in butfer

18 137412 000444 4 ER $HONIT

19

20 137414 014037 137942 007726 1% HOV FERCHR(RO) » B4SPCLBF sput two character error code on LEDs
21 137422 000442 BR SHONIT

2

23 137424 137434 FMESAG:: JWORD  FHESG1 ipointers to error messages

24 137426 137450 MORD  FHESG2

25 137430 132472 JWORD  FMESGZ

26 137432 137522 JORD  FHESGA

27

28 137434 012444 074444 017502 FMESGL: .RADSO /CONSOLE BREAK/
137442 070511 042300

29 137446 000000 LJWORD 0

30 137456 007525 003770 043141 FMESG2: (RADSO /BREAK POINT ENCOUNTERED/
137456 055240 020363 040426
137464 074732 017740

31 137470 000000 HORD ©

12 137472 035206 O0D40S1 014411 FMESGI: (RADSO /INVALID INSTRUCTION ENCOUNTERED/
137500 055214 071713 077147
137505 053405 054007 102404
137514 021025 014400

33 137520 000000 MORD 0

4137522 035204 004051 014423 FNMESGA: LRADSO /INVALID STACK POINTER/
137530 078453 04230 057464
137534 076732

35 137540 000000 NORD D

34

17 137542 120 DY FERCHR!$,BYTE 1204076 $tsU (Ur Error)
/13754 174 0N BYTE 1745071 ibsC (Ch Error)
39137546 183 174 JBYIE 1635174 $Fvb (OF Error)
4 137550 124 00 BYTE 1240006 iml (In Evrar)
a1 137552 143 155 BYTE 1631355 iFsS (SF Error)
A2 137554 006 174 JBYTE 0061174 it (b1 Ervor)
3 JEVEN

4
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Erroe Condition and Startup Entry Cade

1

2/ i

3 ¥ HONITt is the wonitor entru roint io be used for norazl exit from user
3 § programs, The erocesspr context is saveds excert for the PLy which retains
b i its previous valug so that the =rogram can be run again, S$MONIT is the
b § entry point used by monitor routines after the rrocessor context has been
? i saved.

& §--

4

10 137556 106746 HONITILINFPS -{SP) irush P8 PC like from a trar

11 137360 013746 067730 #ov &44PC)-(5P) ibut keer previous user PC value

12 137564 004787 177214 JSR PLrUCSAVE isave user cordext

13 137570 032737 000400 007706  SHONIT!:BIT #F BRKA»B¥FLAGS L sbreskroints currently installed?

14 137576 001424 BED 4 ino

13 137600 0127060 000014 KoV $014,80 iindex last breakroint address

16 137804 015001 007740 ki H Hoy BREFIL(RO}+R1  +det breakroint address

17 137610 001404 BEQ i ithis breskroint is net defined

18 137612 005720 T5Y (RO sraint to previous contents

19 137414 014011 007780 L BRKFIL{R0) (K1) irestore contents of breakeoint
20 137420 005740 ST -(RO} igo back to address

21 137422 024040 44 £xp -{kQ}1+={RO} ihatkur to next sddress

22 137624 0OS700 18T RO

23 137626 150384 BPL i ido four entries

24 132630 013704 007750 HOV PISFCIRA seoint to next location

25 137634 032737 420000 007706 RIT $F, TRAS s B4FLAGS isee if we should erint aessade

26 137642 001404 BER 2 tbranch it not

27 137644 004747 015400 JoR PC+TYPADR iture address

28 1372650 004767 015314 JSR PCsTYPLOL ydisasseable rext instruclion

29 137654 042737 030400 007704 243 BIC #F .BRKOAF (APFLHE  TBAS:RIFLAGST  §indicate brezkroinis removed
10 yand enable break on "C

31 137662 032737 002000 (007706 BIT #F . KEYP B4FLAGS 1 fkevrad aode?

32 137470 001402 BEQ 13 fuesy g0 to kewrad monitor

33 1372672 000147 003024 JHP CHONEY sand do to console monitor

34

35 132476 000147 000276 1% JHP KHONTY

kT3

k4 000074 REPT  <140004-.>

I8 BTE 0

39 +ENDR
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T-11 Evaluation Module Monitor MACRD V03,00 Sundaw 13-Mar-83 04110 Pade 32
Errar Condition and Startur Entry Code

1

2 +SETTL  Entre Points

kS

4 P

3 ' MONITGR ENTRY POINTS:

3 i=-

7

8 140000 000167 015330 STARTS: JHP DTAGND ido disgnosticss then initialize monitor

9

10 140004 000147 174742 RSTART:: JHP $HALT fHALT 1rstructions and halt line vector

11 isave context and restart sonitor

12

13 140010 000147 177542 MONITR? $JNP MORITL istandard sonitor entry {no error condition)
14 ifron user pridramy save context and reagve
13 ibreakroints

ié

17 itt

18 i KEYPAD/LED UTILITY ENTRY POINTS!

19 -

20

21 140014 000167 175732 DGDISP: 1 .INP RSPDIG sDisrlay nusber in RO bits I to 0 as 3 hex

22 idigit at LED rosition indexed by RI,

23 SRE=12510+05,04+02500 -~ lower diselaw didils
24 iR1=13:11,07/05:03:01 —- urper diselau digitc
25 iR0 bits 15 to 4 are cleareds 2 iIs added to Rl
2%
27 140020 000147 174012 UPDISP! ! JMP DSPUNK ibisrlay number in K2 as a & didit octal value
28 #in the uerer row of LEDs, Returns 13 in R
2% iand darbage in RO.

1o

31 140024 000147 174014 LODISP: NP DSPLNK iDisplay number in R2 35 a & didit octal value
12 tin the lawer row of LEPS. Returng 14 in &1
33 tend garbade in RO.

34

35 140030 000167 174332 DECDSP: i NP BSPDEC ?Diselay number in R as @ 5 digit deciasl

34 svalue on the row af LEDs indexed by R2.

LY #R2 = 010 for the lower rows 011 for the uprer
I8 iReturns zero in Ri and RY» and darbade in RE
39 jand R2.

40

41 140034 000167 176304 UPBLNK § JHP BURKHI iBlank the upper row of LERs, Returns zero in
42 R0 and garbage in Ri.

43

44 140040 000187 174272 LOBLNKS § JHP RUNKLED sBlank the lower row of LEDs. Returns zero in
45 tRO and darbade in R1.

46

47 140044 000167 176344 GETKEY: P KEYGET iTurn on LEDs and wait for 3 keurress, Return
A8 tkey number in Rl. Modifies KEYFIV.

49

S50 140050 000167 176440 BCDKEY : § JNF KEYRCD iTranslate key nuaber in R to a BCD valye far
B! ikeys 0 to 9, 012 for the CLR kews 013 for the
52 PEX/ENTR keyr and -1 for all other kevs.

33

54 140054 Q00167 176466 GE T2 | JP HUMGET iDisplay nuaber in R2 as an octal value on the
¥ jlower row of LEDs. Activate kewad and allow
56 iuser Lo aodify the value in R2 with the keys
37 i0 through 7 ang CLR. Return the value in R2,
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Entry Points

a8 jchanded or nols when user presses EXA., LUses
59 ik2y Rl and RO,
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T-11 Evaluation Hodule Monitor MACRO V0S5.00 Sunday 13-Har-83 04:10 Pade 33
Entry Points

i

2 (AR

3 H CONSOLE LINE UTILITY ENTRY POINTS:

4 i--

5

& 140080 000187 000104 Jup FIXBP sProset for 2 line from the consple, Relurn
7 ithe line in BUFFER with R3 cleared,

B

¢ 140064 000147 171344 JKp GETRP iTransfer the back rointer (BF} to R3.

10

11 140070 000167 173222 JHP GETCH iRetrieve character indexed by RI from BUFFER.
12 tReturns character in RO RI incresented bu 1,
13 iReturns N set if character is & seraraters

14 iC set if it is lower case.

15

16 140074 CQ0147 173364 JHP GETLCH fRetrieve cheracter indexed by (RI - I froa
17 {BUFFER. Retyrns same as GETCH.

18

19 140100 000147 173306 JHFP GETCHC iRelrieve character indexed by R3 from RUFFER
20 rwithout folding lower cases Returns character
21 iin RO+ 3nd R3 incremented by 1.

22

23 140104 000167 173314 JKP GETNXT sRetrieve next charzeter which is not a

24 sseparator from BUFFER starting a3t location
25 iindexed by RI, Returns character in RO with
26 ilawer case foldeds R3 indexes next character
27 iin BUFFER.

28

29 140110 000167 173334 JHP PURBE sEliminate BUFFER contents below location

30 rindexed by BF,

3

32 140114 000167 174022 JHP ECHD #Echo contents of BUFFER to the console

33 ssiarting with lovation indexed be R3, Relurns
34 iR3 indexind BUFFER locaiion Just bewond last
33 iechoed character,

36

37 140120 0001587 173400 JupP CRLF iSend 3 carriade return and line feed to the
kL) iconsale {and erinteri.

39

40 140124 000167 173400 JHP CHROUT t5end & (eair of) character{s} to the console
41 itand printer). Character to be sent should
42 tbe in lower byte of RO, If ueper bute of RO
43 #15 non-zeror it will be sent as & second

44 rcharacter,

45

44 140130 000167 173404 JHP CHRO1 15end 3 sindle character from the lower buyte
47 jof RO to the cansole {and srinter). Returns
48 RO with its bute swarred.

49

50 140114 Q00167 173414 JHP CHRO2 i%end a single character froa the lower bute
ot iaf RO to the rrinter {aux. port) only.

92 sReturng RO with its butes swarped.

53

o4 140140 000167 173442 JHP ASCOUT i0utrut an ASCII character in the lower 7 bits
35 iof RO as a visible (string of) character(s)
34 jon the eonsple. Comtrol characters are oubrut
57 vas “{letterds with excertions <SP {ESC>,{DEL:
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Entry Points

38
39
&0
H
a2
&3
b4
&5
b
67
48
&9
70
71
72
73
74
75
76
77
78

140144

140150
140154
140160
140164

140170
140174

000147

000147

000167

000147

006167

005037
000167

173404

004344
004332
014560
014470

007430
173046

#WALRO V05,00

Sunday 11-Har-81 04310 Pase 13-t

JHP PRINTA

t0utrut 3 strind of butes to the console (and
terinter), Rl roints to start of strinds which
smust end with a plank buie. Returns Ri
irointing to bute Just after blank bute,

i PARSING AND OUTPUT UTILITY ENIRY POINTS?

FIXRF

Jup GEYEXP
JHp GENEXP
JHP TYPOCT
JKP TYPDEC
CLR i

JWF GETLIN
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Entry Points

1

2 «SBTIL Kesrad Honitor

3

4 140200 042737 000077 007706 KMONITIIRIC $000077,04FLAGS 15 clear previous mode

3 140204 042717 000001 007756 BIC $1:B4$A00R ingke current address and watcheoint even
6 140214 042737 000001 007754 BIC F1HEESWATCH §in case we caee froa console moniter

7 140222 052717 000010 007706 RIS #F REGs @4FLAGSL iset redister select mode

B 140230 012704 006007 KoV $007+R4 tindey FC

9 140234 010402 MOV R41R2 jset ur to diselay * PC * on uerer LEDs
10 140234 004747 175650 J5R FC+DSPNAN igisplay it

11 140242 013705 007730 MOV B#$PCIRS jget FC contents

12 140245 010502 MOV R3sR2 jset ur to disrlay on lower LEDs

13 140250 004767 175570 JSR PC 2 ISPLHH idiselay it

14 140254 032737 000200 007704 BIT $F . SSTy@4FLAGSE swere we single sterring?

15 140267 001411 REQ xLooP ino

16 140264 042737 000200 007706 RIC #F, 55T @4FLAGST iclear condition

17 140272 013702 007754 MOV B4SUATCHIR2 iis there 3 watchroint?

18 140274 001403 BEQ KLOOP ing

19 140300 011202 HOV BR2)R2 izet watcheoint contents

20 140302 004747 175530 JSR PC s DSPUNN jdiselay watehroint contents in ureer diselay
21 -

22 140306 012737 140330 007476 KLOOF:: MOV $KEYCMI P4KEYPIV; link cosmend input routine to keyrress vector
23 140314 112737 000007 177444 MOVE 4007 @4PSPORC  sturn on LED diselay

24 140322 108427 000240 ATFS 3240 jenable LED disrlay interrust

25 1403256 000777 1% B8R 1% iwatt for keyrresss key code returns in Ri
26

27

20 140330 005037 007674 KEYCHDS :CLR BHKEYFIV idisconnect keweress vector

2% 140334 012706 007442 MOV $STACKSP irop saved redisters and return veclor

30 140340 000037 007724 CLE P3SPCLEF iturn off flashing errory if any

31 140344 112737 000010 177444 KEYCM1MIMOVE  #010,@#P$PORC  sturn off LED diselaw for faster execution
32 140352 006301 ASL k1 imake z word index of Rl

33 140354 000171 140340 JuF @DSPTRL (R} idisratch to asrropriate routine

14

35 140360 141110 DSPTBL::WORD  $CLR #LCLR]

36 140362 140430 +ORD  S$NUMER 011

37 1403564 140430 JMORD  $HUKER H O

38 140366 140430 JWORD  $NUMER 71

39 140370 140430 «WORD  SHUKER HE |

40 140372 140430 +WORDL  $HUMER 2]

41 140374 140430 WORD  $SHUMER HE

42 140374 140430 WORD  $NUMER L8l

47 140400 141122 +WORD  SEXAM +LEXA]

44 140402 140430 JWORD  $HUMER il 31

45 140404 140430 +WORD  $NUMER ila]

45 140406 140430 JHORD  $NUMER i[9

47 140410 141232 LWORD  $ADV sLAIV]

48 140412 141372 HORD  $BACK 1 [RAC]

49 140414 141410 WORD  $REG i [REG]

S0 140416 141550 JHORD  $ADDRX HEN

51 140420 141706 +MORD  $55T ;[55M]

52 140422 141714 +HORD 8GO i[G0 ]

53 140429 141442 JWORD  $ERKP 1 [RFT]

34 140426 141450 LMORL  $FUNC 1[FXC)

A-42



T-11 Evalustipn Kpdule Moriitor

Kesrad Honitor

d P e

4 140430
5 140432
6 140434
7 140444
B 140448
? 1404352
10 140434
i1 140460
12 140442
13 140470
14 140472
15 140500
14 140502
17 140504
18 140512
19 140520
20 140522
21 140530
22 140532
23 140534
24 140538
25 140540
26

27
28 140542
29 140550
30 140552
31 140554
32

33 140560
34 140566
35 140570
36 140574
37 140402
38
39 140404
40 140614
41 140616
42 140422
43 145426
44 140430
45

44 140434
47 140642
4B 140444
49 140450
30 140452
31 140654
32 140660
51 146442
34
o0 140466
56 140472
37 140476

£06201
004747
032737
001403
$20127
IS
432201
001404
032737
001304
032737
00100t
005005
432737
032737
001004
042737
004305
006305
004305
006305
060143

032737
001511

010502
004767

032737
001607
010537
042737
Cob147

(32737
001447
013700
004747
010510
000147

032737
001426
020427
101604
0063¢4
010544
Q06204
600147

013700
(04747
010516

176056
600040

000004
000010
000005
000002
000002
000005

000002

000005

175244
000001
007756
000001
000382
000004

007754
001330

000134

400010

000010

007732
004302

007754
401260

HACRO V05.00 GSunday 13-Har-83 04110 Pade 33

007704

007706

007704

007706
007704

007704

(07704

007704

007756

007706

007706

+SRTTL Key Command Routines

$HUMER! :ASR

4%

1%

38:

Je H

JSK
BIT
BED
CHp
BHI
BIT
BEQ
BIT
BNE
BIT
BHE
CLR
BIS
BIT
BNE
BIE
ASL
5L
ASL
ASL
ARL

DIGEXE:SBIT

(]
-

wn
-

BER
KoV
JSR

BIT
BNE
HOV
RIC
JuP

BIT
BEG
woy
JSR
MoV
JiP

BT
BER
¥
BHI
ASL
Hov
ASR
JHP

Hov
JoR
LI

Ri rrestore kew nuaber

PCoKEYRCD sget BCH value for kew rode

§F FUNC,@#FLABS1+is didit & function selection?

48 ino

Rir$004 tis disgit hidher than 47

KLGOP suesy idnore didil

$000010-R1 jis il Bor 9?7

1% ingr & ledal actal didat

$F  DATAF ADDR,B4FLAGS] sno B or ¥ as data or address inrut
KLOooP tidnore thes if rressed

$F CHAM PHFLAGS shas o digit keu already been rressed?
Is juass Just scroll didits in

RS jelse initialize didit accumuiztor

$F CHAN,» @4FLAGS i indicate that a didit has been rressed
$F DATALF ,ALDR,B4FLAGS] raddress and data entry scroll didits
2

#F .CHAM ) B#FLAGSTsothers have single digit entry

RS irrerare for fourth bit (aight be B or 9)
RS iscroll digit into RS (disit accumulstor)
5]

RS

F1:RS

iNow do execution associzted with digit inrut

i€lear key Joins us here
$F . DATAF . ADDR, @#FLABSY j.Just disrlay new data or address

14 ifor otherss da srecial disrlavs instead
RS +R2 rdet new value

PCyDSPLNN sand display on lower LEDs

#F DATA@HFLAGSI i for addressesr store in $ADIR

2

RS rP4$ADDR

$1,84$ADDR ymake sure address 1s even

KLODP1 itake another key

#F (ADDR PHFLAGSI fbut dats can do many rlaces-are we roking RAM?
3 inD

BE$AIDR, RO juesy det 3 coey of current address

PC +KADRCH seheck that it is not in rrotected RAM
RSs@RO irlace datz at current address

KLDOF1 itake another kes

$FREG»PHFLAGS] jchandind redislers or watcheoint contents?
4% ing

Ra»3000010 jdoes R4 index a redisier {0 Lhru 7 and PS)?
54 ino {84 should he 0GOO1T)

R ymake it a word index

RI1$RO(RY) tand rlace data in user register

R4 irestore R4

KLOOF1 stake another kew

BESNATCH RO yassume R4 indexes watcheoint contents
PC/KADRCH icheck that it is not in erotected RAM

R 1RO yderosit data into watchroint location
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Key Comsand Routines

38 140700
i

60 140704
61 140712
62 140714
&3 140720
&4 140722
63 140726

&6 140730
47 140732

48 140734
49 140748
70 140745
71 140750
72 140752
73 140736
74 140762
73 140770
76
77 140774
78 141002
77 141004
80 141006
81 141012
02 141014
8
84 141022
85 141030
86 141032
87 141034
88 141040
87 141042
70 141044
?1 141050
92 141052
73 141054
94 141060
75 141062
P6 141064
b2
78 141072
79 141076
100 141102
101 141104
102
103
104 141110
105 141112
106 141120
107

108
109

110 141122
111 141130
112 141132

113 141134
114 141142

000147

032717
001526
020427
103416
020427
101913

006304
004304

010584
042754
006204
§04204
000147
010337
042737
000157

032737
001407
010100
012701
004757
000167

032737
001457
010504
020427
001414
010402
004747
006304
015405

006204
010502

Q04767
000147

013702
004747
017705
000744

005005

042737
0005610

032737
401421
013702
004767
017705

Konitar

000244

000020

000014

000017

007700
000001

000212
007734
000001
000174

000040
000004
174754
000145

600010

000011

175042

007732

174734
000074

007754

174734
046646

000002

000004

0775
174674
046410

MACRO V05,00 Sunday 13-Mar-83 04110 Page 35-1

007706 4%1

10042
907700

007754

007706 183

007706 7%%

S$CLR::
007706

007704  SEXAND!

JuP

BIT
BED
CHP
BLOD
CHP
i)

ASL
ASL

MOV
BIC
ASR
ASR
JHP
MOV
BIC
JHP

BIT

HOV
MoV

JSR
JHF

BIT
BEQ
Hov
CHp
BER
Hov
JSR

NV

ASR
HOY

JSR
JHP

HOV

JSR
Hov

£LR
BIC

+ENABL

BIT
BED

JOR
MOV

KLOOP1 stake another kes

#F .BRKS1B#FLAGS1 rchanging breakroint or watchroint address?
KLOGPL inar idnote (sirande! that was g safety check)
R4, 4040014 R4 indexind a breakroint?

.13 inos it’'s not

R4, $000017

1] inor it's not

R4 make an index for word pairs

R4

RS BRKFIL-060(R4) srlace data in breskeoint sddress file
411 BRKFIL-060(R4) yaake breakeoint address even

R4

R4

KLOO0P1 ftake gnother kew

RSr@4$WATCH fassume R4 indexes watcheoint address
#1BHSNATCH taake watchroint address even

KLOOP1 itake znother key

§F  FUNCs@4FLAGSIiare we enteringd 3 funclion code?
74 ingr must be entering 3 redister rumber
Ri:RO iget new digit

$#4:R1 yindex 2 lower disrlay didit
PC+DSPTIG idisplay new digit

KL3OP1 stake another key

§F (REG@4FLAGSY 3be sure we are selectind a redister
KLOOPY ielse idnore kes

RorR4 isave selected register npuaber
R4+3000011 fare watchroint contents celected?
g jyesy do special display

R4sR2 1diselay redister’s name on wprer LEDs
PCyDSPNAN

R4 ragke & word index

$RO(R4)#RS ydet resister’s contents

R4

R5sR2 idisplay on lower LEDs

PC» DSPLNM

KLOOP1 itake another key

@43WATCH/R2 iget watchroint address

PCs DSPUNK tshow it on urper disPlay
BSWATCHRS iget watchroint contenis

9%

RS iclear didit sccusulator

#F . CHAN» @4FLAGS1 5 in case of single digit mode
DIGEXE

LSB

#F , ADDR s #FLAGS  fexamining RAM?

13 ing

2$$ADDRIR2 iget current address

PCrDSFUNN ishow it on uprer disrlay

@$ADDR RS tget contents
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Key Command Routines

115 141144
114 141150
117 141154
118 141142
119 141170
120

121 141174
122 141202
123 141204
124 141204
125 141210
124

127 141212
128 141220
129 141222
130 141224
131 141226

112

133

134

135

136 141232
137 141240
138 141242
137 141246
140 141252
141

142 141254
143 141262
144 141244
143 141264
146 141272
147 141274
148 141300
149 141304
130 141310
131 141314
132

153 141316
154 141320
155 141324
154 141326
157 141332
158 141334
159

160 141334
161 141344
152 141344
143 141350
164 141334
147 141334
186 141340
167 141344
148 141384
169 141370
1720

171

010502
004767
052737
042737
00167

032737
001403
005704
100357
1006747

032237
001743
005705
100761
000147

032737
001403
005237
005237
000723

032737
001425
005204
020427
103411
012704
013702
004747
017205
000714

010402
004767
006304
014405
006204
000704

032737
001711
G05204
020427
001601
405724
020427
101440
605304
000436

174670
000001
000002
177112

000410

000040

000774

000004

007756
007736
000010
000011
000011
007754

174526
045440

174566

007732

000020

000012

000017

MACROD V05,06 Sunday 13-Mar-83 04110 Page J3-2

GNEXAM! ¢ RS+R2 sgenerzl examine entre paint
JSR PCsDSPLNM ishow it on lower diselay
007704 BIS §F,DATA/@¥FLAGSL3 50 to data entry mode
007706 BIC #F CHAN(@#FLAGS1iindicate no chande uet
KLOGPE: JKP KLOOP stake another key
007704 1%} BIT #F . REG@FFLAGS] examining 3 redister?
BEQ b 3 ing
ST R4 iR4 initizlized to -t bu $REG
BPL GHEXAM iconterds »ut in RS bw DNIGEXE
BNl KLOoPY }idnore EXAMs make us2r sush a3 gigit first

0rr0s 2% BIT $F FUNC »R4FLAGS] jexecutions seecial function?

BEQ KLOOP1 jignore 311 other occurrences of EXAM
TST R% iR initialized tp -1 by $FUNC
BNI KLDOPL jidnore EXAN: make user push a digit first
Jep DOFUNC jexecute seecial function
+DSABL LSB
JENABL LSB
007706 $ADVIT BIT #F . ADIRO#FLAGS1 i sterring throush addresses?
REQ is sho
INC 244ADDR jdo to next word
INC R4$ADDR
BR SEXAM
007706 1%} RIT #F.REG/@IFLAGS! isterping throush registers?
BEQ 24 #na
INC R4 sredister index
ChP R4+ 000011 sdon’t ster past watchroint contents
BLD ki ]

KoV #000011:R4 iselact watchroint rontents
MOV PESUATCHIR2 jget watchroint address

J5R PC» DSPUNN yshow it on uprer diselay
[ 2SWATCH RS sgel watchroint contents
BR GNEX AN

384 KoV R4:R2 sdisplay resister’s nase ot uerer LEDS
JSR PC+ DSPHAN
ASL R4 iaake 3 word index
MoV $RO(R4YSRD idet register contents
ASR R
BR GNEXAN

007704 2%: BIT #F .BRES@#FLAGS1 isterring throudh breakroints?

BEQ KLOOP1 inoy ignorTe advance
THC R4 jincreaent bregkroint index
CHp R $000012 i6o0 seecial increment ratteen
BNE 44
151 (R4} 4

£ W R+ $300017
BLOS  ERKP] ingke breskroint diselay
DEC R4
BR BRKP1

A-45



T-11 Evalustion Module Nonitor MACRO VO5.00 Sunday 13-Har-83 04110 Page 315-3
Key Comaand Routines

172 141372
173 141400
174 141402
175 141404
176 141412
177

178 141414
179 141422
180 141424
18t 141426
182 141430
183 141432
184

185 141434
186 141442
187 141444
188 141444
189 141452
190 141454
191 141480
192

193

194

195 141462
196 141466
197 141470
198 141474
199 141500
200 141502
201 141504
202 141506
203 141512
204 141514
205 141516
206 141520
207 141524
208 141532
209 141540
210

211 141542
212 141546
213

214

215 141550
216 141554
217 141560
218 141564
219 141566
20 141572
221 141600
222 141606
223

24

225 141610
226 141614
227 141620
228 141624

032737
001405
005337
003337
0005643

032737
001404
005304
100333
005004
000731

032737
001432
005304
020427
103005
012704
000402

012704
010402
004767
020427
103420
004304
004304
016405
006204
0046204
010502
004767
042737
052737
000441

013705
000743

012702
004747
013705
610502
004747
042737
052737
000416

012702
004767
012704
004747

000004 007706 S$BACK!! BIT
BEQ
007754 DEC
007756 BEC
BR
000010 007706 &%) BIT
BEG
DEC
BPL
CLR
BR
000020 007705 7%: BIT
BEQ
DEC
000014 CHp
BHIS
000011 NV
BR
+DSABL
000014 $ERKPL! MOV
BRKP1: MOV
174416 JSR
000014 CHp
BLO
ASL
ASL
007700 MoV
ASR
ASR
i H Hov
174320 JSR
000077 007704 BIC
000021 007704 BIS
BR
007754 14 MOV
BR
000012 $ADDRX:
174332 JSR
007756 KOV
KoV
174252 JSR
000077 007706 BIC
000004 007706 BIS
BR
000013 $REGI: MOV
174272 J5R
177777 KoV
174506 JSR

#F . ADDR, @#FLAGS1isterring throush addresses?

1.1 o

P4$ADDR tg0 to next word

24$ADDR

SEXAN

#F ,REG@4FLAGS] isterring throush registers?
A ino

R4

i} ferevent underfiow

R4

3 icontinue in $ADV

§F .BRKS) P#FLAGS1 istesping throush breakroints?
KLOOP1 inoy idnore backur

R4 sdecreaent breakeoint index
RAs$000014 fdo special decrement satiern
BRKP1 taake breakpoint diselay
$000011,R4 jindex watchroint

BRKP1

LSB

$000014+R4 jindex breakroint 0

RdsR2 sshaw nase of breskeoint on upper disrlay
PC+DSPHAN

Ré,$000014 sindexing watcheoint or a breskroint?
14 jthe watchroint

R inake an index far sword rairs

R4

BRKFIL-040(R4} RS ydet breskpoint address

R4

R4

RS:R2 idisrlaw it on lower LEDs

PCoDSPLNM

0000771 B4FLAGSTiclear rrevious mode
¥F JBRKSHF  DATA,@$FLAGS] sset breakroint and datz sode
KLODF2

B4SWATCHSRD iget watchroint address

i

$0124R2 srromet with ' Addr ' on uprer disrlay
FC+DSPNAN

4$ADDR RS tdet previous address

R3sR2 jshow it on lower diselay

PCy DSPLNN

000077 FLAGS ) iclear #revious aode
#F . ADDR P4FLAGS1 et current address entry mnde
KLOOP2

$013,R2 irroapt with * rEG * on uprer display
PCyDSPNAN

$-11RA jinitialize redister index to illegal value
PCyBLMKLO yand blank lower diselay
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229 141630
230 141634
231 14160
232

233

234 1418%0
235 141654
235 141660

2J7 14184
238 141570

239 141476
240 141704
241

242

241 181704
244

245 141714
246 141722
247 141724
248 141732
249 11734
230 141742
291 141746
252

253 101752
254 141754
255 184762
256 141766
257 141772
238 142000
259 142004
260 142018
261 142014
262 142022
263 142024
264 142030
285 142036
266 142044
267 142050
268 142054
269 142060
270 142086
21

272 14070
273 142070
274 142076
275

276 1421100
277 14214
278 142116
7% 142112
280 142114
281 142120
282 14214
283 142124
284 142130
285 142134

042737
052737
000147

012702
004757
012705

004767
042737

952737
Q00757

032737

021727
101004
023727
143007
042737
012700
000147

013702
013703
013704
013705
013737
013706
013744
042714
032737
001422
052714
012717
012737
413706
013701
013744
052737
000004

021y
001352

012700
012761
013020
477102
M2760
012701
005710
001405
012750
005720

000077 007706
000010 007704

176436

000020
174232
177777

174444
000077

260040

000200
007746

007746

000200
Q00004

175326

072346
007740
007742
007744
007700
007746
007752
400020
000200

000020

137174
000340

007732

002734
007750
000100

001000

007760
00004

007760
000004

000003

007704
087706

007704

007400

000004

7704

007476

007706

000014

000014

007704

007706

BIC
BIS

KLOOP2? JWP

$FUNCT: NOV

$S5T

$6033
$60153

10084

i H

JER
MoV

JSR
BIC

BIS
BR

BIS

¥, 2
BHI
ChP
BHIS
EIL
OV
JHp

HOV
wv
Hov
Hv
MoV
Hov
Hov
RIC
BIT
BEQ
BIS
ROV
Hov
W
KoV
KoY
BIS
RTT

BIT
BNE

Hov
Wy
L
508
MoV

157
BED

Hoy
15T

$000077+84FLAGSTiclear previous mode
$F JREGBHFLAGS] jand set register select mode

KLOOP

#020)R2 irroart with * Func * on uprer display
PCeDSPHAN

#-1iR5 jinitislize accumylatar to illedal value
PCrBLAKLD 4and blark lower display

$000077+@4FLAGS  iclear rrevious mode

¢F FUNCRAFLAGS  fand set function select aode
KLDDP2

#F.SST)PAFLAGS] ishow we are singdle stepring

PHISP #SCRPAD  iis user SP in his RAN?

i fnos show error messade

BHSSP R4 sand is there room for 2 pushes?
i tuese SP is accertable

#F 55T/ @¥FLAGS] 7else abort

#+R0 §SF Error

FERRGR jdo to fatal error handler to reenter monitor
B¥$R2/)R2 irestore user contexts

PHSR3IRI

PESRARA

RESRSIRS

BEKEYPYS 1 REKEYPIV iand user keurress vector
M445P 5P twe're on user’s stack now

B3PS, -(5P) jrush PSy PC like fros a trar
$020:(SP) iclear T-bit

¥F.GSTHBEFLAGSL jare we single sterring?

I ino

$020+(3P) juesy sel T-bit

¢BRKPT,08014  imake sure BPT trap is still connected
$340,08014
BHRGRO ifinish restoring context
B#SRIsR1
M4PC-(5P) rpush PC
#F UISER +@#FLAGS175how we are running user code
jand sisulate return from trae

4F BRKG P#FLAGS sindle stepring aver a break point
4 jif ues ther don’t instzll

FERKFIL RO istart of break point table

$#4:R1 ifour entrys

2(R0OM4+s (RO isuck up data from break roint locations
Ri:1004 H

$BRKFIL RO tstart of bresk rojnt table

$#44R1 reame a5 last time

(R) itirst see if there was realls one set
3008 soranch if not

$1:0(R0}+ iset bresk roint

(RO iskir to next
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285 1421346
287 142140
288 142142
289 142144
230 142146
291 142154
32

23

294

295 142156
294 142144
297 142166
298 142172
299 142174
300 142200
301 142202
302 142204
303 142210
304 142214
305 142216
308 142220
307

308 142224
109

077106
000402
032020
060774
052137
000723

032737
001017
020027
103014
020027
103411
020027

103403
020027
103403
005000
000167

000207

4008
3008

000400 007706 50081

040000 007706 KADRCH:
020000
007400

610000

017400

175124

S0B
R
BIT
bR
BIS
BR

BIT
BNE
Cw
BHIS
Chp
BLO
CHP
BLO
CHp
BLO
CLR
JHp

RTS

R1,200% ifaur entrus

3008

(RO (RDY+ iskir this entry

400% id0 back for next

$F .BRKA+B#FLAGST v irdicete breakpoints installed
9% 7and do

#F . PROT+@HFLAGSLikewrad scratch protection on?

is inor deeasit snuwhere

RO+$20000 $15 addrese above usrer instance of scratchead?
14 jvesy definitely doesn’t address protected RAN
RO #SCRPAD iis it below lower instance of scratchrad?

13 jdes

RO»#10500 115 it within lower instance of scraichead?

24 tuess address is illedal

RO»#SCRPADH1G000715 it between instances of scratchrad RAN?

i3] iwesr not within themr so address is 0K

RO Findex user RAN error messade

FERROR 140 to fatal error handler to reenter mosnitor
PC iadgress is accertable
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142224
142230

o LA e Gk T b

7 142234
8 14223
¥ 142240
10 142242
11 142244
12

13 142244
14 142252
15 142256
16 142240
17 142264
18

19 142270
20 142278
2

22 142302
23 142304
24 142304
25 142310
26 142312
27 142314
28 142316
27

30 142320
31142324
32 142330
33 142334
34 142340
35 142342
36 142344
37 142350
38 142354

39 142359
40 142384

41 142370
A2 142372
43 142374
A4 142400
A5 142404
46 142406
47 142412
48

49 142414
50 142414

51 142420
52 142422
53 142424
34

35 142424

56 142430
57 142434

006305
000175

142244
142270

142572
142320

142562

012700
105060
077003
005037
000147

112737
Qo167

000454
001130
002240
004540
011300
022600
045400

012702
004747
113705
042705
006205
006205
016501
012702
004747
054747
020127
001434
020127
103067
020127
001410
020127
001362

005305
005305

160007
005005

000405

005725
020527
103401

142234

000020
007757

007754
175710

000507
177412

000021
173562
07716
177707

142302
000010
174004
174052
000010

000016
000014

$00015

000016

177444

SBTTL Special Keyrad Monitor Functions

DOFUNC: 3 ASL
JHP

FRCTBL: S MORD
+HORD
+WORD
WWORD
+HORD

CANCEL } 1NV

1%: CLRB
s08
CLR

FNCBON: Jwp

GOSLED S 1H0UB
JHp

SPOTBL:: . WORD
+WORD
+WORD
+HORD
+HORD
+WORD
+WORD

SPEEDS! MOV
JSR
Hove
BIC
ASR
ASR
HOV
HOV
JSR
JaR
cp
BEG
ChP
BHIS
Ny
BEQ
CHp
BNE

i1 H

BEC
DEC

BPL
CiR

BR

T8T
Lnp
BLD

RS
BFNCTBL (RS}

CANCEL
BOSLED
Crot

SPEEDS

NPROT

$0200R0
BRKFIL-1(RD)
RO+ 18
4SHATCH
KMIWTT

$007,83P4PORC
$G0

300,
400,
1200
2400,
4800,
2600,
17200,

$021,R2
PCDEPNAK
BHCONFLG /RS
$177707 RS
RS

RS
SPDTBLIRS))R1
$010:R2
PL.DSPDEC
PCoKEYGET
R1s§010

1

R1:$014

19

Ri #0314

2%

R1:#015

3

R
RS
4%
RS
i

(RS
R3:4016
s

A-49

RS was 0r 11 27 3r 00 4
sdisratch to selected function

10 means cancel breskroints

i1 means turn on LEDs and do at user PL

12 weans cold start consele monitor

i3 weans select baud rates and console ture

+4 means disable keurad monitor scratch rrotec.

i8 words in breskroint file
jelear address/contents pairs

icancel watcheoint also
#d0 to redister select mode

fturn on LED diselaus
jand do

sindex "ConSol®

ishow Proapt on uerer diselay
iget baud rate bits

imask out other flads

ishift to word index position

idet corresponding baud rate
findex lower diselay
sdisrlay decimal nusher
swait for a key

iwgs it ‘Enter"'?

fuesy g0 to aux port sreed
fwas is 3 function keu?
fyesy exit

fuas it advance?

fuesy sodify baud rate
iwas it backus?

inos wait for another key

tdecrease baud rate

ishow new rate
ierevent underflow

iincrease baud rate
soverflow?
o
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Seecial Xeypad Monilor Functions

58 142434
59 142440
40 142442
61 142444
52 14204
&3 142452
64 142456
65 142462
66 142464
67

48 142485
89 142472
70 142476
71 142502
72 142506
73 142510
74 142512
75 142514
76 142520
77 142524
78 142530
79 142534
B0 147536
81 142542
82 142544
83 142550
B4 142554
85

86 142556
87

B8 142562
89 142570

005745
006305
004303
006305
106137
110537
106037
004205
000725

012702
004757
018501
105737
100002
006201
404201
012702
Q4767
004757
020127
001653
020127
103045
012700
0724087
000750

{00147

052737
400635

007710
007710
007710

000022
173414
142302
W7710

400010
173542

173704
000010
000014

000200
007710

175562

KACRO V05,00 Sunday 13-Mar-83 04110 Page 3é-1

108%:

18T
ASL
ASL
ASL
ROLE
MOVB
RORB
#SR
BR

Hov
JSR
HOV
TSTR
HPL
ASR
#SR
LIl
JSR
JSR
Cwp
BEQ
CHp
BHIS
NV
XO0R
BR

JHP

040000 007704 NPROT:: BIS

BR

~(R3)

R

RS

A5

BILONFLG
RS+ R4CONFLE
QICONFLG

(v

ot

$0224R2
FCrDIPHAM
SPOTRL(RS) «RI
RICONFLG

9%

Rl

Rl

$010+R2
PLADSPDED
PCrKEYGET
R1,#010
FNCDON
Ris8014

108

$F A6 RO
RO+BECONFLG
(1]

KEYCN1

istore index in baud rate bits

sereserve high order bit (F,A84X)

yindex *A.Port’

ishow Froart

iget console baud rate

yis 44 X set for aun port?
tnor szme sheeds

ielse console rate / 4

iindex lower display

jdisplau baud rate

juail for a key

iis it *Enter'?

svesy finished

fwas it a function button?
ruess exit

#nos tosdle aux rort baud rate
sCONFLG is an even bute

wait for enter key

iexecute function kes

#F PROT/@#FLAGSI s turn off protection

FNCDON

A-350

140 to redister select mode
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Seecial Keurad Monitor Functions

i

2 SBTTL fonsole Monitor

3 1+

§ 3 REGISTER USAGE!

3 f RS last exeression value,

é H R4 current ters value and scralch current address
7 ' R3 running rointer for ineut buffer

8 i R2 pointer and deneral passing to roulines

9 i RL cosputational scralch

10 i RO rassing to bottom level routines and scratch
11 i

12 H

13 H Cold enptru point:

14 §=-

15

16 142572 012737 0046500 007746 CHONIGS MOV #SUR) B45P jinitizlize user SP for console monitor
17 142600 012737 040100 007330 KoV $40081004100,84TAPKOD  iset default aodes

18 142406 012737 000004 007325 1Y $F . MULL,OBLASLIM initialize Jast line flads

19 142434 009037 007630 LUK 4P #initialize console buffer rointers
20 1424620 105037 007672 CLR®  B4liFP t¢lear host buffer rointer also

21 142624 142737 000007 007710 BICE  #007,04CONFLG  iclear console line flags (but not speed)
22 142432 105037 007673 CLRE  B4HSTFLG iclear host flags

23 142636 012747 133000 035214 L $LINEINyCONI¥  thook up consele inrut setvice routine
24 1425644 113700 007710 HOve PECONFLG RO iget current baud rate

23 142650 002704 000002 BIS $000002,R0 ienable prod, baud rater disable xmit interrurt
26 142854 010037 177564 KoV RO+RFC$XTSR itransfer control word to consele rort
27 1424680 004747 172304 JoR PCy SETAUX iset aux port baud rate and disable
2B 142664 052737 002000 0072704 RIS #F,KEYP/B¥FLAGS1idisable keurad monitor

29 142672 106427 000000 MIPS  #000 jenable interrupts

30 142476 012737 00000 177560 A0y #000100, 4CSRCERFenable consple receiver interrurt

31 142704 (004747 170414 JSR PCCRLF istart 3 new line

32 142710 004767 170410 JSR PCsCRLF

I3 142714 012702 143052 oV $6RETsR2 iraint Lo dreetind messade

34 142720 004767 171042 JSR PCyPRINT iture messade

15 rH

36 i Yara entry rointi

37 i

38

39 142724 012747 133000 035124 CMOMIT: MOV SLINEINSCONIN  ihook ur console ineut service routine
40 142732 106427 000000 NIPS #0000 yenable interruris

A1 142736 012737 000100 177560 NV $000160+@¥CIRCSRFenable console receiver interrurt

42 142744 Q32737 004000 007704 BIT # HOST@4FLAGSL 315 host aode enabled?

41 142752 001412 BEQ 1% inos clear host flads to terminate functions
A4 142754 012737 134540 000120 MOV SHOSTIN@HAUXIN #hook up host input service interpupt
A5 142762 112737 000044 007711 NOVE  $044:@RAUXFLG  #save a copy of new ASCREG value

4 142770 112737 000046 177452 HOVE  #044,)8EASCREE  ireenable aux rort receiver interruet
47 142774 000402 BR 2%

A8

49 143000 105037 007673 it H CLRE  BHMSTFLG istor host activily

50 143004 032737 000200 007706 24% BIT $F.SST@FFLAGSL suete we single stepring?

5§ 143012 001504 BEQ CHONZ $hor serap line

52 143014 042737 000200 007704 BIC #F 55T, @4FLAGSE iclear flag from $G0L routine

53 143022 004747 004702 JSR PLyTYPREG tupsy Sisplay redisters

54 143026 013704 007750 Hov PH$FCoR4 irgint ta next location

55 143032 004747 012212 JSR PCy TYPADR itepe address

56 143036 004747 012124 J5R PC+TYPLOL 1disasseable next ipstruction

57 143042 Q05737 007446 157 PIREPEAT swere we repeating?

A-51



T-11 Evaluation Module Monitor MACRD V05,00 Sundaw 13-Mar-B83 0410 Pade 37-1
Console Monitor

58 143046 001443 BEQR CHON3 no
59 143050 000474 BR CHONY fuess keepr command line
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Console Monitar

1
2 143052
143040
143066
3 143074
4 143076
5 143102
& 143104
143112
7 143114
8
9 143120
10 143124
11 143130
12 143134
13 143180
14 143144
15 143150
16 143154
17 143160
18
1%
20
21
22
23 143144
24 143170
25 143174
24 143200
27 143204
28 143210
29
30
i
32
33
34 143212
35 143214
36 143224
37 143230
38 143234
39 143240
4
41

2
43

44 143244
45 143252
44 143254
47 143242
48 143266
49 143270
30 143274
sl

52 143276
33 143304
o4 143310

076725
045710
070226
000000
001440
000000
W76
021026
400000

004747
012700
G04767
004767
004767
012700
004747
004267
000167

012706
012702
004767
012700

004767
000402

004747
142737
012704
005037
005037
152737

000337

105037
004747
005737

001403
005337

000543

13737
004767
012701

000207
051844
143074

004540

023132
044557

170400
056007
170374
170274
170776
000134

170354
170344

170602

007442
143074
177720
000077
170320

177702
000200
007442
007630
007444
000004

007324

007324
170186
007454

07464
007331

170214
076725

MACRO V05,00 Sunday 13-Nar-83 04110 Page 38

055207 GRET:  .RADSO
035357
000000

+WORD

WHAT: . RADSO

+HORD

001156 OVERFL? .RADSO

+HORD

PRNERR: 1
Hov
JSR
JOR
JSK

Nov

JER
J5R

JHP

P

CHON2: 1 MV
L
JSR
noy
JER
BR

/TEH CONSOLE MONITOR V1.0 /

0
/ WHAT /
0

/BUFFER OVERFLOM/

0

PC+CRLF
40011344007 ,R0
PECCHROUT
PCGETEP
PC+ECHD

$134)R0
PCyCHROUT
PCsCRLF

PRINT

' Command error entry roint?

$STACK,SP
HWHATR2
PC/PRNERR
#77RO
PCsCHROUT
CHONS

iture {CR> <LF>
rhype BELL> \

iset running pointer to back rointer
iecho buffer to console to indicate error
iture \ <CR-

{PTIMY error sessade

iwe cawe here from unseecified derth

iroint to error messade

srrint erroneous coasand line and error message
iture T {CR>

i General error entryi scrar rest of command liner terminate host ineut:

-

ERROR:: JSR
007673 CWON3:: BICB
CHON31: NGV
CR
CLR
007124 BISH
itt

N
t
HE ™
’

CHMDMAZS SWAR
CLRB
JSR
T8V
BED
DEC
BR

007330 1%: HOVB
JER
MOV

PC/PRHERR

srrint error messade

#F,LOAD @2HSTFLGistor loading from host

F5TACK, 5P
e48p
@4REPEAT

iwe don‘t know at which level errar octurred
sclear both back rointer and forward rointer
idon‘t keer repeatind bad cossend lipe

$FNULL +@SLINFLGIact like line w2s not emsis

Fresh comsand line and repeat eniry roint!

PHLINFLD 1save old line rarsind flads

BELINFLG ireset line parsing flass for new line
PC+PURGE spurde bottom pf buffery clear runnind rointer
SIREPEAT irereat line ar eroart for 3 new one?

1% sprospt. for a new one

BEREPEAT icaunt reretitions

CMDNS jand re-execute line

B4PERMOD, 24 THFNOD irestore rermsanent sodes

PC+CRLF sstart a pew line

$CH00H05150415:R1  RADSO trirlet "TEN'
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Corsole Monitor

3% 143314
34 143320
57 143324
38 142110
5% 143334
40 143334
61 143342
42 143350

43 143352
44 143356

45 143360
&6 143364
87

88 143370
49 143374
70 14337
7 143402
72 143404
73 143412
74 143414
75 143420
7%

77 143422
78 143426
79 143432
80 143434
81 143442
82 143446
83 143452
B4 143454
BS 143440
B4 143464
87 143470
88 143472
89 143476
90 143502
91 143504
92 143504
93 143512
9

95 143514

96 143520
97 143524

78 143530
97 143534
100 143534
101 143542
102 143544
103 143350
104 143552

105 143556
104 143342

107 143566
108

109 143570
110 143574
111 143600

004747
012700
004747
123703
001415
004747
126327
001347

163037
005003

142737
000504

105737
001755
105737
100444
132737
001403
004747
000742

004767
012701
004767
012700
004767
165737
001411
004747
1327317
001003
010100
004767
123703

001761
005003

105037
000471

004747
106427
113702
042702
001603
120127
001407
120227
103007
116162

105237
108427

000560

106427
012702
000167

170444
020074
170260
007431

170400
0074467

007324

000001

007472
007673

000001

171324

170076

032153
170344

037124
170042
07472

171244
000001

170032
007431

007324

171224

000340
007431
177400

000012

000140

007470

Q07431
0000600

000000
143104
177406

000015

007673

007673

007673

8

ki M

4%

1082

JSR
L)
JSR
{HPR
BER
JSR
CKPB
BNE
CLRB
CLR
BICB
BR

TST8
BEQ
1878
BAl
BITB
BEQ
JER
ER

JoR
Hov
JSR
nov
JSR
1878
BER
JoR
bITB
ENE
KOV
J5R
CHPB
BEG
CLR
CLRB
ER

JGR
NTPS
NOVE
§IC
BHE
CHPB
bER
CHPB
BHIS
HOVE
INCE
HiP§
BR

MTPS

NP

PCsPRINTL iture a sindle RADSO trirlet
$40030404076+R0 ftupe > {SFACE>

PCsCHROUT

2¥FPIR3 jeep if 3 character has been tured

I in0y do check host buffer

PCsECHD jecho character to console

BUFFER-1{R1} #0153 715 last character a <CR:?

ps tnor watt for one

PELINFLG ireset line flass fros ECHO

R3 iset running pointer to Gedinring of line
L BYTR,PBHSTFLG I clear host line bute bucket (0} flag
CHONS jexecule line

BEHFF isee if we have a character from the host
24 snoy g0 back and check console

PHNSTFLG jate we loading pr Just listening?

4% iloading

$F BYTB,@BHSTFLG: are we idnoring host eessages?
94 ino

PE+HBETCH juesy get character from host

2% jangd throw it away

PCICRLF istart 2 new line to show messade frow host
$10250+17>850423,R1 iRADSQ triplet 'HOS®

PCPRINTA iture 3 sindle RADZO trirlet
$40000764124,R0 i'T>*

pCLHROUT icoarlete the header

fIHFF jsep if we have 2 character

7% or check console for keurress
PCYHBETCH jdet character fros host buffer

#F, BYTE)BEHSTFLGS are we idnoring host messades?

74 iyess throw character away

R1:RO

PCYCHROUT jelse echo it to console

@#FFR] ssee if console tuped a character

of iit nots continue host message

R3 srrepare L0 re-echo ronsole ineut
PHLINFLD

1% iredisplay rromet ond echo buffer again
FE+HGETCH sqet character from host buffer

$340 ihlock console interrurt for 3 while
e#FPIR2 iget consoie buffer ineut sointer
$177406G,R2 ferevent sidn extend

104 swe aren’t at bedinning of line

R1:4012 sthrow awaw Fine feeds at beginning of line
11%

R2:3140 yis buffer full?

&4 tues: abort load process

R1sBUFFER(R2)  itransfer character to console input buffer
‘1114 jadvance buffer ineui rpinter

$000 irestore interruets

2% reche buffer to console

$000 irestore interrurts

$0VERFLsR2 froint to erraor aessade

ERROR tand Frint it

A-54
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112
113

114

115

116

117 143604
118 143610
119

120 143612
121

122 143616
123 143622
124 143624
175 143630
126 143634
127 143440
128 143544
129

130

13

132

133

134 143644
135 143652
136 143654
137

138 143560
139 143466
140 143674
141 143476
142 143702
143 143704
144 143710
145 143712
146

147 143714
148 143720
149

150 143724
151 143730
152 143732
151 143734
154 143740
155 143742
156 143746
157 143754
158

159 143756
140 143762
161 143764
142 143770
183 14374
144 143776
145 144002
164

167 144004
168 144010

004767
000402

004747

005737
001004
110337
105337
000337
105037
000402

004747
120027
001544

152737
132737
0013464
120027
001741
120027
001005
006402

000147
00147

120027
103773
120027
101370
001006
010537
152737
0007£3

120027
01e10
005337
105737
140701
005337
000700

120027
001017

167616

16257¢
K74éh
007430

007430

007324
607324

187554
000015

000004
000020
000054

000033

000354
177240

000042

000137

007334
000010

000136

H7756
467330

007754

000134

007324
007324

007324

ptt

H Mext command entry roint!

CHONG: ¢

JSR
BR

CONTINGG

CNONG

TS
BNE
KOVE
DECB
SHAR
CLRB
BR

PCsGETHXT
CHONS

PCyBETLEH

EREPEAT
14
R3s2%BP
48P
PHEURCON
S4CURCOM
CHON?

i Parse tor level:

ConLUP:
CHONZ:

1%:

L1 H
ERRORZ:

24

sget first meaningful character

rrecover last acauired character

tare we rereating?
1yesr 5o keer last cossznd
selse throw it awas

$save old coasand flads
jend initialize them for next command

jdet next aeaningful character
#is IL <CR>7
juess 40 to <CR> handler

$FNULLyeHLINFLGi show that line is not emriy
#F.COMYHRELINFLG i are we in 2 comment?

juesy keer locking for <CR>
tis it coasa®

yignore commas at tor level
iis it <ESC>?

no

74p to general expression handler

#ic character conirols seraces or “!'7
suesy invalid comsand

#1s it zbove underscore?

jues; invalid command

snot an underscore

iexecute underscore

#F . SAVX)@3LINFLG show rending underscore

+ENABL 1SB

JSR PCHGETNXT
CKPB  RO»$015
BEQ DOCR
BISB

BITB

BNE CONLUP
CHPE  ROVHOS4
BEQ CONLUP
CAPB  RO+#033
BNE 2%

BR ERROR2
JHP DOEXPR
NP CHON2
CHPE  ROs$042
BLO ERROR2
CHAPR  ROs$137
BHL ERROR2
BNE 5¢

MV R3S, @45AVEXP
BISE

BR CHONS
CHPE  RO:4136
BNE 6%

i 3x SMADLR
TSTE  S4THPHOD
BMl CHONS
BEC 244ADDR
BR CHONS
CMPE  ROs#134
BHE 74

A-55

idet nexi command

ris 1% carel?

#A0

jexecute caret

jare we in bute mode?
syesy tack ur 3 bute

jelse back up 2 whole word
idet next coamand

1is it reverse slant?
tno
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169 144012 106437 007327 MTPS PALASCON ydid the last exeression have undefined sumbols
170 144014 001010 BNE B juess refuse setting of the current address
171 144020 010537 007734 Y R5,B44ADDR iexpcute reverse slant

172 144024 010504 NoV RSsR4 13et new address

173 144026 004747 011214 JSR PC+ TYPADR iture R4 as mmber or label

174 144032 004767 011042 JER PC+TYPLOC iture location addressed by R4

175 144036 Q00542 BR CHONS 1get next cosmand

176

177 144040 012702 151372 [} ¥ LY $UMDEFXsR2 ierrors undefined expression

178 144044 000147 177142 JNP ERROR

179

180 144050 120027 000133 i CHPE  RO+$133 tis it left bracket?

181 144034 101321 BHI ERRDR2 inoe invaiid command

182 144054 120027 000100 CHPE  RO-4100 tis it alrhabetic?

183 144062 101314 BHI 44 tyes: besinning of exeression or instruction
184 144064 001715 BED ERRORZ +nos 3t sisn is invalid coamand

185 swe’ve narrowed RO to the 042 to 077 range
186 144064 114081 155774 NOVE  PARANS-040(R0)sR1 idet parsing code

1687 144072 042761 177770 BIC $1777705R1 imask out other information

188 144074 006301 ASL Rl tnzke it 2 word index

189 144100 000171 144104 P @PARDSP(R) rand dispatch accordingly

190 «DSABL LSB

191

192 144104 143154 PARDSP: NORE  CHON2 i0 means invalid command

193 144106 144274 JWDRD  DOEXPR i1 mezns det expression or instruction
194 144110 151424 WDRD  DOLAEL 12 means define label

195 144112 144124 +WORD  DOCONN il means start comsent

195 144114 151164 JMORD  DOSYMR 74 means define sumbol

197 144116 144134 WWORD  DONVAL 5 meatrs ture numerically

198 144120 143164 (WORD  CMONZ2 14 means valid as orerator within exsressions
199 144122 144274 «NORD  DOEXPR i7 means both 1 and 4 are true

200

201

202 144124 152737 000020 (07324 DOCOMN: RBISE  #F.COMMs@4LINFLGiindicate we’re in a comment

203 144132 000624 iR CHONS +and continue

204

203

206 144134 004767 147384 DONVAL: JSR FCsERLF jtuee last exeression aumerically

207 144140 018744 L41154 13 1NPHODs - (55} rsave flags

208 144144 042747 000200 043156 BiC 1F . BYTH THPHOD  imake word sude

209 144152 010501 Hov RS+R1

210 144154 ODA767 010714 JSR PCrTYPHNL

211 148150 012647 043144 Hoy (5P}, THFHOD irestore flads

212 144164 000147 177414 JHP CHOHS

213

214

215 14170 199737 007673 DICRI: TSTB  @MHSTFLG jare we loading from host?

214 144174 100424 BAI It rupss suppress <CR> command feature

217 1441746 104437 007324 HTPS  BELINFLG 1det comwand line flads

218 144202 001423 BEG it iline is not eartys 0 do mothing

219 144204 104437 007325 HTPS  BHLASLIN

220 144210 103427 BCS 3 ilast line caused sindle ster» so ster adain
221 144212 013704  0H7754 KoV P4440DR R4 tdet current address

222 144216 132737 000004 007325 BITE  #F,NULL,@¢LASLIN;did last line dusr locations?

223 144224 601004 BNE 1] thos so don't advance

224 144226 013704 007334 Koy R#ADVADR R4 jadvance rast last duss

225 144232 010437 007754 MOV R4+ B4$ADDR

A-56
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26 144236
227 144242
228 144244
25

230 144252
211 144234
232 144260
213 144264
234

235 144270

014705
004767
010437

005737
001002
110337
0001467

000147

Monitor MNACRO V05,00 Sunday 13-Mar-83 04310

033535
010734
067334

007466

007630
176756

003122

1H

st

L1

1

NOY
JSR
¥oV

T8T
BNE
HOVE
JKP

JHp

-1:R3
PCsTYPLIN
R4, @#ADVADR

BAREPEAT
44
RI848P
CHON4

STEP

A-57

Pade I8-4

iture a line of locations
fsave next address for subsequent dumr

iare we repeating?

tuess sp keer command line
snar discard executed commarais

jexecute single step
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Console Monitor

T ~d O U B Ged RO e

~0

10
11
12
13
14 144274

15 144300
16 144304

17 144304
18 144312
19 144314
20 144320
21 144322
22 144326
23 144330
24 144332
75 144336
2%

27 144340
28 144342
29 144346
30 144350
31 144354
32 144356
13 144382
4 144364
35 144370
36 144372
37 14376
38 144400
39 144404
40 144410
41 144412
42 144414
43 144620
M

45 144422
4

47 140425
48 144430
49 144434
50

51

52 144440
53 144446
54 144452
55 144456
56 144450
57 144444

0047467
120027
001433

120027
401450
104437
102010
106437
100043
102003
005737
100031

010405
120027
001432
120027
001427
120027
001424
120027
001421
196437
100420
004747
105737
100404
010514
005237
H00403

000147

110514

005237
000167

142737
013704
004767
001354
132737
617N

it
i
i
i
i
)
i
’
$==
f00212 DOE
000072
000075
007324
007332
007704
982
000077 24
000134
000137
000033
007324
010120
007330
007754
174536 ki H
4%
7756 5§
177152 14%:

000010 007324 44

007334

010524 i H
11$:

000100 007330 104

LSETTL Parsing Routines

DOEXPR parses an expressiony instructions directiver or verbs and handles

it accordingly,

location.

+ENABL
11 J5R
CHPR
BEG
CHPE
BEG
wiFs
BVC
HTFS
BPL
BVC
T8T
BPL

Hov
ChPR
BED
CHPB
BER
CHFB
BET
CHPB
RED
nies
BMI
JSR
TSTR
BAI
KOV
INC
R

J¥

HOVE

INC
JHP

RICR
Ll
JSR
BNE
BITR
BEQ

If areroprister exeressions are derosited at the current

Note that the pld value of R? (which a3y be 3 rointer to 2 sumhol
from the last invocation of DDEXPR) is saved befaore rarsing an expression.
This is to accomodate the .ESC directiver whose rarsing will chande the value
of k2, The old value is needed for seauences such as <zgsbol} ESC K .

The old value of EXPFLG is also savedr for the sase reason,

LS&
PC+GENEXP

RO: 4072
14

RO+ #075
14%
R4CURCON
%
RIEXFFLG
B¢

74
P4FLADGS]
3

R4:RS
ROs$077
i4

RO1 4134
144
ROs#137
144
RO:$033
14%
MLINFLG
&4
PCsADRCHL
SETHPNED
4
RSrER4
S44ADIR
5

CHow2

RS BR4
BHSADDR
CORTIN

iget an expression
#i5 next character {7
fues) ignore expression

iis newt character =?

fuesy idnore expression

+has RS been set?

juess nat Just 3 name

fwhat is naae?

spredefined susbol

idefined user sumbols rroceed

ielse see if we are in PASS! mode

suser defined name has no value in PASSZy error

sdget name’s value

iis next character '?'?

fuesy do nothing

iis it \7

joesy do nothing

fis it 7

juesy do nothind

fis it <ESCH?

fuesy do nothing

thas underline been executed?
juess dume RAN locations
jcheck it odd address or not in user RAM
sare we in byte mode?

1des

idesosit data word

iderosit bute of data

irecover last characters rarse next command

$F  SAVX BHLINFLG

S4SAVEXP R4
PC>TYPLIN
144

1get startind address
iousp 3 line of Jocations

#F  INST+RITHPHOD+ avoid tupring durlicate addresses

74

A-58
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9B 144470
59 144474
60
61 144474
42 144300
&3 144502
8
65 144506
46
67

004767 010512
040770

102402
103317
000167 005500

000167 002440

12%;

Sunday 13-Mar-B83 04110 Pade 3%-1

JSR PC:TYPLINH4
BR 11¢

BUS 14

B¢ 94

JNP GETINS

JNP DOVERR
+[5ABL LSE

A-59

tis & directive or verb
115 ROs +» Bl» etcs
ielse is an instruction

thandle directives and verbs
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o LA e B

7 144512
B 144520
?
10 144522
11 144526
12 144532
13 144340
14 144542
15 144544
16 144550
17 144554
18 144056
19 144562
20 141564

21 144570
22 144574

23 184600
24 144402
25 144404
26 184610
27 144614
28 1444146
2% 144422
30 144424
31 104430
32 144832
33 144834
34 144840
35 144844
36 144444
37 144452
38 144454
39 144662
40 144644
41 144448
42 144870
43 144874
44 144676
45

46 144700
17 144702
48 144710
49 144714
S0 144714
31

52 144720
33 144724
54 144730
35 144734
6 144734
57 144742

152737
000402

004767
005037
152737
005004
120027
001444
120027
001441
120027
001004
004747
004747
§20027
001522
120027
001517
120027
001003
004767
Q00435
0047467
100403
004747
000430
0047567
100474
004747
104737
104437
100404
102445
101014
104437
102447
000412

102011
142737
005737
100632
600402

004757
004747
120027
001504
120027
001507

000002 007326

000452
007132
000004 067324
000053
000055
000043
000402
166632
$00074
000123
Do00A7
001234
007524
000450
007434

000574
007132
007332

907325

000004 007326
007204

000244
146458
000074

000135

i
H BETEXP rarses 3 whole expression and returns its value an RS,
i GENEXP parses an exression or recosnizes an instruction or susbol.
;__
+ENABL LSE
GENEXP:iBISE  #F,VALU,@#CURCOKiset flag to allow nonvalued obdects
BR 7% isuch as undefined suabolsy directivesy etc.
GETEXP: tJSR PLsEXINIY rinitialize and set valued expression
LY CLR PIEXPFLD jclear level counter and term flads
RISB #F . UNDF yB¥CURCONi clear undefined expression flad
GETEX1: CLR R4 sinitialize term redister
CHPR  RO#053 tis it +7
BEQ GETOPY juess accest orerator
CHPR RG: 3055 pis it -7
BEQ GETORY
GETERM::CMPB  RO+#043 iis it #7
BNE s
JER PCEXINIT iset valued expression
JSR PCsGETNXT rset pext character
s CHPE  RO:3074 iis it <7
BEQ LPAREN rwesy do left rarenthesis
CHPB RO #1133 iis it [7
BEQ LPAREN tgesy do left rarenthesis
CHPB  RO,$047 iis it 7
BNE ki ino
JSR PCeGETLIT irarse literal term
BR BETOPY iforee valued exeression and get oreralor
ks H JSR PC s NUKCH iis it rumeric?
BHI 2 )
JSR PCaGETNME 19et number
ER GETOPY itorce valued exrressions set arerator
2% J5R PCsRADCH #is it RADSO character?
L) 138 inos illedal character
JSR PCsGETNAN trarse nased obdect
NFPS  @EXFFLG isave condition flags
HTPS PREXFFLG irecover 3actual vaiues
BML a4 iuser defined ssmbol or undefined name
BYS ENDEXF ia directive or verby tru to exit
BCC GETOFR irredefined sumbolr get orerator
HIPS  Q4CURCOM 7is Yhis g valued expression?
S ENDEXP nor we have an instructions try to exit
BR GETOPR juse base value of instruction as datar det or.
it BRVC GETGPR srroceed if user symbol if defined
BICE  #F . UNDF +#4CURCOMishow we have encountered an undefined sumbal
181 @4FLAGS] $are we in PASS1?
RPL ENQERP inos don't allow undefined susbol in ewrression
BR GETOPR tuess proceed with exrression
GETOPV: 1 JSR PCSEXINIT finitialize data exrression
GETOPR+1JSR PCsGETLCH irecover last character
CHFE  RO:2#076 iig it »?
Beq RPAREN suesy do right parenthesis
CHPE  RD:$135 fis it 17
REQ FPAREN juesr do right rarenthesis feich

A-60
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R NN
59 144750
60 144752
41 14475
62 144760
43 144764
4 144770
65 144774
8
47 144776
o8
89 145002
70 145006
71 145010
72 145014
73 145016
74 145022
75 145024
7% 145026
77 145030
78 145034
79 145036
80
81 145042
82
B3 145046
4
85 145052
84 145054
87 145060
89 145042
B9 145066
90 145072
91 145075
92 145102
93 145106
94 145110

93 140114,

94 145114
97 145122
98

99 145124
100 145130
101 145134
102 145140
103 145144
104 145150
105

106 145152
107 145156
108 145140
109

116 145162
11 145186
112 145170
143

114 145172

NRNDY YRR

103412
120027
103007
116001
042701
020127
103053

004787

105737
001015
106437
102410
106437
100491
102404
162003
005737
104101
000147

000147

020627

103773
004767
010544
113746
105237
004767
004747
004747
010504
112637
012605
004767
000700

004747
004767

004747

116037
004767
0004802

1053337
100731
000417

004767
011305
000207

106437

000060
135774
17777¢
000004
000214
007333
007324

007332

007706

166344

176116

007410

000112

007343
007333
000162
166324
177432

007343

166304

000042
400064

166246
007343

166256

007333

177764

007324

o4

ENDEXF:

7

a8

13%:

LPAREN?

DOOPER:

RPAREN:

FPAREN:

EXINIT:

WY
BLO
CHPB
BHIS
NOVE
BIC
Cup
BHIS

JSR

T5TR
BNE
HTPS
RVS
KIPS
BRI
BYS
BC
ST
BFL
JHF

JHF

CHp

BiD
JSR
KoV
HOVD
INCB
JOR
JSR
J5R
Hov
HOVE
NOv
J5R
BR

JSR
JSR

JSR
NOVD
JSR
BR

DECB
BMI
BR

JGR
i
RTS

NTPS

Fhar,
&4

RO» 060
1]

PARANS-04D (RO} sRE

$177770R)
Rirké
DOPPER

PCsEXBOOP

BELEVEL
13s
e4CURCON
5
REAPFLD
"

13

5
BEFLAESL
12¢
GETLCH

CH0M2

T TETERRT e A
jsesy nol an orerstor

jis it gbave /?

jupsy not an orerator
ydet rarsing code
imask out the darbade

7is it an orerator?

juesy do crerator

ino more oreratorss but de rrevious one

sare we at tor level?

$hos error

jis exeression suerpsed to be valued?
inot necessarily

iwes term valued?

inoy but it was user defined

inor errov

juzs valuedr no Frohlea

rare we 1n PASSI?

inor undefined sumbol is not allowed
tget last character back in RO

sshow errar

SPy#BOTTON$10,422,42,  iis there room to recurse?
jithat was 3 words far future JSRse 11 for interustss and 1 safety)

134

PLAEXINIY
RSy-(5P)
Q4OPERAT, - (5F)
PSLEVEL
PCEXINIY
PCyBETNXT
PC:BETEXY
R3sR4

(5P 1) B4OPERAT
{8P}4+R%
PC,GETNXT
GETOPR

PCIEXTMIT
PLEXDOOF
PC/GETLEH
RO, 840PERAT
PC2GETNXT
GETERH

BHLEVEL
13%
EXDDOP
PCsRPAREN
BRSIRI

PC

SCURCON

A-61

inoy parenthesis too deep

iforce upper exeression to be valued
isave accumulator

jand erevious orerator

ishow we are goind deerer

jinitialize accum. and orerator for next level
ydet first character of nested exrression
et value of nested expression

irested value becoses orerand

jrecover oreratar

$3ang sccumulater

ydet character after right raren

tand look for next operator

iforce valued exrression
jaxecyte rrevious orerstor
idet new operator

sstore it

idet next character

ilook for a Lerm

jare we at tor level?
jusss too manu right parenthesis
jdo last orerator inside rarenthesis and return

idp 3 fetch

shas exrression already been initialized?
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115 143174
114 145200
117 145206
118 145210
117 145216
120

121 145220
122 145224
123 145226
124 143232
125 145234
126

127 145240
128 145244
12%

130

131 145250
132 145252
133 145254
134 145256
135 145260
136 143242
137 145264
138 145264
139 145270
140 145272
141 145274
142 145274
143 145300
144 145302
145 145304

102007
12737
005605
142737
000207

106437
102774
113701
004301
§0011

012702
000147

152130
143164
143164
143164
143164
152134
143164

143164
143144

152142
152154
143144
152160
143164
152164

000033

040002

007226
007343
14514¢

151372
175742

MACRD V03,00 Sunday 13-Mar-83 04!10 Pade 40-2

007343 EXINILS

007126

4%

EXDOOP:

12¢¢

OPRTBL:

BVL
HOVB
CLR
BICB
RTS8

NTPS
BYS
NOVB
ASL
JHP

NOV
JHP
JIiGABL

+WORD
+HORD
+WORD
+WORD
ORD
+HORD
+WORD
+HORD
+WORD
+HORD
+HORD
+WORD
+HORD
+HORD
+HORD

4%

$053,P40FERAT

RS

19es
iset + as default orerator
tclear expression sccusulator

$F VALY @4CURCON i show exeression is valued

PC

P4CURCON

4%

B40PERAT /R1

R1

BOPRTBL-102(R1)

FUNDEFX,R2

£RROR
LSB

LOGOR
CHONZ
CRON2
CHONZ
CHONZ

LOGAND

CHON2
CHON2
CNON2

MuLTIP

ADDIT
CHON2
SUBTR
CNoN2
DIVID

A-62

$if ewpression is valuedr do orerator
inot valued

idet orerator
ieake 3 word index

fexecute orerator

ipoint to undefined expressiocn message
ishow error



T-11 Evaluation Module Monitor WACRO V05,00 Sunday 13-Mar-83 04110 Pase 41
Parsingd Routines

o B e B e

6 145306
7 145310
g 145312

§ 145314
10 145322

11 145324
12 145324
13 145330
14 145134
15 145336
14 145342
17 145344
18

19 145350
20 143354
21 145360
22 143342
23 145354
24 145370
25 145302
26 145374
27 145376
28 145400
29

30 145402
31 145404
32 145410
33 145412
34

35 145414
36 145420
37 145424
38 145424
39 145432
40 145434
41 145436
42 145440
43 145442
LRI
45 145444

005303
010346
004747
004747
100373
012403
005001
120027
001427
004767
100402
000167

004767
004767
100410
192770
162700
004301
006301
004301
050001
000763

005303
004747
010104
Q00207

004767
Q04767
100747
152700
006301
010144
006301
006301
062401
060001
000762

166000
007034

000054
004740
175614
163742
004774

000050

166014

183674
§04732

400080

it

GETNME rarses a number and refurns all condition flads lowered.

GETHMB: {DEC

i

4%

HoV
JER
J5R
BPL
LY
CLR
CHPB
BEQ@
JSR
BNI
NP

JSR
JSR
1
38
SUB
fAsL
ASL
ASL
iy

DEC
J5R

MOV
RTS

JoK
JSR
BNl
SUE
ASL
KoV
ASL
ASL
ADD
ADD
BR

R3
R3,-(5P)
PC+BETCH
PCNUNCH
1%
(SP1+sR3
R1

RO» #0564
2%
PCyRADCH
1

CHON2

PC,BETCH
PC 1 HUNCH
i)

i
$040:R0
R1

k1

R1

ROsR1

It

R3
PCyBETNXT
RiR4

PC

PCIGETCH
PCoNUKCH
&
$060+R0
Rl
fl-t5P)
Ri

131
(SP}+5R1
ROsR1

2

A-63

isave runnind rointer to peek ahead

fis it 0 through 27
tyesy wait for first non-nueecic character -
190 back to bedinning of number

ris first nor-numeric character a period?
jyesy parse a decisal number

#1s it alrhabetic?

snor parse an octal number

7illedals label bedins with a number

iis it ¢ throush 7 or & throush 9?
inoy end of ramber

8 and ¥ are 1lledsl in actal ruabers
tnake it BCD

fsccumulate digdits
iset next didit

jdet character afier nuaber
istore value of nuaber

itreiling decimal roint

iaccumulate digits
iget next digil
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1

2 i+

3 } GETNAM rarses 2 name 3nd converts it into RADSO at locations TALTOP and
4 i TBLTCP42, It the name has z corresronding valuer it is elaced in R4,

3 ' R2 is an index to where the naae is stored. 1Y can index either the RADSQ
& § table in ROM for predefined sumbols, or the user susbol tahle, GETHAN
7 } returns condition flags to indicate these oetions as follows!

8 H V=1 means the name has no value

¢ ¥ N=1 means the naame is user defined (not sredefined)

10 i C=1 seans the nase i5 3 snemonicy directiver or verb

11 i N=0y V=0» {=0 means that the name is R0s 5P+ PCs BI» UR: etc.

12 H N=0» =0y C=1 aeans that the riase is an instruction

13 i N=0y V=1y C=1 seans that Lhe name is directive or verd

14 # N=1y Y=1 spans that the name is an undefined sumbol

15 i N=1; V=0 means that the name is 2 user susbol

16 —-

17

18 JENABL LSB

19 145450 [12737 Q00003 007341 GETHAMIINGVR  #3,Q4COUNTZ

20 145456 005001 CLR Rt

21 145440 004757 004732 It Y JSR PCyASCRAL jconvert ASCII in RO to RADSG in R!
22 145484 004767 185624 J5R PCsGETCH iget next character

23 145470 004747 004604 JSR PC+RADCH jis it a legal RADSO character?
24 145474 100431 BMI ] inor end of name

23 145474 103337 007341 DECR  @4COUNT2

26 145502 01364 BNE 1%

27 145504 010137 007320 WV R1/@4TBLTOP

28 143510 112737 000003 007341 HOVE  3:@4COUNT2

29 145514 005001 LR 3

30 145520 004767 006672 ki H JSR PLyASCRAD

31 145524 004747 165566 JSR PLCyGETCH

32 145530 004747 004544 JSR PLIRADEH

33 145534 100421 BXI 1}

34 145534 105337 (0734t DECE  @4COUNT2

33 145547 001366 BNE ki |

36 145544 004747 145546 441 JSR PCHGETCH sgiscard all characters afier &
7 145550 0047467 (06524 J8R PCsRADCH tis character still #art of name?
3B 145554 100373 BPL 4 tuesg

39 145554 000412 1153 ¢

40

41 145360 004767 000244 2% JSR PCyPADRAD tpad Rl with spaces

42 145584 010137 007320 HoY R1+B4TBLTOP istore first word of nase

43 145570 012737 000003 007141 WOV $3104C0UNT2

44 143576 003001 CLR RL

43 145600 Q04747 000244 4% JSR PC+PADRAD

44 145404 010137 007322 L1 H MOV Rir@4TBLTOPS2

47 TA5410 005303 & BEC R3 iget next meaningful character
A8 145612 004767 165610 JSR PC+BETMXT

49 145416 013700 007320 MoV BFTRLTOP RO $R0s Ri contain converted nawe
50

51 145622 005002 CLR ]2 icompare name Lo Fredefined ones
52 145624 020082 154142 108; CHP R+ DSYRE(R2)

53 145630 001011 ENE 11

A 145632 0201462 156144 CHP R1sDSYMSHZ(R2)

55 145636 001414 BEQ PDSVAL jget value of sredefined susbol
56 145640 020127 006200 CHp R12 430250802 jmight this he 2 bute sode mnemonic?
57 145644 001003 BNE 11 inp

A-64
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38 145844
37 145652
60 143654
81 145636
62 145662
63 143564
o4

6% 145670
b4 143674
47 145474
&8 145700
49 145702
70 145706
71 145710
72

73 145712
74 145714

75 15720
76 145724

77 145726
78

79 145730
80 145734
B1 14573
§2 145740
83 145742
8

85 145744
86 145746
87 145752
89 145754
89 145740
90 145762
91 145744
92

93 145770
94 145774
95 145776
% 146002
97 146004
98 146006
99 146010
100 146014
101 14601
102 146020
103 146022
104 145026
105 146032
106 144034
107 144036

108
109

110 146040
111 146044
112 144050
113 144054
114 146056

005742
001406
022222
020227
103750
000147

020227
103401
002005
006202
016204
006302
000405

020227
103004
016204
000257

000207

020227
103003
000277
000230
000207

006202
016204
006302
020227
103003
012702
000421

020127
001014
020027
001411
006202
004202
195762
100323
004302
006302
052704
162702
000257
000241
000207

012700
004747
105337
001371
000207

Monitor MACRO Y05.00

154144

008770

003670

000054

007732

000100

007700

000300

155440

000340

000064

004200

075131

155744

100000
000340

000040
004346
007341

114}

Fak H

PDSVAL:

13%:

14%;

1%

17%:

18%;

204}
194;

PADRL:

PADRAD:

o

TSF
BER
Chp
CHp
BLO
JHP

CcHp
BHIS
st
CLN
RTS

ASR
KoV
ASL
CHp
BHIS
KoV

e
BNE
CHp
BEQ
ASR
ASR
TSTR
BPL
ASL
ASL
BIS
SUR
cce
SEC
RTS
+DSABL

fov
JER
DECEB
BNE
RTS

Sunday 13-Mar-03 04110 Paze 42-1

DSYHS+2(R2} iand is namse the saae without {railing 'R'7?
PTSVAL idesy handle bute mode case

(R2+r(R2)4 iadvance to next name
R2s4TOPNAN iend of table?

10% inpt wet

GETSYH ine sateh to rredefined sumbols
R2» BDSYMUR-DSYNSinow det sumbol’s value in R4
13 RO through .

144 +k1 or higher

R2 imake a word index

$ROCR2) rR4 R0 throudh .

R2

154

R2+#DIRVRB-DSYHS
7 #BASIC or higher

BRKF IL-<DSYKUR+4-DSYNS>(R2),R4 #R1 throush B4
iflag a rredefined sumbol

PC sand return

R21 $CHNENS-DSYNS
17% $CLC or higher
1flad a directive or verb

PC jand return

R2

CBASES~<{CHNEMS-DSYNS> /2> (R2] +R4 idet value of mnesonic
R2

K2 $KNENS-DSYHS

i8¢ sHALT ar hidher
$HNCCC-MNENSsR2 §index mnemonic CCC

1%

R1»#50850302 tbute mode naae?

208 o

RO+ #<230504 270450401 $SWAB aneaonic?
20¢ juess not bute mode

R2

R2

FARAMS-< {MNEMS-DSYRS>/4>(R2) rinstruction legal in bute mo
218 o

R2

R2

$1000G00sR4 1adjust pecode to byte mode

$MNENS-DSYMSIRD jadaust index to instruction tatle

iflad an 1nstruction
fC
L5k

$040:R0

PCsASCRAD

@4COUNT2 yroutine to rad RADDO trirlet with spaces
PADRL

FC

A-65
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A b L R

4 145050
7 148064
B 146070
9 146072
10
11 146074
12 146100
13
14
15 146104
16 146110
17 146114
18 146114
19 146322
20 144124
21 146132
2 14613
23 146140
144148
25
26 146150
27 146154
28
%
30 146156
3t 144142
32 146146
33 146170
34 148174
35
%
37 146176
38 148202
39 146206
40
41 148210
42 146214
43 146220
44
45 146222
&6 144230
47
18 146232
49 146240
50 146242
51 146246
52 146250
o3 148252
54 146254
55 148262
S6 14626
57

004747
120027
001002
000167

010004
000147

110137
004767
005303
15737
100403
042737
120027
201104
113737
900302

152701
000753

412700
103060
077003
005037
000447

142701
152701
Q00734

142701
152701
000731

012737
(00451

132737
001447
106437

106044
102443
162702
D04747
004767
000432

185326
000015

175066

165322

007330
165312

947330

000001
000015

007330

000002

(00020
007757

007754

000100
$00200

000200
000100

007320

000002

007332

000004

003420
003404

007736

007331

007462

007327

P+

H GETLIT parses ASCII literals.

GETLITS:

SETHOD:

EABSY:

ECAN
1%

-

EBYT::

EINS::

ECLRYS

EDEL::
EDELL

JOR
CHPB
BNE
JHP

MOV
Jup

HOVE
J5R
DEC
1818
BHI
BIC
CHPR
BNE
HOVB

BIGE
EBR

MOV
CLREB
S0B
CLR
BR

RICE
BISB
Bk

BICR
BISR
BR

N0V

BITB
BEQ
NTPS
BPL
BYS
SuB
JSR
J5R
BR

PCoGETCHE jget next characters don't fold case
RO, $015 fis it <CR»?

14 ino

CHONZ jerrory rio character on line

ROrR4 istore value
GETHXT jget neut characterr return

R1,@4THPNDD

PCeGETHXT

Rl

4 THPHOR

1%

#1:048R00R itix address when leavind bute mode
RO, #0135 jis mode command last coasand on line?
ECON ng

S4THPHOD » E4PERMOD jupsy set parsarent modes

ECON

$F . ABS R
SETHOD

$201R0
BRKFIL-1(RD)
ROs1t
B4$NATCH
ECON

§F, INST4RY
#F.RYTN:R)
SETHOD

#F.BYTH:R1
#F INST4RI
SETHOD

$TBLTOF s@4TBLROT ;move sushle table rointer Lo emrty position
ECDN

#F VALUYB4LASCOK s was 1ast "command® valued?

EERR juesy nat Just & nase

BIEXPFLE

EERR rcan’t delete rredefired sushols
EERR ican't delete a forward reference
$4:R2 iback ur to serecified entry

P TYPEYM ttuee current value before deletind
PCyDELSYA idelete entry

ECON

A-66
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5B 145270

59 1446274
&0
&1
42 144274
63 146302
44 146306
LY

b6 146312
&7 146314

68
&9
70 145320
71 146324
72 146330
73
74 146332

75 146336
76 145344

77 144350
78 146354
77 145340
BO

Bl 1446344
82 146370
B3 144372
84 144374
BS 146400
84 144404
87 146412
88 144414
BY 146416
90 145420
91 146424
92 148426

73 145432
94 1464386

95 145442
P6 146444
97 144446
8 145450
9% 145454
100 148456
101 146480
102 L46484
103

104 146470
105 146474
106 146474
107 146502
108 144504
109 144510
110 144512
11

112

113 146516
114 144520

14271
000703

016537
110337
000167

142701
000472

004747
004747
000115

016744

042747
004757

012647
000147
000147

104437
100373
010502
013701
142737
005737
100760
420201
103740
165737
100404
042701

052702
013704

060204
160104
010400
105737
100401
033304
04747
004767

020027
103415
020427
103012
020427
103403
020027

103404
012702

Monitor MACRO VO5.00 Sunday 13-Mar-B3 04310 Page 43-1

000300

407444
007430
174734

000002

165102
174172

040772

000200
003360

040734
175224
174500
007324
007334

040010
007706

007330
000001

006001
607754

047330

006044

004034

004500

026000

010000

020000

154474

040744

007324

ENUM:

EREP:

ESYH::

EEXT?

EREG!:

ECON:
EERR:

2%

441

+
+

'

BICE
BR

KoV
HOVB
JHP

BICE
BR

JGR
JSR
Jup

HoV
BIC
JSR
HoY
JHP
JHF

HiPS
BPL
Hov
oY
BICB
157
hif
CHp
BLD
TSTR
BT
BIC
BIS
LY
ADD

SUB
MOV

TSTR
BMI
0eC
JoR
J5R

CHF
M

BHIS
Cup
BLO

cHp

BLO
Ll

$F  INSTHF . BYTHsR1

SETHOD

RS+ R4REPEAT senable rereated execution

R3,@4RP jzct like 3 new line starts after <ESCY W

CHDN4 rexecute rest of line rerealedly

#F.ABSR1

SETHOD

FCyGETNXT 1det character after 2

PC+BETEXP irarse transfer address

[ i)

THPMOD, - LSP) ifor bete acde

#F.BYTK,THPHDD

PCyTYPREG ityre contents of registers and watcheoint

{SP})THPHOD  irestore flags

CHONS

CHON2

BRLINFLE scee if underline has been executed

EERR sit hasn‘t--error-- missing raranster

R3+R2 sdet final address of source meapry block

245AVEXP R rget startingd address of source

$F .SAVXB4LINFLGishow that saved expression has been used

PHFLAGSL iare we in PASG1 mode?

ECOM tues) don’t execute move

R2:R1 iis final address below starting sddress?

EERR iuesy show error

BETHPACD jare we in bute mode?

1% Y 1]

$14R1 telse force starting address to even toundary

$1,82 jard tinal address to odd boundary

PESADDR R4 ydet siarting address of destination block

R2:1R4 scalculate finel address from length of source

R1:R4

RasRO isave result for later

BETNPNOL sare we in bute sode?

2% ryes

R4 jadiust result for previous BIC and RIS

PC+ADRCH2 jcheck that final destination address is legal

PLsADRCH1 sget starting destination address and check it

inow see if destinalion addresses straddle erotected RAM

RO #8UR i finel addr below lower instance of rrob RAM

3 tyess destinstion range 0K

k45420000 $is start addr above ueeer instance of rrot RAM

3 tuesy destination rande OK

R4: 310000 sdoes destin overlae lower instance of srot RAM

i juess rande is unacceriable

RO $20000 iis final addr below ueper instance of prat RAM
sthis is a trick test — we know RO is not
iwithin the range $UR+10000--17777 froa ADRCHZ

ki tyess rande doesn’t overler ueeer instance

SUSERAMRZ yeoint to user RAN error messade
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115 H46524
Ls

117 146530
118 144532
119 146534
120 144534
121 146540
122 146542

123
124 146544

125 146546
126 146550
127 146532
128 144504

129 146356
130

131 146560
132 145564
133 146566
134 146572
135 148800
136 146604
137 146610
138 146612
139 146614
140 145620
141 146624
142 148624
143 146632
144 146636
145 146642
146 146644
147 146652
148 144456
149 146660
150 146864
151 148664
152 146670
153 144472
154 148674
155 146700
156 146704
157 146710
158 146712
159 146734
160 146720
161 146722
162 146724
163 146730
164 146732
165 146734
166

167 144740
168 146742
169 144744
170 144745
171 146752

000167

020401
103004
112124
020102
101775
006704

005202
005200
114240
020201
101375
0004676

106437
100275
010537
142737
004747
004767
(24644
010516
00064
120027
001010
004767
004767
010566
005144
013704
105737
100430
042704
411401
011400
074001
844401
001005
004747
004747
000405
605204
105737
190401
005204
020417
104750
022626
900147

111401
011600
074001
048601
042701

174442

007324

007334
000010
144622
175712

00002
600137
164574
175664
400002
200002
0073346
007330

000001

000002

006344

006204

007330

$07334

§74452

103502
177400

007324

L H

I

EFND3}

NP

CHP
BHI
MOVR
CHF
BLOS
BR

INC
INC
HOVEB
ChP
BRI
BR

HTPS
BPL
Kov
RICB
J5R
J5R
CHP
Hov
CLR
CHFR
BNE
JSR
JSR
HOY
COH
MoV
TSTR
BMI
BIC
Nov
KoV
XOR
BIC
BNE
JSR
JSR
3R
INC
TSTR
ELH
INC
CHp
BLOS
CHP
JHP

MOVE
KoV
XOR
BIC
BIC

ERROR

R4sR1

]

(R1)435 (R4
R1+R2

[\ ]

ECON

R2
RO

-(R2)»-{R0)
R2:R1

7%
ECON

PHLINFLG

EERR
R BRADVAIR

serint arror messade
inow see if destination block is shove or below
jsource —- abave means use backward transfer

ielse do forward i{ransfer

ido entire block

iagJust pointers for autodecrement
irerfora backward transfer

ido entire block

isee if underline has been executed

#it hasp‘t--error—wissing rarameter
jsave uprer search range liait

3F SAVE BELINFLGshow that saved exeression has been used

PCoGETHAT
PCsGETEXP
-(5P-{SF)
RS+ (5P}
2(5P)

RO+ 4137

1
PCyGETNXT
PCyGETEXF
RS:2(5F)
2(5p}
SESAVEXPRA
B4THPNOD
4%

+15R4
BR4,RE

{SP) RO
ROsRE
2(5P}sR1

R}
PLsTYPADBR
PCyTYPLOL
&%

R4
P$THPHOD
&8

R4

R4 B4ADVADR
2%

(SP)4s (S
CONTIN

#R4sR1
(5P1:R0
ROrRY
2{8P) sk
§177400sR1

A-68

sdet character after F

idet value ta be searched for

raake seace for two seratch location an stack
isave value to be searched for on stack
rinitialize comrlement of search mask to zerp
iis next character 3n underscore?

inar ortional mask paremeter nol rresent
idet character after underscore

iget search mask

jstore it on stack

iconrlement mask

iget ctarting address of search range

jare we in bute mode

iwess perform butewise search

1for word searchr make sure address is even
tget a word

idet search value

icomrare values

vignore bits that are mashed out

ino m3tch

t4vre address of metched location

iture contentss but not as an instruction
iTYPLOI 2lreads incremented R4

jadvance to next location

rare we in bute mode?

iuesy advance by one

jelse advance s whole word

isee if entire range has been checked
seontinue searching

idiscard stacked values

jracover character in ROs rarse next cossand

iset a bwte

+get search value

icomrare values

jidnore bits that are masked out
ildnore discrepancies in hidh bute
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172 146756
173

174

175 146760
176 146764
177 146770
178 146774
179 147000
180 147004
181 147010
182 147014
183 147020
184 147024
185 147030
186 147632
187 147034
188 147036
189 147042
190 147045
191 147050
192 147054
193 147040
194 147064
195 147070
196 147072
197 147076
198 147102
199 147106
200 147110
201 147114
202 147120
203 147124
204 147132
205

206 147136
207 147140
208 147142
209 147144
210 147146
211 147152
212 147156
213 147142
214 147164
215 147166
216 147170

000747

004747
013704
012702
032704
0047587
032704
004747
1IN
012702
132704
001402
004747

012702
132704
001002
012702
004747
012762
132704
001402
004767
012702
132704
001002
004767
012702
032767
004767
000147

10674
106416
001601
022222

004787
012700

004782

106424
001401

022222
000247

164540
007704
154254
100000
000132
004000
000122

007330
156356
000100

000100

156344
000002

156412
000056
156362
000200

teA878
158376
000300

000022
156432
004000
400004
177216

164622
004440
164344

040203

ENOD3

e

S H

208

b s
hud

ki

BR

JER
Lt
Hov
BIT
JSR
BIT
JSR
HOVP
MV
BITR
Bt
JSR

Hov
BITR
BNE
MOV
JoR
I
BITE
BEQ
JER
wov
BITR
BNE
J5R
HOv
BIT
JSR
JHP

HFPS
HTPS
BNt
CHp
JSR

JSR
NTPS
BED
CHP
RTS

o4

PCICRLF
PEFLAGRL +RY
$DIRVB1RZ
#F .PAS1IRS
PCrls

#F \HOST/RA
PCr1%
2ETHPHOD R4
$PIRVBI,R2
. INST RS
1%

PCy1%

BIRVEAIRZ
#F . ABS: R4

(1]
$DIRVBSR2
PLr 18
#0IRVBHsR2
§F . BYTH R4
%
PC+PRINT2
FDIRVBN-4,R2

#F INST!F BYTMsR4

208

PCs18
$DIRVETH149R2
#F VT+PERNOD
PCs18

ECON

-{5F)

(5P}

24

(R2)1: (R4

PCsPRINT2
#4002011+040,R0

PC»CHROUT

(SP)t
I%

(R2}ty(R2i4
£C

A-69

rstart 3 new line

sdet 2 copus of some mode fladgs

sroint to PASS] coemand

isee if we’re in PASA1 or PASS2
irrint srorer mode and point to NOPROT
ssee if HOST or NOHOST is active
jerint »roper mode

jdet 3 cory of the rest of the mode flags
iraint to INSTRU command

ysee it instruction mode is active
fbranch if not

irrint prorer mode

iroint to ABSOLU command

isee if absolute or susbolic mode is active
tabsolute sode

spoint to susbolic wode

iprint prorer mode

spoint to BYTE command

isee if bute mode is active

iit isn‘ts erint nothing

jelse print BYTE comsand

iroint to word acde

pif not bute or instruction then word

senint to visode

jsee if set

idy show wich vt sode
jand return

isave 1 flag

jdet back a cory

sprint coamand sointed o by RZ
selse advance to next comeand
terint cosmands advance R2
i{sparer <iab:

irecover I flag
#if we advanced befores don’t do it adain
jskip aver next command
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Parsing Routines

1

2 SBRTTL  Directive and Verb Handling Roulines

3

4 147172 162702 000100 DOVEREIISUR $DIRVRB-DSYNS+R2; remove offset fros index to verb
5 147176 004202 ASR R2 iaake it 3 word indey

& 147200 020227 000042 CHp R2:$VRBDSL-URBISP $is this verb an <ESC) sea. rerlacesent
7 147204 103403 mno 14 yno

B 147206 005303 pec R3 smake it so that we can use rrevious routines
¢ 147210 013701 607330 Hov e4THPRODIR itros the escare secuence handler
10 147214 000172 147220 It H JNP QURBDSP(R2) #diseatch to proeer handling routine
11

12

13 147220 URBDSP::

14 147220 147320 +H0RD  HELF

15 147222 147432 HORD 6D

16 147224 147418 JMORD  STEP

17 147226 150202 HORD  PASSI

18 147230 190212 ORD  PASS2

19 147232 150222 HRD  HOST

20 147234 150308 WMORD  NONOST

20 147236 150304 LHORD  TALK

22 147240 130442 MORD  LOAD

23 147242 143144 SWORD  CHON2 7+ START

24 147244 143214 LMORD  CMONI i +END

25 147246 14777% JWORD  ¢.EVEN

26 147250 147700 HORD  $.AGCI

27 W7X52 147468 WORD  $.BYTE

28 147254 147560 WORD  SLRORD

29 147256 147434 (WORD  $.BLKR

30 147240 147554 JWORD  $.BLKK

31 147262 146150 YRBDS1: .WORD  EABS +ABSOLLU  eoint to the start of escare
32 147264 144158 JMHORD  ECAN FCARCEL

31 147266 136752 +WORD  SHALT TEXIT

3147270 146176 JNORR EBYY FRYTE

35 147272 146210 ORI EINS #$INSTRU

34 147274 146222 HORD  ECLR JCLEARS

37 147276 147444 WORD  DELETE sDELETE

18 147300 144270 HORD  ENUK FWORD

39 147302 150012 +WORD  4RFEAT iREPEAT

40 147304 (48312 HMORD  ESYN $SYRBOL

41 147304 146760 JHORD  EMOD $SHOWND

42 147310 144332 MORD  EREG SHOWRE

43 147312 152040 WORD  TYPTBL # SHOWSY

44 147314 147374 «ORD  VTON FUTON

45 147316 147406 JWORD  VTOFF tUTOFF

44

47 147320 012702 156242 HELP}: MOV $DIRVWRBIR2 tture the verb/directive table on the console
A8 147324 004767 144174 24! JER PC:CRLF istart 3 new line

49 M7I0 112737 000610 DO734AL HOWB  #B.sRBCOUNT2  $put 8 commands on 2 line

S0 1473346 004747 1464472 It H JSR PCsPRINT2 jerint a cosmand

51 147342 020227 156442 Cip R2 $THNENS thave we done the whole table?
52 147346 103010 BHIS 3% Y1

3 147350 165337 007341 DECR  94COUNT2 shave we finished 3 line?

54 147354 001763 BED 2% Fues

55 147356 012700 004440 Koy $400R01140409R0 itype <seace> {tab>

36 147362 004767 1464142 J5R PCCHROUT

97 147346 000763 ER 1

A-70
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58

59 147370
40

61 147374
82 147402
63

44 147406
&5 147414
86

67 147414
48 147424
69 147432
70 147440
7

72

73 147444
74 147444
75 147452
76 147454
77 147482
78

79

80 147465
81 147474
82 147500
B3 147504
B4 147512
85 147516
B6 147522
87 14752
88 147530
89 147534
90 147540
91 147542
92 147544
93

94 147550
95 147556
9%

97

98 147560
99 147566
100 147572
101 147576
102 147602
103 147604
104 147610
105 147614
106 147416
107 147622
108

109 147624
110 147432
11

112

113 147634
114 147540

000147

052747
000167

042757
000772

052737
152737
023727
000167

005203
004747
005303
132737
000167

013737
004767
113744
052737
013704
004747
112637
110514
045237
120027
001003
004767
000752

RPLY)
006571

013737
0047467
013704

004757

010524
010437

120027
001002
004747
000741

0z
000543

004747
106437

174214

004000
174174

004000

060200
000001
007744
172256

175040

000002
176552

007754
179022
007330
400200
007334
005005
007330

007324
400054

143660

007334

007756
174730
007334

004726

007334
000054

162604

207334

174862
007326

Kt H

Q37726  VTON:
VTJHPY

037714 VTOFF:

007706 STEP:S

007324
004300 GO::

DELETE!

007324

007334 $.BYTE!

s

00733¢

007736 2%%

JHP

BIS
Jip

RIC
BR

RIS
BISR
CHp
JNF

$INC

JSR
DEC
BITH
JHP

il

JSR
#OVE
BIS
KoV
J5R
NOVEB
HOVB
INC
EWPB
BNE
JSR
BR

MOV
BR

007334  4.WERD: KOV

1#:

007756 2%:

JOR
MOV

JoR
Hov
Hov
ChPR
BNE
JSR
BR

KOV
BR

$.BLKB! ! JSR

HEPS

CONTIN irecover character in R0s continue earsing line

$F T, THPNOD rturn vt mode on
CHON3

¢F.UTTHPMDD  iturn vt off

YTJNF

#F (SSTyPHFLAGS] fshow we are sindle sterring

$F.S5TL PHLINFLG

F4$SP 1 $SUR tis user SF in nis RAM?

$G601 iuse kewrad monitor G0 routine

R3 scounteract earlier DEC R3 in this case
PCsGENEXP yget sunbol nawe to he deleled

Rl »now rrerare to use {ESC seauence routine
#F VALL »@4CURCOMI rerlaces test on LASCOM in EDREL

EDEL1 ido to routine to delete a sumbcl

RE$ADDR) P¥ADVADR i det 3 scratch cors of current address
PC»GETEXP jded a value to be deppsited

PETHPKODs-(SF) +fool ADRCHK into thinking we are in bute mode
#F  BYTH, 24 THPHOD

2HADVADR R4 $get running ecory of current address

PCsADRCHZ jeheck that it’s not in erotected RAM
{SP)4+,@FTHPMOD  srectore sroFer mode bits

R3s8R4 rderosit 2 bule

EFADVADR tadvance running address

RO,3054 #1s nex! character a comma?

24 ino

PLs GETHXT sget character after comms

14 rderosit another bute

PHADVADR ) PESADDR surdate current address
VCON

@4$ADDR P4ADVADR i get 3 scratch cors of current address

PCsGETEXP sdet 2 yalue ta be derosited

PHADVADR 1 R4 tget running address

PCsADKCH2 jcheck that it’s not in srotected RAN
RS (RA} ydeposit 2 word

R4s@3ADVADR tadvance running cory af current sddress
RO» $054 +is next character a comma?

2% ino

PC,GETNXT tdet character after coama

13 ] sderasit snother word

BHADVADR, B4$ADDR s update current address

VCON
PCsGETEXP yget srdument
A¥CURCON tcheck if it contained undefined sumbols

A-T71
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{15 147444 001148 BNE VERRL jit dids refuse .BLKR directive

114 147646 080537 007734 ADD R32@4$ARDR 1add it Lo current sddress

117 147652 000533 BR VCON

118

119

120 1474654 004747 174642 $,BLKW: } JSR PC:GETEXP idet ardument

121 147640 106437 007324 NTFS  @4CURCOM jcheck if it contained undefined suabols
122 147664 001134 BRE VERR? §it didr refuse BLKW direetive

127 147666 010504 noy R3sRA saake a3 scratch cory

124 147470 006304 HSL R4 jdauble it

125 147672 040437 007755 ADD ReB14ADDR 7add it Yo current address

124 147676 000521 BR Lt |

127

izg

129 147700 110037 007145 $.ASCIIIMOVE  RO:BEDELIN fsave delimiter

130 147704 013737 007756 O073M MOV S4SADDR O4ADVADR 1 det a2 seratch cory of current address
131 147712 004767 163474 1$ JSR PC»BETCHC idet niext characters don’t fold to uerer case
132 147716 120037 007345 CMPE  RO,B4DELIN thave we reached delimiter wet?

133 147722 001417 B0 2% juesr done

134 147724 113744 007330 NOVE  B#TNPHDDs-{SP) ifoal ADRCHK into thinking we are in bute mode
135 147730 052737 000200 007330 RIS #F , BYTH, R4 THPMOL

1346 147735 013704 007334 My BHADVADR +RA idet runnind copy of current address
137 $47742 004767 (004542 JSR PC+AIRCH2 jcheck that it’s not in pratected RAN
138 147744 112437 007330 NOVE (SP1+,@4THPHOD srestore rrorer mode bits

139 147752 110014 KOVE  ROs2R4 1deposit z bute

140 147754 005237 007334 INC BHADVADR fadvance rupning address

141 147760 000754 BR 1%

142

143 147762 013737 007334 007736 2%) KOV BEADVADR, B#$ADDR iupdate current zddress

144 147770 004747 143432 J5R PLAGETNAT et character after delimiter

145 147774 000442 BR VCON

146

147

148 147776 005237 007754 $ EVENIITNG PESARDR

149 150002 042737 000001 007756 BIC 4#1s@4$AD0R

150 156018 000454 BR VCON

i3

152

153 150012 005203 $RPEAT: I INC R jcounteract earlier DEC R3 in this case
154 150014 Q04767 174502 JSR PC/GETEXR idet rereat count

155 150020 105437 007326 KTP5  @CURCOH jcheck if it contained undefined suabels
156 150024 001054 BRE VERR] iit dids refuse REPEAT commard

157 150026 005705 18T RS rsee it 3 rereal of zero wes diven

138 150030 001450 BEQ RERR irefuse zero

159 150032 120027 000054 CHPE  RO.$054 jcheck thatl 2 coams follows

150 150036 001043 BNE VERR tno commas errors aissing rarameter

161 150040 000167 176232 JHP EREP igo to rereat comwand line routine

152

163

164 JENABL 15B

155 150044 005203 MOVELT INC R3 seaunteraet earlier DEC R3 in this case
166 150044 004747 000004 J5R PCei% jget address rair

167 150052 005303 DEC R3 jprerare io use <ESC> seauence rountine
168 150054 000147 174304 JHF EMOY jdo to routine to move @ memory block
14¢

170 150080 004757 174436 143 JSR PCyGETEXP ydet first address

171 150064 120027 000137 CMP3  RO»#137 jis 1t followed bw @n underline?

A-T72
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172 150070
173 150072
174 150076
1753 130104
176 150110
177

178

17% 150114
180 150116
181 150122
182 150126
183 150130
64

185

184

187 150134
138

189 150142
196

191 150146
192

193 150152
194 150138
195

174 150162
197 150164
98

199 150172
208 150200
201

202 150202
203 150210
204

205 150212
206 150220
207

208

209 150222
210 15023¢
211 150232
212 150234
213 150242
214 150248
235 150254
216 150240
217 150266
218 130274
219 150302
220

221

222 150304
223 150312
224 150314
223 150320
226 150326
227 150334
228 150342

001026
010537
152737
604747
000147

005203
004747
120027
401007
000147

062717

000167
000167

012702
080147

012702
000147

042737
000740

052737
000754

(42737
000750

032737
001344
105037
105037
004747
052737
105737
012737
112737
11273
000167

105737
160713
105037
112737
112737

042717
Qo067?

07338
000010
163316
174404

177736
00D054

174424

04000
173450
173012

151412
173030

151372
173020

040000

100060

100000

004000

007672
007673

164656
004000
177550
134540
000046
000044
173304

007673

007673
000042
000042
004006

607324

007706

007704

007704

Q077046

0607706

.

007706

049120
007711

177452

007711
177452

407206

BNE
ROV
BISH
JSR
JHP

FIND:: INC
JSR
CHPE

BNE
JHF
+DSARL

NOPROT: :BIS
VEDN:  JNP
VERR:  JWP

RERR: MOV
JP

VERRL: NOY
e

PROTEL: :RIC
ER

PASSIEY BIS
BR

PaSS2:T BIT
BR

KOST:: BIT
BNE
CLRB
CLRB
JER
BIS
TETR
Hov
HOVB

HOVE
JHP

NOHOSTS S TSTR
BMI
CLRE
Hove
NOVE
BIc
R

VERR inps missind earaseter
RS #45AVEXP tsave the first address
#F,SAVX,PELINFLG i show we have saved scapthind in SAVEXP

POIGETHXT 198t character after underline

GETEXP idet second address

R3 jeounteract earlier DEC R3 in this case

PCs1$ 1det address pair

RO $054 iis 1t followed by a comma?

VERR ing: aissing raramter

EFND id0 to routine o find 2 value {search aesory)
LS8

$F . PROT»@4FLAGS11turn off wonitor seratch #rotection
ifall into VCON

CHONG tcontinue parsind

CHONZ fdeperal error

$REPOFOsR2 irerest of zero error
ERROR

FUNDEFX (R2 sundefined exrression error
ERROR

#F  PROT 1 P4FLAGS] 1 burn or sonitor scratch rrotection
VCON

#F .PAST)@#FLABS1sshow we are in PASS1 mode
UCON

$F.PAGE, AEFLAGS13show we are in PASSZ mode
YCON

#F HOSTBHFLAGS1s are we ziready in host mode?

VERR 14e%s errar

ESHFP jinitialize host ineut buffer

BPEHSTFLG tand host flads

PCySETAXZ imatch aux port baud rate to console rort
#F (HOST» PHFLAGS] i set host mode

BEASRBUF tdiscard any garbase in the rorl

SHOSTIN. @#AUXIH shook up host ineud service routine
$044,B4AUXFLG  isave 3 new capy of ASCREG value
$044,@3ASCREG  jenable aux rort receiver Interrupt

CONTIN i recover character in RO
PHHSTFLG iare we in host load mode?
VERR tugsy refuse NOHOST comsand
eHSTFLG iclear hest flads

#0312/ 084UXFLG  isave 3 copy of new ASCREG value
$042:@4A$CREG  idisable aux rort receiver interruet
#F HOST.@4FLAGSL ishow we are not in host mode

UCON

A-73
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2%

230

231 150344
150347

232 150352

233 150354
150357
150342
150345
150370
150373
130376
150401
150404
150407
150412
130415
150420
150423
150424
150431
130434
150437

234 130441
235

23
237 150442
238 150442
239 150450
240 150452
241 150456
242 150460
243 150466
244 150470
45

246 150472
247 150500
248 150502
24%

250 150504
251 130512
252 130514
253 150520
294 150522
255

256 150530
257 150534
258 150540
259 15056
260 150550

281
262 130556

243 150542
264 150566
265 15057¢
266 130574
247 150574

056
101
015
105
105
124
040
050
123
105
040
050
116
102
101
054
101
173
104
101
077
000

032737
001410
105737
100405
152737
005002
000417

032737
001622
000207

032737
001615

105737
100412

142737

104427
005737
105737
004767
112737

004747
105737
100017
113701
000240
004201

123
122
012
040
130

122
122
125
051
102
123
104
122

i3

040
040
105
040
051
000

004000

007673

000100

020000

004000

%7873

000100

000300
177362
177550
162754
000011

000344
177540

177352

124
124

050
111
054
040
105

115
054
040
105
040
105
051
i3
050
116
136
00

007704

007573

007706

L)

007673

177444

$,5TRTS

OPTION:

BLOAD:
L0AD::

LERR?
124

TALK::

TALKL:

ASELT

sBYTE
ASCIZ

1BYTE

+ENABL

BIT
BER
187D
BNI
BISE
CLR
BR

BIT
BED
RTS

BIT
Bed
1518
Bx1
RICE

NTFS
8T
TSTR
JSR
HOVB

JSR
TETE
BPL
MOVEB
NOP
ASR

/.START/ istring to match for enablind of load aode
0154012 i<CRY, <LFD

/E (EXIT): R {RESWHE): B (SEND BREAK)s "A (SEND ~A) %/

0 {because the linker won't zero fill

LSR

#F HOST @4FLAGS1sis host mode enabled?

LERR inos refuse LOAD coamand

HHSTFLE fare we in host load mode?

LERR tuesy refuse LOAD cosmand

¥F . LDSTB4HSTFLBishow we want to start loading uron .START
R2 jinitialize index to match .8TART strind
TALK1

#F FBAS,B4FLAGS 15 2re we running Tiny Basic?

VERR ino

FC jyesy return to BASIC

$F . H0ST,PIFLABS 35 host sode enabled?

VERR inor refuse LOAD command

B#HGTFLG jare we in host load aode?

VERR yesr refuse TALK cosmand

#F LDST/@B#HSTFLGI show we want to ignore .START

$300 #disable interrurls excert console break
G§CIRBUF jclear anw darbage in the ports

HHSRBUF

PLICRLF rstart 2 new line

$011,@4P$PORC  iturn on LED during virtual tersinal oreration
PC2CLRAPE iclear aux rort error

P4CIRCSR tuser tupe a character?

2% ino

R4ASSREG,RL scheck host rport status
;328 place holder for the above line ¥XX

i
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248 150400 143012 RCC 2% iCTS not asserted or transeitier not earts
269 150602 013700 177582 MoV Q3L $RBUF 4RO iget character from console

270 150606 100407 Bl i iidnore error characters

271 150610 042700 177600 BIC $177600:R0 yaske sure ng rarity bit set

272 150614 120027 000001 CHPR RO+ #1 jis it " ?

273 130620 001430 BEQ R jvesy exit talk mode

274 150622 110037 17M50 I3 H KOUR  RO.@4ASYBUF inor outeul character 1o host

275

276 150426 113701 177552 2% NOVE  @RASSREG:RI ycheck host rort status

277 150632 132701 000002 BITE  #002:/K1 ido we have a characler?

278 150636 001751 BEQ 1% iro

27% 150440 113700 177550 NOVR  EHASRBUF /RO tdet character from host

280 150644 042700 177400 BIC $177400:R0 irrevent sidn extend

281 150430 132701 000170 BITR $1704R1 iis it tregk or an error?

282 130654 001340 BNE 44 fyesy idnore character

283 150456 132737 000100 007473 RITR  #F,LOST,Q3H5TFLG5are we looking for JSTART?

284 150664 001420 BEC b o

285 150486 Q1001 Hov R1RI1 yagke 3 scratoh cory of character
286 150870 005702 ist R2 idon't fold the reriod

287 150472 001402 BEQ 143

288 150474 042701 (000040 BIC $040+R} itold lower case to urrer case
289 150700 120142 150344 14¢:  CMPR  R1+4.STRT(R2) +does character malch?

296 150704 001007 BNE 4 inos go back to the *.' in GTART and Lru adain
291 150704 005202 INC R

292 150710 020227 DO0G0& cup R2: 46 thave we matched entire string?
293 150714 103404 BLG 9% ingr continue with next character
294 150716 110037 177544 #OVE  RO.@ECEXBUF ysend the character without delawd
295 150722 000470 RR 74 iz matchr start loading

296

297 150724 005002 4%] CLR R2

298 150726 105737 177564 it H TSTE  B4C$XCSR tis console port ready for a character
297 150732 100313 RFL 1t ino» dror character

300 150734 110037 177564 MOVE  RO»@4CSXBUF juesr echo characler to console
301 150740 000710 BR 13

302

J0 150742 012701 150392 I8t KoV $0PTIDNR1 troint Lo messade

304 150746 004767 143002 JSR PCyPRINTA serint ASCII string on console
305 150752 105737 177560 B! T5TR  @4CHROSR twait for 2 character

306 150756 100375 BPL B4

307 150760 013700 177542 Xov BECSRBUF SR yget characier fros console

308 150744 100772 BHI 8 jcharscter caused an erraty tey sdain
10% 150746 042700 1774600 BIC $177600:R0 jmake sure no sarity bit set

310 150772 110037 177564 MIVE  RO-B4CSXBUF jecha character to console
31150776 120027 000001 CEPR  RO+#i tis it "A?

312 151002 001707 $EQ 7% jyesy send it to host

313 151004 Q42700 000040 BIC $040,R0 1fold lower case io ueper

J14 152010 120027 000102 CHWPE  RO##102 yig it B7

315 151014 001012 BNE 104 110

116 151018 012701 100000 Hov $100000:R1

317 151022 112737 Q00057 177452 HOVB  #057,@ASCREE  iceng break

318 151038 077101 1% S0B Rire inait g while

319 151032 112737 000047 177452 HOUR  $047,BEASTREG

J20 131040 000430 BR s iresuse two-Way communication

3 .

322 151042 120027 000105 {1} ¥ CHPR ROy$105% ris it E?

3123 151046 01245 BNE 18 inos Tesuse communination

124 151050 112737 000010 177444 KOVB  BO1ORMFIPORC  siurn off LED indicator
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Directive and Verb Handling Routines

125 151056
326 151084
327 151070
328 151076
329 151100
130

331 151104
332 151112
333 15112¢
334 151124
335 151132
336 151140
337 158142
338

337 151144
340 151154
341 151142

142

112737
106427
032737
$01201
000167

152737
112737
112737
106427
032737
001356
000157

112737
112737
000207

000044
000000
020000

i72112

000200
000010

000044
000000

020000

172056

000047
000047

177452

007706

007673
177444
177452

007704

177452
177452

CLRAPES

MOVE  #044,@4ASCREG

Sunday 13-Mar-B3 G4310 Pade 44-4

+disable aux rort transmitter interrurt
ireenable intercuris

BIT #F TBAS,B4FLAGSIiare we running Tiny Basic?

KPS ¥000
BNE 12¢
JNP CHON3

juess return to BASIC
ireturn to console monitor

BISE  #F,LDADs@#HSTFLGiset host load aode

MOVB  $010,B4P$PORC
HOVB  #044,04A4CREG

iturn off LED indicator

idisable aux port transmitter interruet
freenable interrusts A.5.4.P.

BIT #F . TBAS, @#FLAGS] fare we running Tiny Rasic?

KPS #0600
ANE 13¢
JHP CH0M31

HOVB #0567 ,R4ASCREG

MOUB  #047,PHASCREG
RTS8 PC
+DSABL LGB

A-76

rues) return Lo BASIC
sreturn to console monitor

iclear aux port error flads
yasser DTR» RTS, enable aux rort xmit and recy
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Directive and Verb Handlind Routines

o el B e

3 151144
& 151172
7 151174
8 151200

7 151204
10 151210

i1 151212
12 151214
13 151220
14 151224
15 151224
15 151232
17 151236
1B 151240
19 151242
20

21 151244
2 151252

7
24

25 151256
26 151260
27 151264
28

29

30 151266
3 151272
32 15127
3

34 151302
35 151304
36 151310
37 151314
38 151320
39 151324
40 15132
AL 151330
42 151334
43 151340
M

45 151342
46 151344
47

48 151346
49 151350
50 151354
51 151340
52 151362
53 151364
54 151346
55 151370
56

57 151372

132737
001423
010237
004787

106437
100434

103413
004747
106437
001010
013762
020227
103467
101012
0001847

012702
000147

006202
010562
006404

042705
010542
000167

102021
013744
013744
004747
106437
001004
010504
012437
012637
000444

022626
000734

010446
004747
106437
001332
010504
022604
001325
000742

102564

+SBITL Sumbol and Label Handling Routines

000002 007327 DOSYMBIIBITE  #F.VALU.B4LASCOMicheck that last ‘coasand' was not valued

007334
142222
007332

173302
007326

007334

000054

171716

151372
171734

007732

000001
Q07706
172314

007320

007322
173202

007324

007322
007320

173144
007326

020071 054114

JENABL LS

BEQ I

Nov R2: 24ADVADR
JER PC+BETNXT
MTPS  REEXPFLE
BAT 1%

BCS I

J5R PCyBETEXP
NTPS  @4CURCON

ENE 13

nv BFADVALR(R2
Cp R2y $DSYMUR-DSYNSiwhat is name?

BLO A
BH1 5
EiH JHP CHON2

138:  HOV $UNDEFX)R2

Jip ERROR

LI H ASK R2
MV R+ 4R
BR 44

ELH BIC #14R5

0{R2)

twas evaluated, error

istore index here

sdet next meaningful character after =
isee what kind of sumbol we are defining
fuser defined name

juas 3 snemonics directives or verh—-etrror
+det value to be eauated

icheck if it contaired undefined sumbols
iit did: refuse susbol definition

1det back index

RO through .
+B1 throush R4
telse show error

tundefined expression error

imake 2 word index
yset aprrorriate redisters watcheoints or

ibreakroints have even addresses

Wy RSy BRKF IL-<DSYNUR$4-DSYNSO (R2) fset aerroprite breakroint

o4 JHP CHONS

143 BUC P}

v BETBLTOP,-(SP)
LY @ETBLTOP2,-(SP)

TEXP

JoR PCsGE
NTPS  B4CURCOM
BNE 124

MOV RO1R4

tsunbol 3lreadw defined
fsave name of susbel we are definipg

idet value to be set

scheck if it contzined urdefined suabols
yit dids ignore sumbol definition

+get value 1o be set

Hov (5P 4@ TBLTOPH2i recover name

MoV (SPY4+@3TBLTOP

BR H
12¢:  CHP (5P)+2{5P)+
BR (3]
P Hov R4+~ (5P}
JER PCrGETEXP
HIPS  E4CURCOH
BHE 134
hov R5:R4
108: CNP (5P}$1R4
BNE 3t
BR .1}

1FoF saved name
jauietly isnore susbol definition

tsave present value of sustol

idet value to be set

scheck if 1t contained undefined suabols
#it didr refuse susbol definition

iput value in R4

isee if sumbol or label is being chanded
#it isy which is not rereitted

tno chandey so auietly ignore cosmand

UNDEFX: RADS0 /UNDEFINED EXFRESSION/

A-T7
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Sumbel and Label Handlingd Routines

151400 000340 043325 074701
151404 057740

38 151410 000000 HORD O

59 151412 070330 017574 001134 REPBFO! RADS0 /REPEAT OF ZERG/
151420 002025 071330

60 151424 000000 JMORD 0

&1

62 151426 132737 000002 007327 DOLABLIIRITR  #F.VALUr@4LASCOM

43 151434 001702 BEQ I

b4 151436 004767 161764 JSR PE+GETHXT

45 151442 106437 007332 KTPS  B$EXPFLG ssee what king of label we are gefining
b6 108448 100275 BPt K yeredefired sumbols can’i be labels
47 151450 102037 B 8% juser naae already defined

&8 151452 013704 007754 oV S¥8ADDR KA 1det vzlue lo be set

49

70 151456 013702 007482 2 [ 5 @4TBLBOT:R2 1det bottow of sumbol table

71 151482 162702 000004 SUB }51RZ +d0 down one entry

72 151466 020227 004500 CHF R2:#8UR 3is there srace for new entry?

73 151472 101011 BNI 114 fues

74 151474 012702 1513504 HOV #TRLFUL,R2 iroint to message

75 151500 Q06167 171506 JNp ERROR ierint error messade

76 151504 076452 045710 024324 TBLFUL: .RADSO /TABLE FULL/
151542 045400

77 151514 000000 MORD O

78

7% 151516 105427 000340 11%1 KIPS  #340 inske symsbol table alierations atoic

BO 151522 010237 007442 MOV R2+84TELBOT ibs hlacking console breaks ete,

81 151526 013722 007320 L1 PETBLTOR: (R2)% istore first word of name

82 151532 013722 007322 LY @ETRLTOP$2» (R2}+iand second word

83 151534 010422 HOY Rés(R2)4 tstore sumbol’s value

84 151540 106427 000000 HIPS  #000 irestore interryrt service

89 151544 000147 172042 JHP CONTIN irecover cheracter in K0r det next cowmand
85

BY 151550 010444 8%: Aoy R4s-{5P} tsave present value of label

88 151552 013704 007796 WOV @RSADDR R iget current address; which is value Lo be set
89 151556 000702 BR 10%

20 DSABL LSB

A-78
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Suabnl and Label Handling Routines

A Lel B3

5 151560
& 151564
7 151570
B 151572
7 151574
10 151574
i1
12 151800
13 151604
14 1515056
15 151612
16 151614
17 151616
18 151620
19 151422
20
21 151624
22 151626
23 151630
pL)
5
26
27
28
29
30
31 151432
32 151840
33 151442
34 151444
35 151652
38 151654
37 151460
38 151642
39 151666
40
41 151470
42 151672
43

013702
020227
103403
005004
000277
000207

022237
001067
022237
001005
012204
(00270
000242
000207

005722
005722
000755

132737
001013
013702
020227
103004
026201
001404
062702
000767

000270
000207

007462
007320

07320

007322

000002

007462
007320

400004

000004

007330

ith

GETSYM satches 3 new name to the sumbol table,

GETSYMS IOV

28

CHP
BLO
CLR
sCC
RTS

Cwp
BNE
CHp
BRE
NV
SEN
CLv
RTS

51
TST
BR

P4#TRLBOT,R2 $start searching at bottom of table

K2+ #TBLTOF iany aore entries?
14 fyes
R4

itlag nase not found
PC

{R2)4:P3TBLTOP idoes first word of name wetch?

I ino

(R2)4,@#TBLTOP42isecond word match?

i Ho)

{R2)+ R4 iget value
ishow this is a user defined sumbol
jand that is has & value

PC

(R2)+
R+ jadvance to next entry
b1

BATSYM matches the number in R1 to sumbol valuesy starting with the most
recently defined. Returns a rointer in R2 if matched. Returns N set if

no match,

HATSYH: IBITR

24

1%:
ki H

BNE
MOV
¥,
BHIS
CHP
BE®
ADD
BR

SEN
RTS

#F.ARS, @$THPHOD jabsolute sode?

14 yuesy indicate no astch
B4TBLBOTsR2 jdet bottom of table
R2: $TBLTOP jans sore entries?

i% ino

4{R2)1R1 100 we have a match?
3 tues

$61R2 ido to next name

2

FC

A-T79
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Suabol and Label Handlind Routines

1 1231

2 ? PELSYM deletes the sumbol lable entry Jjust below R2.

3 -

i

5 151674 042737 000006 007442 DELSYM:IADD 61 @4TBLEOT

& 151702 020237 Q07482 241 CHP RZ+24TRLECOT idone wet?

7 151706 101001 i it tnor sove ue a1l lower entries
B 151710 000207 RS PC

g

10 151712 014242 177770 1%} KOV -10(R2)+~(R2)  Fmave three words for each entry
11 151716 014242 177770 Hov -10(R2),-(R2)

12 151722 018242 177970 LY =10(R2)»-{RD)

13 151726 000763 BR 2%

14

15 it

16 ' TYPREE fures the contents of redisters RO throush PS and the watchroint
17 i address and contents if the address is not zero.

18 P=-

17

20 151730 112737 000011 (07340 TYPREG!:MOUR  #9.,@RCOUNTI jcount 9 redisters

21 151736 012737 156142 007334 Moy $DSYKS BEADVALR sborrow ADVADR 2< 2 rointer

22 151744 004767 161554 1%} J5R PLsCRLF istari 2 new line

23 151750 013702 007134 MOV MADVADR R2

24 151754 004787 182014 JSK PCsPRINT2 tture nase of regdister

25 151760 (10237 007334 sy R2+8HADVADR
26 151764 162702 156144 SuR $DSYNS+A#R2 1do bark to register name

27 151770 004767 173674 J5R PL+ PISVAL +get contents of redister
28 151774 012700 020075 KoV $30080404075RE ture = {space>

29 152000 004767 161524 J5R PCsCHROUT
30 152004 010401 HOV R4sR1 rdet register condents

3 152006 0047267 003064 J5R PCrTYPNAL sture numerically
32 152012 105337 007340 PECE  @4COUNTL

33 152014 001352 BNE - 1%

34 152020 013704 007754 MOV ORSHATCHsRG idet watchwoint address

35 152024 001404 BEQ el satchroint act sel

36 152026 004767 003214 JER PCTYPADR tture watchroint address

37 152032 000147 003054 Jup TYFLOL fture in current wods

38 152034 000207 b H RTS PC

39

49 itt

4 3 TYPTRL tures the entire user suabol table.

42 3--

43

44 152040 016746 035264 TYPTEL: 1H0V THPHOD,-(SF) imake sumbols show up in word wode
45 152044 042747 000200 035254 BIC #F . BYTH:THPHOD 5

46 152052 013702 (07442 XV R4 TBLBOTHR? rstart at the bottom of the table
47 152054 020227 Q02326 75 cup R2»$TBLTOF idone uet?

48 152062 103003 BHIS 14 jues

4% 152064 004787 000012 JSR PCs TYPSYH iture the name and value of cne suabol
50 132070 000772 R 74

$1 152072 012667 035232 1% i (5P} 4, THPHOD irut back to watever mode it was in
52 152076 000167 171502 JWP CMONS jdet next command

3

54 152102 004247 161416 TYPSYH: § JOR FC+CRLF istart 2 new line

S5 132104 004767 1616842 BR PCIPRINT2 iture sumbal name
56 152112 012700 020075 MOV $40030404075:R% Fture = <seracer

57 152114 004747 151404 JoR PCyCHROUT
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Susbol ang Label Handling Routines

58 152122 012201 Nav {R2}H4sR] jdet value
59 152124 000147 002746 JHP TYPHM] itupe it nuserically

7-11 Evaluation Module Monitar MACRD V05,00 Sunday 13-Mar-B3 04110 Fage 48
Suabol and Label Handling Routines

1

2 SRTTL  Arithmetic Routines

3

4 152130 050405 LOGOR:: BIS R4+R5

S 152132 000207 RTS PC

b

7 132134 005104 LOGAND: :COM R4

8 152136 040405 BIC R4:RS

9 152140 000207 RTS PC

10

11 152142 010500 NULTIP: MOV RS+RO imake 3 copy of first factor

12 152144 005005 CLR RS yclear accumulaior

13 152146 0560005 1% ADD ROsRS saultirly by successive addition
14 152150 077402 S0B Rir14 jeount down second factor

13 152152 000207 RIS P

14

17 192154 040405 ADDIT:: ADD R4:R3

18 152156 000207 RTS PL

19

20 152160 160405 SUBTR:: SUR Ré&+R5

21 152162 000207 RTS PE

22

23 152144 005000 DIVID:: CLR RO iinitialize quotient

24 152166 005704 TST R4 tare we dividing by zero?

25 152170 001403 BEQ 2 supsy return 177777

26 152172 005200 It H INC RO jincresent auotient

27 152174 150405 SUp R4R5 itry sublracting divisor froe dividend
28 152178 103375 BLC is $successfuls no underflow

2% 152200 010005 2%} MoV RO+RE irerlace accusslator with ouptient
30 152202 005305 DEC R3 tadaust for excessive incresent of RO
31 152204 000207 RTS PE

A-81
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Arithmatic Routines

O L A el B

B

9 152206
10 152210
11 152214
12 152216
13 152220
14 152224
15 152232
16 152234
17 152240
18 152244
19 152250
20 152252
21 152254
22 152260
23 152264
24 152272
5

26 152276
27 152300
28 152302
29 152304
30 152306
31 152310
32 152312
33 152314
N 152316
35 152320
3%

37

38 152322
39 15232
40 152330
A1 152332
42 15233
43 152342
44 157344
45 152346
a6 152350
A7 152354
48 152356
8

50 152340
51 152362
52
53
54 152364
55 152370
56 152372
§7 152400

010444
004767
6202
006202
010437
142737
012624
010437
105037
1148201
004201
(04201
042701
004771
013737
050167

153172
143164
152770
153152
1530624
152724
133014

153004
152714

153102

004767
100414
103413
004767
020227
102004
(08202
006202
060217
000250
000207

000270
000207

120027
001005
062737
004767

002310

007334
000010

007334
007342
156034

1
152274
007334
171314

173122

161050
000040

007342

000100

000010
161022

007324

007756

007342

+SBTTL
+H

Instruction Encode/Decode Routines

in R4, It parses any needeg operands and ctores the resulting code at the
current address.

GETINS::
J5R
ASR
ASR
NV
BICE
Oy
wov
CLRB
KOVE
ASR
RSR
BIC
JSR
L
JP

INSDSP: .WDRD
+HORD
«WORD
+HORR
+NORD
WORD
ImB
'mn
+WORD
+MORD

+ENABL
GETREG: 1 JSR
BMI
BCS
JSR
CHp
BHIS
ASR

nER
ADD

CLN
RTS

ki H SEN
RTS

FULOPR: iCHPE
BNE

ADD
JSR

i
¥ GETING takes an index Yo 3 mnemonic in RZy and the mpemonic’s hase value
i
H

Rés-{5P) ssave the base orcode value

PCrADRCH] scheck that it's even and in user RAM
k2 inake a bute index

k2 sfar the PARAMS tahle

R4, @$5AVEXP tsave opcode address here

§F,98VK PILINFLGirrevent interference with noreal use of SAVEXP
(5P 4 ERY Y4 istore base orcode value

R4, #4ADVADR itirst operand address

E4HO0DE tinitialize zddressing mode scratch
PARAMS(R2)sRE  sdet format code

Rl iaake 3 word index

Ri

$1177741,R1 imask out the garbage
PCYRINSDSP(RYY #3et aerroeriate orerand seauence
HADVADR»2$3ADDR urdate current address

CONTIN srecover next characiers rarse nexl command
CONCOD 100 means decode condition codes
CNON2 01 means not an instruction

INSDON 102 means no raraseters

ENTRAP #03 meanc WNN for EXT and TRAP
BRDISP 704 means 8-bit branch disrlacesent
REGDST #05 means R:DD for JSR and XOR
OPRANT i06 means §5 or ID

SRCOST 107 aeans 55:00

RTSREG #10 means R for RTS

SORDSP 11 neans ReNN for SOB

LSR

PCGETHAN irarse a suabalic name

kS fuser defined names error

3t pinstruction wnesonics error
PCyGETLCH idet next character in RO
R2:#DSYMPS-DSYMSis 1t RO throuah PC?

i ings errer

R2 r4et register nunber

R2

R2+BENDDE sput it in bottoa 3 bifs of addressing mode
PC

PC

RO+ #5100 iis first character 8%

9% 0o

#10,P4H0BE ivesy deferred mode

PCoGETNXT iget character after @
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Instruction Encode/flecode Routines

3B 152404 004767 001472 o4 JSR PCsRADCH imight it be & redister name?

59 152410 100407 kM1 1 inar definitely pol 2 redister

40 152412 010045 Hov R{+-(5P} issve characier

&1 132414 010346 Ky RI:-(5P) isave running sointer

&2 152416 004767 177700 JSR PC»GETREG jand try to det & register nase

63 152422 100044 BPL 78 #successful, wode 0 or t

44 152424 012603 Koy (SPYHRI irestore running eointer

63 152426 012600 Moy {5PH:RO irestore character in RO

&6 152430 120027 000050 (1Y CHPE  RO#050 iis it (7

47 132434 001445 BEG 4 juesr pode 1y 2r or 3

48 152434 120027 000055 CHPR ROy #0535 #is next character -7

49 152442 001011 RRNE 7 tnp definitelw not autodecreaent

70 152444 010344 NOV R3» - (5P} isave runpind rointer

71 152446 004787 156754 J5R PCaGETIXT tget character after -

72 152452 120027 000050 CHWPR RO+#050 iis it {7

73 152456 001430 BeQ 10% iues, wade 4 ar 3

74 152460 (12603 MOV (5P 4RI irestore running Poirter

79 152462 012700 000055 oy $039:R0 yrestore - 1n RO

76 152466 120027 000043 ki N CHPR RO+ 4043 i1s it #7

77 152472 001454 BEQ 11s tyes) do imaediate and absolute

78 152474 004767 000142 JSR PLsGETARG yget an index or relstive address

79 152300 042737 000040 007342 ADD $60: BINDRE rindexed addressing wode

80 152506 126077 000050 CAPR  ROs#050 jis it an index?

81 152512 001421 BEQ 12¢ FYes

82 152514 013704 007134 HOY ESADVADR+RA iget next operand address

83 152520 143744 (07334 SUR PHADVADR,-(R4) imake this orerand a PC relative address
B4 152524 042737 000007 007342 ALD 07 P#NDDE iisrlicit PC reference

85 152532 000207 RTS PC

84

B7 192534 022626 7% Lp (5P 4s (SP)4 idiscard saved character and running rointer
83 152534 000207 kTS PC treturn mode 0 or 1

8y

o0 152040 042737 000430 007342 1081  ADD 30, @$HODE itor -i» 3dd 40 tolal to addressing aode
91 152546 005724 187 (SPY +discard saved running rointer

92 152550 042737 000010 007342 44! ADD #10,8440DE itor (r 39d 10 %o addressing mode
93 192556 004747 160644 12¢: JSR PCsGETNXT idet character afler (

P4 152562 004767 177534 JSR PCGETREG ishould be a redister nase

95 192544 100501 BHI pi 4 ingt a redister nawes error

26 152570 120027 000091 CHPE  RO»#051 $should be followed by )

97 152374 001074 BNE 2% ings error

98 152576 004757 140624 J5R PLrGETHXT iget character after )

99 152602 120027 000053 CHPE  R0:$053 f1s it 7

100 132806 001005 BRE 8¢ ingr done

101 152610 042737 000010 007342 ADD #10+@4M0DE jagde 2 or ¥

102 152616 004767 140404 J5R PCyGETNXT idel character after +

103 152422 000207 8% RTS PC

104 '

105 152624 042717 000027 007342 1143 A0 #27 1 @4NODE iinmediater absolute are modes 2 and I with PC
104 1525632 004767 140570 JSR PCaGETNXT et cheracter after #

107 152636 000167 000000 JHP GETARG istore immediate date or absolute sddress
108

109 152642 004767 171604 GETARG! : JSR PCIGETEXFP tdet an ardusent in RS

110 152546 013704 007334 NV P3ADVADR R4 idet zgdress of orerand

111 132652 004747 (01652 JER PCyAPRCH2 scheck that we are still in user RAM
£12 152656 010514 nov RI+9R4 istore argument al grerand address
113 152660 042737 000002 007334 ADD $2:03ADVADR yincrement zddress

114 152664 000207 RTS PC
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115

114

117 152670 120027 000054 COKACK: CMPB  ROs$034 3is first orerand followed by a comma?
118 152474 001034 BME % #noy error

119 152676 004787 000042 J5R P+ INSDNT istore first orerand mode

120 152702 004747 140520 JSR PCoGETHXT fget character after comma
121 152706 105037 007342 CLRB  @#HODE

122 152712 000207 RTS PL

123

124 152714 Q04767 177402 RYSREG: ! JSK PLsBETREG jdet 3 redister number

129 132720 100424 BN P | jerrors not 2 redister nazme
126 152722 000416 BR INSDN2 jadd it to orcode

127

128 152724 004747 177372 REGDST+:JSk FC:GETREG idet a register nuaber

129 152730 100420 RAL 2% ierrory not 2 redister name
130 152732 004747 177732 JSR PCsCOMACH icheck for cosma between grerands
13t 152738 0047467 177422 J5R PLsFUROPR sget a full orarand

132 §52742 000406 BR INSDN2

133

134 152744 113701 007342 INSDN1: MOVE E#H0DE sR1 jdet addressing mode bits

135 152750 000301 SWaR  RI schift it 6 bits to the left
134 152752 005201 ASR Rl

137 192754 004201 ASR Rl

138 152756 0600402 BR 1%

139

140 1527460 113701 007342 INSDNZ: MOVE  P#KODE(R1 jdet addressing aode bits

141 192764 Q60177 (034342 i ADD Ri1BSMEYF jadd thew 10 arcode

142

143 152770 000207 INSDDN: RIS PC

144

145 152772 000147 170166 241 JHP CHON2

144

147 152776 012702 153264 204 BV $BRANCH, R2 iroint to branch error messade
148 153002 000147 170204 JHP ERROR

149

150 153004 004767 127152 SRCOSTI L JSR PC+FULOPR iget tirst orerand

131 153012 (04767 177452 JSR PLCOMACYH jcheck for coama belwsen orerands
132 153016 004747 177342 BPRAND: ; JSR PCyFULOPR idet second orerand

153 153022 000756 BR INSDNZ sstare second orerand mode

154

155

156 153024 004747 171472 BRDISP: 1 JSR PCyGETEXP idet branch destination

157 153030 104417 807324 KTPS  @4CURCOM tdid expression contain undefined suabols?
158 153034 001402 BEQ 14¢ #hor no sroblem

159 1530346 013705 007754 MY S44ADDR RS juesy make instruction 'BR .' so no range error
140 153042 183705 0073314 14%; SUR EADVADRRD yadke il relative

141 153046 004205 ASR &5 iaake it 3 word offsel

162 153050 032705 177400 BIT $177600+R3 jdves upper bule match bit 77
163 153054 001405 BEQ 134 P11

164 153056 005105 CoxN RS

165 153040 032705 177400 BIT $177600)R5

166 153064 (01344 ENE 20% ino» branch rande arror

147 153046 005105 COoM RS

148 153070 042705 177400 138} RIC #177400:R5 make it an 8-bit nuaber

149 153074 040577 034234 AbD RO BSAVEXP jadd displacement to or-code
170 153100 ©002¢7 RIS PC

in
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172 153102 004747 177214 SDRDSP: 3 JSR PC:SETRED 7det redister

173 153104 $09731 BMI pal serrory @l 2 register naae

174 153110 004747 177554 JER PC,COMACH fcheck for coama between orerands

175 153114 004747 171402 JSR PC.GETEXP

176 153120 106437 007324 KTPS  R4CURCOM 3did expression contain undefined sumbols?
177 153124 001402 BEU 218 ingr no rroblen

178 153126 013705 007794 MOV P3SADDR RS tvesy make instruction 'BR " =0 no range error
179 153132 1463705 007334 218} SuB BHADVADR AR inske it relative

180 153136 006205 ASR RS

181 153140 005405 NEG s +50B instruction uses nedated diselzcement
182 153142 032705 177700 BIT $177700,R5 #6-bit diselacesent

183 153144 001313 BNE 208 seande or direction error

184 153150 Q00747 BR 13

185

184 153152 004747 171344 ENTRAP!: SR PL/GETEXP idet trap number

187 153156 032705 177400 BIT $177400+RS ishould be {256,

188 153162 001303 BAE yi] #2255+ error

189 153164 006741 BR 13

1%0

191 153148 004767 140234 . 198: JSR PC+BGETNXT tdet character after comma

192 153172 126027 000103 CONCOD: :CHPR  RO+$103 skt musi he O when entering -- is it (?
193 153176 001003 BRE 14%

194 153200 052701 000001 BIS t1R1 iset € b1t

195 153204 G00421 BR 15%

194 153206 120027 000126 1488 CHPR  RO.$124 iis it V7

197 153212 001603 BME 174

198 153214 052701 Q00002 BIS $24R1 rset ¥ bit

199 153220 (00413 BR 194

200 153222 120027 004132 7% CNPB  ROs$132 yis it Z°?

201 153226 001003 BNE 18

202 153230 052701 000004 BIS #)R1 iset 7 bit

207 153234 000403 BR 154

204 153234 120027 000116 i8¢ CHPE  RO«#114 iis it N?

209 153242 001253 BNE i inor illegal character

206 153244 052701 000010 BIS $10sR1 iset N bit

207

208 153250 004767 160152 1584 JSR PCyGETHXT idet next characler

209 153254 120027 000054 CHPB  RO,$054 iis it 2 comma?

210 153260 001742 BER 19¢ fuesy det some more

211 153262 003301 DEC &1 scompensate for opcode tase value = 241 or 261
212 153264 000637 BR is jadd condition bits o orcode

213 LOSARL LSB

214

215 153266 007521 054000 001155 BRANCH! .RADSO /BRANWCH OUT [F RANGE/

153274 076417 022622 004167
133302 017500
214 153304 000000 HORD 0

A-B5
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Instruction Encode/Decode Routines

1 i+t

2 i TYPINS decodes the instruction at agdress R4 and lwees it followed on the
3 i next line by the pext address,

4 y--

5

& 153304 011405 TYPINS: 1HOV BR4 (RS sdet orcode

7 153310 010509 'L RS+RO

8 15332 006300 ASL RO idet bits & throush i3

9 153314 004300 ASL RO

10 153314 000300 SWAR RO

11 153320 042700 177700 BIC §177700:R0

12 153324 110037 007342 HOVB  ROyQ$NODE istore thea here for orerand decode
13 153330 0037035 18T RS

14 153332 100027 BPL o% rnot 3 byte sode instruction
15 153334 042705 100040 BIC $100000+R3 stirst see if it's 3 bute amcde instruction
16 153340 004747 000130 JSR PC:1$ smatch to tabley det index

17 153344 006202 ASR R2

18 153346 103762 158034 TSTR PARAKS(RZ)

19 153352 100017 BPL % inot bute moder do it normally
20 153354 006302 ASL R2 irestore R2

21 153356 412405 Moy (R4)4:RS ifix R4y restore R3

22 153360 010244 K R2s-15P) isave index

23 153352 004302 ASL R2 inake index to sneaonic

24 153364 042702 158502 ADD $MNENS)R2

25 153370 011201 Hov #R2:R1 7det 3 chracter mneaonic
24 1533172 004747 160404 JSR PCoPRINTE ituee it

27 153374 012602  HY (5P)+4:R2 irestore R2

28 153400 012701 006200 Hov 5085082481 ttupe B <SP (8P

29 153404 0047467 180374 JSR PLYPRINT)

30 153410 000412 ER 33

k)

32 153412 012405 i H KO (R4)+2RS sdet opcode

33 153414 004747 Q00054 JSR PCr18 ynatch to table

34 153420 010244 NOV R2s-(SF} tsave index

I5 153422 04302 ASL k2 inake index to snesanic

36 153424 042702 154302 ADR FHNENSR?

37 153430 0047467 140340 JSR PCyFRINT2 iture mneROniC

38 153434 012402 Hoy (SPY+sR2 rdet index batk

19 153436 012700 000011 3 H MOV ¥011:RO stupe <tab>

40 153442 004747 160062 J5R PCCHROUTY

4] {53446 006202 ASR R2 imake bute instruction indax
42 153450 114201 156034 NOVB PARAMSIR2)sRT  73et foreat code

43 153454 004201 ASR Rl

44 153456 004201 ASR Rt

45 153440 042701 177741 BIC $177741:R1 tmask out the sarbade

44 153464 004771 153514 JSR PCy@INTDSP(RL) #ture orerands

47 153476 000157 (01554 JHF TYPADR itupe next address and a tab
48

4% 153474 012702 000212 1% OV $PARANS-BASES-2,R2 index last base value
50 153500 020562 155420 ki 8 CNP R3:BASEG (R2) iconpare opeode o base valua
51 153504 103002 BHIS 4% rmatch

52 153506 005742 18T -(R2) tkeer logking

53 153510 000773 BR ki

94 153512 000207 4%} RTS PC

55

56 153514 154132 INTDSP: .WORD  TCONCD yCVIN

97 153316 153540 +WORD  NOFCOD ilé bit valuer not an orcode
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58 153520
59 153522
40 153524
81 153526
62 153530
63 153532
44 153534
¢5 153536
b6
8
£8 153540
§9 153542
70
71 153504
72 153550
73 153554
74 153560
75 153564
76
77 153564
78 153572
7
80 153574
81 153500
82
B3 153602
84 153606
Bs
B4 153612
87 153616
8B 153422
89 153626
90 153632
9
92 153636
93 153642
94 153646
95 153650
96 153652
97 153656
98
99 153462
100 153466
101 153674
102

103 153676
164 153702
105 153706
104 153710
107 153714
108 153716

109 153720
110

111 153722
112 153724

113 153730
114 153732

153564
153722
133734
1533574
173554
153544
1535664
153876

005744
000533

004787
004747
004767

004747
000207

004747
000421

004747
000743

012700
000147

012700
0047467
004767
012700
000147

113700
042700
004300
004300
014001
000147

110537
142737
000207

004767
004767
010501
042701
004301
005401
000407

010901
042701
005744
000404

000200
000024
000102

000144

000070

000034

000054
157714

000050
157704
000010
000051
137672

007342
177770
136142
140124

007342
000300

177734
177674

177700

177400

007342

HORD
+WORD
+HORD
JWORD
" “DRB
«WORD
«WORD
«NORD

+ENABL
HOPLOD: 1757
BR

TSROST: 1 JSR
138 KR
TOPRND: ; JSR

JSR
INTDOMN: RTS

TRTSRG: 1 JSR
BR

TRGRSTS 3 JSR
bR

TCOMMAS MOV
JiF

TPREG:: MOV
JSR
J5R
HoV
JHF

TREGIS: JHOVR
BIC
ASL
ASL
v
JNP

GETDST: HMOVR
BICE
114; RIS

T50BDS !} ISR
J5R
Hov
BIC
ASL
NEG
BR

TENTRP?!
BIC
T8T
BR

INTDON inoc oeerands

TENTRP rEMT and TRAF

TBRDSP +8-bit diselacement

TRGDST #RsDD

TOPRHD iSS or DD

TSRBST i85, 10

TRTSRG iR

T30BRS $6-bit positive diselacement
L5B

~(R4) tback up to number

124 stupe 1t 35 data

PC:TFILOP iture an orerand

FCoTCOMMA iture coamz

PC)»BETDST iget bits 0 throush 5 of orcode
PE+ TFULOP ityre operand

PL

PCyGETDST

TREGLS iture redister name
PLyTREGIS sture redister

13% iture commas and second orerand
$054:R0

CHROUT

$0509RO iture (

PCsCHROUT

FCoTREGIS iture register nase

#0551 180

CHROUT

P480DE 1RO iget bits 0 throush 2
$177770:R0

RO iindex redisier name

RO

DSYMSIRO} ¢RI idet RADSO trirlet

PRINT4 iture it

RS » PEMODE

3300, 04K0DE

PL

PCyTREGES jture register name

PCa TCOMMA iture comma

RarR1 iget lower 4 bits

$177700:81

Rl isake i} 3 byte disrlacesent
k1

&%

R3sR1 iget lower B bits without sidn extend
$1774004R1

~(R4) FTYFLD2 will advance R4

7
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115

116 153734
117 153736
118 153740
1% 153742
120 153744
12

122 153750

123 153754
124 153760

125 153762
126 153766
127 153772
128 153776
129 154000
130 154004
131 154005
132 154012
133 154014
134 154020
135 154022
136 154026
137 154030
138 154034
139 154040
140 154044
141 154050
142 154052
143 154056
144

145 1340462
146 154044
147 154072
148

149 154076
150 154102
151 154104
152 154110
153 154812
154 134114
155

156 154120
157 154122
158 154124
159 134126
140

161 154132
162 134134
163 1541346
44 15414¢
165 154144
166 154150
167 154152
168 154154
169 154140
170 154164
171 154156

110501
006301
060401
005744
000147

113702
032702
001404

0127906
004787
120227
103717
120227
103034
120227
001423
120227
001420
120227
103404
012700
004767
004747
120227
103245
012700
000167

£12700
004767
000147

120227
001404
120227
001403

004757
000435

012401
060401

005744
000167

o10501
006201
103004
012740
004747
006201
103004
012700
004747
004201
103004

001182

007342
0000t0

000150
157534
000020
000040
000027
000037
600040
000055
137470
177544
000040

000053
157444

000043
157434
001014
000047
000077

06775

401000

000103
157340

400124
157344

TBRDSP SHOVR
ASL
11 H ADD
TST
Ei H Jup

TFULOP INOVB
RIT
BED
#y
JER

i CHPR
BLD
CMPR
BHIS
CHEB
BEQ
CMPE
BEQ
CHPR
BLO
Koy
JOR

48] JoR
CHPB
BHIS
MOV
JHP

ki MOV
JSR
1267 NP

2% CHPR
bee
CHPB
BEQ

JoR
ER

i Y Hov
AT
18T
JNP

TLONCD? : MDY
ASR
BCC
KoV
JER
8 ASR
aCC
MoV
JSR
biH #SR
RCE

R5:R1
R1
R4:R1
~-(R4)
TYPLOZ2

Q#NDDEsR2
#1082

14
00RO

PLCHROUT
R2r420
TREGIS
21460

24

R2,427

i

R2:417

38

R2: 440

44
$035+R0

FLCHROUT
PLsTPREG

R21440

INTRON
$053sR

CHROUT

$043,R0
PCy CHROUT
TYRLDL

R2: 847
@
R2: 477
bl

PL,TYPLOS
TPREG

{k4)4:R1
R4sRI
-(R4>
TYPLO2

R3:R1

R1

8
#103,R0
PC+CHROUT
1

7%
$126:R0
FCyCHROUT

R1
10%

A-88

1det lower B8 bits with sidn extend
inake it 3 bute disrlacesent

fadd in the 'PC*

$TYPLOZ will advance R4

iture this value

iadgressind mode scratch
jdeferred?

ing

thyre ¥

inode & or 17
tuesr Just tupe redister name
inode b ay 77
supsy indexed
timmedizte?
ives

iabsolute?

jves
jautodecrenent?
ine

itare -

iture redister nase in rarenthesis
sautoincresent?

sor finished
iture 4

tture #

iture next location

rrelative?

jues

irelative deferred?

jyes

iture next jocation

iture redisier name in earenthesis

iget next location

tadd in the *FC°

$TYPLO2 will incresent R4 don't do it now
tture the value

idet ppcode
iC bit cat?
no

ityre €

W bit set?

il bit set?
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Instruction Encode/Becode Routines

172 154170
173 154174
174 154200
175 154202
176 154204
177 154210
178

012700
004767
006201
103234
012740
000167

000132
137330
108}

000114
157314

Sunday 13-Mar-83 04110 Page 39-3

MOV $132:R0
JER PC;CHROUT
ASR Rl

BCC 11%

[ #114sR0
Jup CHROUT
«DSABL LSB

A-89

il bit set?
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Instruction Encode/Dacode Routines

1

2 SBTTL Corversion and Tureout Roulimes

3 iH

4 i BINASC strirs the thousands disit from the value in R1 and multirlies Rl
] b by 10, Use BINASE to 2ot the 10000.s digit.

[ S

7

B 154214 005000 BINASCEICLR RO sdivide by successive subiraction
? 154216 005260 is: INC #0

10 154220 182701 001750 SUB $1000, :R1 itry to subtract 1000,
11 154224 103374 BCC 14 sworkeds no borrow

12 154226 005300 DEC RO ifix RO

13 154230 082701 001730 ADD 11000, sR1 sang Rl

14 154234 006301 ASL Rl imsltieiy RY by 10

15 154234 010146 MOV R1s-=(SF)

16 154240 005301 ASL Rt

17 154242 004301 ASL Rl itines B

18 154244 042401 ADD (SPY4:RI irlus 2 makes 10 X

19 154246 042700 000040 ARD $050R0 iadd 040 to make it an ASCII digit
20 154252 000207 RTS P

2t

22

23 154254 005000 BINAS1YICLR RD yoivide by suceessive subiraction
24 15425 005200 i Y INC RO
25 154260 162701 023420 SUR $10000, 181 #try Lo subtract 10000,
26 154264 103374 BCC 1% sworkedr no borrow

27 154264 005300 DEC RO itix RO

2B 154270 062701 023420 ADD $10000. »k1 iang RL

29 154274 062700 (00040 ARD $040:RO iwake an ASCII digit
30 154300 000207 RTS PC

3

2 i+t

I ' RADCH checks if the character in RO is a legal RADSO character, Returns
34 ¥ N=1 if not.

5 $--

36

37 154302 120027 000132 RADCH:: CNPB ROs#133 ihigher than Z7

38 154306 103017 BHIS ba |
39 154310 120027 000101 CHPE  RO:$101 iA or higher?

40 154314 103014 BHIS 14
41 154218 120027 000072 CHPR  RO»#072 +3 or higher?

42 154322 163011 BHIS 2%

43 154324 120027 000040 CHFE  RO«3060 +0 or higher?

44 154330 103010 BHIS it

45 154332 120027 000056 CHPE  RO,$056 irering?

45 1543356 001403 BED 1s

47 154340 120027 000044 CMPE  Rin3044 tdollar sign?

48 154344 001402 BEG 1%

4% 154344 000270 i H SEN

50 154350 000207 RTS PC

51 154352 000250 18! CLN

32 154354 000207 RTS FC

23

A-90
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Conversion and Tyreout Routines

1 itt
2 h NUKCH checks it the character in RO is rumeric and returns flass as follows!
3 ' N=0s V=0 character is 0 throush 7
4 i H=0r Vsl character is 8 or 9
3 i N=1 zny other character
6 -
7
B 154354 120027 000060 NUNCH:: CWPB  RO:4060 iis it 9 or higher?
? 194362 103413 RO 13 N0 NHON-NURETLC
10 154364 120027 (00072 CHPE  RO»$072 iis it higher than 97
11 154370 103010 BHIS  I$ 485 noR-nUREric
12 154372 120027 Q00070 CPE RO»$070 115 it higher than 77
13 154376 103002 BHIS 2 juesy Bor 9
14 154400 000257 £c sfiag O theough 7
15 154402 (00207 RTS PC
16 154404 000257 po } cce
17 154406 000262 SEV iflag B or %
18 154410 000207 RTS PC
19 154412 000270 1% SEN
20 154414 000207 RTS Pt
2
22 ith
23 ¢ ASCRAD pultirties R1 by 40 and 2dds the RADSO eeuivalent of RO.
2 §--
25
26 150414 0047467 157500 ASCRAD: } JSR PLIR1XAO raultirly RI by A0
27 154422 120027 000040 CHPE  RO:4040
28 154426 001416 BEd 1% ispaces converts to
29 154430 120027 000054 CHPE  RO#3054
30 154434 001414 BED L1 speriod is 34
31 154436 120027 Q00044 CHPE RO $044
32 154442 (01412 BtQ o idollar sidn is 33
13 154444 040001 ADD ROR1
34 154444 142701 (0100 ] #1001
35 194452 120027 000101 CHPE  RO:$101
36 154456 103002 BHIS 1% salphgbetics are 1 through 32
37 154440 062701 000054 4D #054sR1 iruserics are I8 throush 47
36 154454 000207 i$: RTS PC
39
40 154456 005201 44 INC Ri
A1 154470 042701 000033 i M ADD $033.R1
A2 134474 000207 RTS PC
43
44

45 154475 034754 000545 001533 USERAM: .RADSO /NOT IN USER RAM/
154504 021020 070245

45 154510 G00000 HORD &

47

AB 154512 057144 000054 015725 ODDADR: RADSO /ODD ADBDRESS/
154320 074470

49 154522 000000 HORB 6

A-9]
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Conversion and Tyreout Routines

1 i+t

2 ' TYPDEC tuees Lhe value in K1 as a sidred» S-didil decima] number followed
ks i by a eeriods TYPDE! can be used io Lyee unsidned numbers.
4 i--

5

& 154640 012700 000049 TYPDEC: MOV $040:R0

7 154554 005701 18T Rl

8 154646 100003 BPL 14

9 154670 005401 NEG R1

10 154472 012700 000055 fov $055:R0

11 154476 004747 154626 1% JSR FCCHROUT

12 154702 112737 000005 007341 KOVE  ¥5,04C0UNT2

13 154710 004747 177340 JoR PCrBINAST

14 154714 000442 BR k1 ]

15 154716 004747 177272 FLH JSR PCsBINASC

156 154722 004747 156602 ki JSR PCyCHROUT

17 154726 105337 047341 DECB PHCOUNT2

18 154732 00131 BNE 5¢

19 194734 012700 000054 NV $054:R0 ityre 2 period

20 154740 000167 154544 Jup CHROUT

A

2 P

23 i TYPECY tures R as an oct2) ward.

24 j--

25

26 154744 005000 TYPOCTLALLR RO

27 154746 032747 000200 032334 BIT . BYTH,THPNOL  is it in bute mode
28 154754 001407 BER 14 ibranch if ves

29 154756 112767 000003 Q32333 HOVB  #3,COUNT2 #if bute sode only three digils
30 154764 000301 SWAE Rl ionly low buyte out
1 154766 008301 ASL Rl

32 154770 008100 ROL RS

33 154772 000414 BR it

4 154774 112767 0000046 032337 14: HOVR $6:TOUNT2

33 133002 Q00405 BR .t 1

36 155004 005000 2%t CLR RO

37 155006 004341 ASL R1

38 155010 006100 ROL RO

39 155012 004301 44! #8L Ri

40 155014 0046100 ROL RO

41 155016 008301 ki N ASL Ry

42 155020 004100 ROL RO

47 155022 042700 000080 ADD $046:R0

44 155026 GO0A747 156476 J5R FCyCHROLT

45 155032 105337 007341 DECB  94COUNTZ

44 155034 001342 BNE 24

47 155040 004207 RTS PC

4B

49
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i it

2 ' TYPSPC twres a tab, excert in instruction mode (ture nothing) .
3 Fo-

F

S 155042 132737 000100 00733¢ TYPSPCIiBITR  #F, INST,@HTHPNOL

4 155050 001004 BNE 1%

7 130052 012700 004440 KoV $400%01 14040,R0 ¥sraces tab

B 155056 000147 158444 i H Jup CHROUT

9 155082 000207 14 RTS PC

10

11 i+t

12 i TYPMM tures the value in Rl as & susbol or ruaber,

13 } TYPNB] tuees the value in Rl as & number only,

14 i--

15

16 1900464 004747 174542 TYPKUN: § ISR PCyHATSYH itry to aatch a swabol

17 155070 100402 BMI TYPNML sunsuccasstuly ture numerically
18 155072 000167 156476 JHF PRINT2 ielse tupe sumbol’s name

19 159074 000722 TYPHML ) 1BR TYPOLT

20

21 2]

22 H TYPLOC tyres the location addressed by R4 in the current mode. R4 is advanced
23 i to the next location, TYPLDI can be vsed within irstruction tyreout,
4 -

23
26 195100 004747 177304 TYPLOC: § ISR PCyADRCHK

27 155104 132737 000100 007330 BITE  #F.INST,E4THPHOD

28 155112 001026 BNE TYPLOL

29 155114 011401 TYPLOL: INOV BR4,R1 idet current locstion as & word
30 $55116 105737 007330 TSTE  B4THPNOD iare we in bvle mode?

31155122 100001 BrL TYPLOZ ing

32 155124 111401 BVE  BR4sR1 relse 9ot location as a bute
33 195126 042701 177400 BIC $177400:R) ierevent sidn extension

34 155132 004787 174474 TYPLO2: 1 J5R PEHATSYH stry to match 3 suabol

35 155136 100403 BRI 2% junsuccessful

36 155140 012700 33774 i KoV {PRINT2:RO

37 155144 000402 BR 9%

38 155146 012700 155076 24 MOV $TYPNN1:RD

37 155192 004710 i JSR PCr(RD)

40 155194 005204 INC R4

41 135156 105737 007330 TSTB  G4THPMOD

42 155142 100401 BNI b

43 135164 005204 INC R4

44 135166 000207 i H RTS PC

43

45 155170 010544 TYPLOL: %0V R51-(5F) isave RS because TYPINS uses it
47 155172 0047267 175110 © JSR PCyTYFINS iture an instruction

48 155176 012405 MoV (SPY++RS irestore RS

49 155200 (00207 RTS PC

50
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Conversion and Tureout Routines

B3N FH RN LS B

5 135202
& 155206
7 135214
8 155220
9 155224
1§ 155226
11 155230
12 135232
13 153234
14 153240
15 155242
16 139244
17 155244
18

1%

20

21

22 155250
23 155254
24 153262
23 155268
26 155270
27 135276
28 155300
29 155304
30 155306
31 155312
32

I3 155314
4 15530
35 155324
34 155330

004747
112737
004757
004757
005704
001404
020405
101003
003337
001365
000207
000244
000207

016746
042747
004767
010401
132737
001004
004767
100403
004767
000402

004767
012700
012667
000147

000042
000010
177660
177816

007340

032054
000200
136234

000002

174324

156462

177424
020072
032000
136174

007340

032044

007330

i
t TYPLIN tupes the next 8 locations or four locations if in binzry mode,

TYPLIN!! PCyTYPADR iture address in R4 as label or octal number
MOVR 38, 04COUNTIL
1$: JOR P TYPLOC itvre location in current moder advance R4
JSR PC+TYPSPC
15T R4 ifor 177776 to 0 case
BEQ I
[, R4»RS idone wet?
BHI 2% fues
DEC $COUNTL
BRE 1%
2% RTS P
ki H €Lz
RTS FC
it

i TYPADR tures the value in R4 3s 3 label or octal nusber» followed by | <SP>

TYPADR: THPHOD,-(SP) ifor bute mode
BIC #F BYTH, THPHOD
JSR PCyCRLF
Hoy R4:K1
BITR  #F,ABS, B4THPNOD
RHE 1
JSR P HATSYN
B 14
JSR PCyPRINT2
BR 23

1%: JSK PC.TYPOCT

P K KoV $4003040+072,R0
MOV (SP) 4 THPNOD irestor sode
Jup CHRQUT
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Conversion and Tureout Routines

LN dy L PO

4 135334
7 159334
8 155344

¢ 155332
10 155354

11 155362
12 155364
13 155364
14 155370
15 155372
16 155374
17 155374
18 155402
19 155406
20 155412
21 155414
22 155422
23 155426
24 155432
25 155434
26 155440
27 155442
28 155444
2

30 155450
31 155454
32 155460
33 155446
34 155472
35 155476
36 155500
37 155504
38 155506
39 155510
40 155514
AL 155516
A2 155520
43 155524
44 155526
45 155534
4 155536
47 155540
48 155542
49 155550
50 155552
51 155554
52

53

54

55 155560
56 155562
57 155564

005203
012737
012737
012705
012701
010102
405000
010041
005200
005201
077104
012704
012700
004747
042703
110337
012701
812702
005000
G04747
003705
001035
012705

012700
105740
1527480
112701
105740
100373
110160
10371¢
100374
124001
001010
105201
120127
001362
142760
103005
005703
001005
132737
001401
Q00670
000147

042100
026102
103772

000377
000011

043133
007774

010000
005277
000146
177770
177444
133000

160000

000120

000117
177560
000002
000004
000060
000004

000006

000002

000072

000004

000002

181100

177440
177444

000004

000004

177564

JEBTTL  Fower-uF Diadnostics

JENABL L5B

DIAGHD: { INC
Hov
HOV
Wov
Hov
MOV
CLR

1%} KoV
1N
INC
50B
MoV
KoV
JSR
BIC
HOYB
KoV
Koy
CLR
J5R
18T
BNE
MOV

MOV
SLUTSTS TSTR
BISE
NOVB
sLU.1: TSTR
ReL
HOvE
SLu.21  TSTR
BPL
CHPR
BHE
INCR
CHPE
BNE
BICB
CLRB
241 187
BRE
BITH
BEG
RR
4%: JHF

+ENARL  LSB

CHKGUN: (ADD
CHp
BLR

R3 juse r3 as digit to disrlay number
$377,04F$P0RA  $light all sedments

$11,@4P$PORC jturn on led

H008004+1 33,85 iinitialize error code ‘12°

¥7776:R1 #fill RAM with ratterns savind location for JSR
S1:R2

RO

ROs=(R1)

RO

Rt

Rirl$

$10000.5¢ iset SF to tor of RAN

577780 ichecksus cosrlement for RAN railern
PCsCHKSUN fchecksun wards from Rl (=0) to R2 (=7774)
17777083 imask of 21l but didif select

R3s24P$PORC iturn off led and turn on dicit
$133000:R1 iindex ROMs

$END:R2 iset uprer checksum lisit to tor of ROMs
RO irerform checksum of ROM

PE +CHRSUM

RS ide we have an error uet?

s +uecy exit and show it

$4002000+117+R5 finitialize error code * 3°

$177560+R0 yeoint to console

2HRD) iclear out and recieved darbade
$ds (R0 iset szinenace bit

#0R1 iinit character to xait

A(RD) iready to xait

SLu.1 ino - wait

R1y6(RO) tserd char to reciever

(RO} ireceived a char

SLU.2 o - wait

JIRGI+RY idot what oy xeitted

2% NG - error

R1 seroduce next ascii character
k1,472 i

S tloos until checked ¢ to 177
24, 4(R0O) srecet maintenace bit

R igess clear error

RS icheck for error

43 sbranch 1f error

$2:041 77564 tsee if in diadno mode

4 #if not then goodby

DIAGND jloor for ever

$START finitialize scratchead RAM and start monitor
(R1)4+R0 iaccunulate checksum

R1:R2 idone yet?

CHKSUN ino
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58 155564
59 135570
60 153572
41 135574
62 155574

000305
005700
001001
105003
000207

13

SNAB
T8T
BHE
CLRB
RTS

RS
RO
14
RS
FC

A-97

itest result
ichecksus failed
jelse clear error
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Power-ur Diagnostics

1

2 SBITL Seecial Data Structures

kf

4 i

5 i INSTRUCTION ENCODE/DECODE and COMMAND DECODE TABLES:

& i The five rarameters listed for each opcode are:

7 i 1. Base value of the orcode

8 ' 2 Siring name of the opcode

g H 3. Parameter ordanization!

0 H O ~ decode condition code bils (NeZsVeL)
11 i 01 - onnnnn (16 bit number)

12 H 02 - no rarameters

11 i 03 - non (B bit nuader)

14 i 04 ~ xxx (B bil diselacesent)

13 ’ 0% - mrdé

16 i 0 - dd or ss

17 i 07 - ssedd

18 3 6-r

i? ¥ 11 - ronn (6 Bit diselacesent)

20 ! 4. Eeuals 1 if instruction is ledal in buwte sode
24 '

2 ¥ The fitth paraseter is 3 code used bu the tor-level perser to decode ASCII
23 } characters in the 040 to 077 rande. The values of this raraseter are!
24 i 0 - Illesal character at tor level

25 i 1 - Interrret as the tirst character of an expression or instruction
24 } 2 - b or lzbel detinition

27 H 3 = ir or cosment

28 i 4 - =3 or suymbol definition

2 f 3 -7 or ture 35 3 nuaber
30 ¥ & - Valid as an orerator within expressions
i ' 7 - Bath 1 and & aprly
32 y=-

K]
N JMACRD INSTRS

15 COBE  Q00000s<HAMLT >r2:000  isPace

3 COBE  OD0OOL<WAIT >:20006 5!

37 CODE 000002 <RTI 425040 3°
18 COBE  DODGDILCBPT  >2+051 3%

i CODE 000004, 10T 624041 i%

40 COBE 000005 <RESET >12+000 %

4 CODE  000004I<RTT  >e2¢00d 3%

42 CODE  0000074< PYINT/ IR S

43 CODE 000100, <P D16e000 i
44 COBE  QDO200s<RTS  >11040:0 )

43 CODE 000210,< pTA FL IT Y

44 CDDE 000240, <N0P 29007 34

47 CORE  Q0024%,<CL  >104090 49
48 CODE  000257:<CCC 242,047 3-
4% CODE  000260+< hoel .
50 CODE 000251, {SE >r0led 5/
5 CODE  000277+<8CC  >e20001 50
52 CODE  000300:CSWAB >réell 11
53 CODE  000400+<BR  »1s0s1 32

54 CODE  001000:<BNE >, 4:0:1  §3

55 CODE  QO1400h<BEQ  >y4y0:1 34
Sé CODE  002000:<BGE  >rds(r) 35

57 €0bE 002400 <BLT  >44s0s1 74
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5
59
60
61
62
83
64
8%
.1
8
68
49
7
7
7
73
7

7
74

7

78

79

80

81

B2

83

84

85

8é

87

pg

a¢

90

9

92

3

94

95

95

97

98

%9
108

101
102

103
104
105
104
107 155600
108 155602
509 155604
110 155404
111 155610
112 135612
113 153614
114 155614

000241
000242
000244
000250
000241
000262
000264
000270

COIE
CODE
CDDE
CODE
CODE
CODE
Ccont
CGDE
CODE
COBE
CODE
CODE
CODE
cope
CODE
CODE
CODE
CODE
€ope
£oDe
£OBE
cone
COBE
CODE
CODE
COnE
CODE
cope
CODE
CODE
CODE
cone
CODE
CODE
CODE
CoDE
CODE
CODE
COne
cobt
£0DE
¥i)1.3
CODE
CobE
CoDe
CODE
CODE
+ENDN

CBASES: : «WORD

+WORD
»HORD

+BORD
JWORD
+HCRD
HORD
+WORD

003000, {BRT
(03400, <BLE
004000, ISR
005000y <CLR
005100, <COM
005200 <INC
005300, <DEC
005400, <NEG
Q05500 CADC
0054005 <5SBC
Q05700 <TST
0040001 CROR
004100 <ROL
004200, <ASR
0043001 <ASL
0054001 ¢
08700, <SXT
007080, <
010000 <WOV
(20000, (P
030000, CRIT
040000y CBIC
050000, <BIS
0560000, <ARD
070000, <
074000, <X0R
0750005 <
077000, <508
100000 (BPL
100400y <BNI
101000+ <BHI
101400, <BLOS
102000+ <BVC
1024005 <BVS
103000, <BLC
103000, <BHIS
103400, <BCS
103400.<8L0
104000+ <ENT
104400, <TRAP
1956004 <
106400: {KTPFS
104500, <
106700, <HFPS
107000, <
160000, <SUB
170000s <

000241
000243
000244
00025
000261
000262
000244
000270

A-99

Pade 58-1

pITENTS ]
Pl
LTI
>’6'l,2
RIT.3% Bk
>rbsinl
Mrbrlnd
b TR N1
16103
Fréals0
»18+100
b0
»161140
2161190
Mé 10
10000
N6
)’1'0'0
7100
bIRES P14
N nd
YL
>
»17:000
Srlshel
Y199010
»rh0sd
110
>1d90:0
2rde0s0
2rdy0s0
2142020
2145000
>rdp (20
RIXEIY]
rds0r0
21400
»145000
213000
134040
>rla0ed
»rér0ed
S112000
>16+040
2111099
2100
>e1e0s0

CLE
sCLY
#Lz
fCLN
SEC
iSEV
i5EZ
iSEN
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Srectal Data Structures

15
114
17
118
1% 133620
120
121
122

123
124 154034

125

126 156142
127 134146
128 156152
12% 156156
130 156142
131 154186
132 156172
133 156176
134 156202
135 156206
134 136212
137 136214
138 156216
139 156222
14D 156224
141 156232
142 156236
143

144 158242
145 156244
146 136252
147 156256
148 156262
149 156284
150 154272
151 158274
152 156302
133 156306
154 156312
155 156314
136 156322
157 156324
138 134332
159 134336
160 156342
161 156344
182 154352
143 156356
184 156342
163 136344
186 156372
167 156374
148 156402
16% 1556406
170 156404
171 156412

072440
072330
072600
072430
072720
Q72770
074300
062170
063320
111109
127400

000000
010530
010400
010650
010720

031324
027030
074745
042073
042073
032153
054740
076484
046531
131014
127726
127736
127473
127551
131247
127534
127534
003243
011364
021411
010174
03520
012245
014724
111052

070530
475243

000000
400000
000000
000006
000060
060090
000000
000000
000000
000000
040000

000000
000600
000000
040000
000000

062000
000000
062000
675630
475700
076400
060314
242300
014400
004444
014400
020540
012061
076710
070440
042420
044130
057665
11624
674400
017500
077745
004420
021145
014400

17574
007344

+HACRD
HORD
+EMDN
RASESH: INSTRS

MACRD
+BYTE

+ENDN
PARAMS: JINSTRS

DSYNS:: .RADSD
WRADSO
RAIS0
+RANGO
RADGO
RADRGE
RANGO
RADSY)

DSYHFST ,RADSO
WFRARSO
+RAIS0

DSYSUR?
WRADSO
RADSO
+RADS0
RA050
RADG0

DIRVRR: ! RARGO
RADSO
+RALS0

DIRVREY (RADGO
+RADS0
1RADSO
+RADS0
RARSQ
+RADSO
RALRSO
JRADGE
RANS0
+RANSO
'RADSD
FRADTD
+RAD3O
+RAN30

DIRVRA: LRADSQ

DIRVBRY (RALSO

DIRVED: .RASO

DIRVRH: RADSO

DIRVEI: .RADSQ
RALG0
- RAGGE

DIRVENT L RADSO

DIRVES:

DIRVEFY (FADSD

DIRVES: JRABSD

CODE  BASVAL,KNEMsFORMAT BYTHOL,HISC

RASVAL

CODE  BASVAL ,MNEM, FORMAT rBYTHOD, KISC
<BYTHODR200H-CFORMATRLE HHESC

/RO
/Rl

/R2
/R3
/R4
FRS
/SF
/PC
/P5
JHp
/!

T M e My el tma el e ma a

/Rl ;
/B2 /
/Ry
/B4 /

JEELE 7
/80 ’
/STEF 7
/PaS21 /
/PASS2 /
/HOST /
/HOHOST/
Salk S
/LOAD 7
/. STARY/
JJERD S
/EVEN ¢
/445011
FeBYTE /S

JMORDY £

#BLER /
/ BLEW /
/ARSOLY
JCANCEL /
EXIT 7
RYTE 7
*INSTRU:
JCLESR /
JBELETLY
/WORD /

/REFEATS
FSYHROL/

A-100

iFredefined sumbolc must not be 3 :harzcters in
tlengths or else a3 "bute sode’ wersion of each
iname will also aatchy i.e. XYZR will match to
iXYZ, Only bute mode mneasnics should be 3
icharacters long.
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Srecial Data Structures

172
173
174
175
176
177
178
179

180
181

182
183
184
183
186
187
188
189
190
191
192

136415
154422
136426
156432
156436

154442
136444

156452
1346454

156462
154464
156472
156474

136502

074017
474017
074017
106257
1046257

012243
012264
012272
01225
073613
073634
073642
073626

156566
006770

114727
11122

111324
033600
023160

000000
040000

000000
000000

000600
000000
000000
G0000¢

DIRVET: RADSO /SHOWMO/
JRADRGG  JSHOWRES
«RARSOD  /CHOWEY.
JRADSO  UTON
JRADS0  /UTOFF /

CHNEMS: ¢ RADSO  /CLC 7
RADSO  /CLV
RADSQ  /CLZ
RADSG  /CLN

RADDO  /SEC
«RANSG  /SEV
+RADSO  /SET
+RADSO  /SEN

.. e M e

(MACRO CODE  PASYAL «MNEM.FORMAT,EYTHOD.MISC
JRADSO  TMNEM®
LENDN
MNEME: ! INSTRS
MREEL == HNEMSH064
TOPNAN . - D5YHS slensth of ereceding RARSO iable

nou
(LI
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Seecial Dats Structures

G ~J O h & ] PO

-0

10
11
12
13
14
15
14
17
18
19
20
21
22
23
24
23
26
27

157774

157774
157777

150000

000442

052744

018
019

140000

+SBTTL Seare Locationss Checksusr and ROM [.D,

it
§ The locations defined by the following directive are free and wust be
H zero for the rower-up diagnostics to work sroeerle. HWhen adding cade
i in this seace or chanding any of the rrevious codes adoust the checksuk
i value at CHECKS = 137774 so that the ROMs 35 & whele will have & cero
i word checksus.
;-_
LREPT  (157774-0>
HYTE 0
+ENBR

4
§ The following word adususts the ROM checksuas to zero.

*
—

CHECKS:!.WORD 52744 $12-NAY-83 R, Arnott

+H
The last bute in each ¢f the ROMs is ysed to identify the RONs,

- W e

LO.IDd: JBYTE 010 sVersion 1.0r low bute
HI.ID:Y (RYTE 010 tYersion 1.0r high bute

END!T  (EMD  START

A-10]
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ADDIT
ADRCHK

152154 G
154610 6
ATRCHI 154524 G
ADRCHZ 154530 6
ADVAIR= 007334 G
ASCOUT 133624 §
ASCRAD 154416 6
AUXFLB= 007711 G
AUXIN = 000120 G
AUXDUT= 000124 G
ASCREG: 177452 B
ASRBUF= 177550 6
ASSREG: 177552 G
ASXBUF= 177450 G
BASES 155420 G
BCDKEY 140050 €
BCOTBL 136522

BIMASC 154214 G
RINASI 154254 G
BLNKDS 136350

BLHKHL 136344 6
RLNKLO 134336 6
PLOAD 150442 6
ROTTON= 007346 6
B = 007630 6
BRANCH 153266

BRDISF 153024 §
BREAK 137114 6
ERKFIL= 007760 G
BRKPT 137174 G
BRKPY 141446

RUFFER= 007470 G
CANCEL 142246 6
CRASES 155600 G
CHECKS 157774 6
CHKSUN 155560 G
CHROUT 133530 6
CHROI 133540 G
CHROZ 133554 G
CLRAPE 151148

CHHENS 156442 G
CHONIT 142724 G
CHON 142572 G
CHONZ 143164 &
CHONZ 143216 B
CHON3L 143224

CHONA 143246 6
CKONS 143404 G
CHONG 143616 B
CHON 143552

ONTLE = 007344 §
CONACH 152670

CONLUP 143646

CONERK= 000140 G
CONCOR 153172 G
CONFLG= 007710 G
CONIN = 000060 G

CONQUT=
CONTIN
COUNT 1=
COUNT 2=
CRLF
CURCOM=
C$RBYF =
C$RCOR=

C4XBUF =
C4XCSR=

DEENCE=
DECDSP
DELETE
DELIH =
DELSYM
DGHISP
DIAGND
DIGEXE
DIRVEA
DIRVER
DIRVED
DIRVEH
DIRVEI
JIRVEN
RIRVED
DIRVEP
DIRVES
DIRVRY
DIRVE!
DIRVRE
BISPLA
nIvIg
DOCOM
DOCR
DDEXPR
DOFUNC
DoLASEL
DONVAL
DOOPER
DOSYMB
DOVERE
[SPOEC
DSFOIG
[ISPLKN
DSPNAK
DSPNUK
DSPTEL
DSPUNN
DSYMPS
DSYMS
I5YMUR
EARS
EBYT
ECAN
ECHO
ECLR
ECON

NACRD V05,00 Sunday 13-Mar-83 04110 Pase 39-1

Q00064
143612 §
007340 G
007341 &
133524 &
007326 G
177562 §
177560 G

177566 6
177564 G

G07704 G
140030 G
147444 G
007345 &
151674 6
140014 G
155334 €
140542 6
136346
156552
136356
154362
136364

156402
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136412
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13534 6
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144124
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142224 6
{51426 G
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47172 6
136366 G
135772 6
136044 6
136112 &
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140360 G
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156202
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134142 G
146222 G
144354

EQEL
EDELL
EERR
EEXT
EF N
EINS
ESOD
EHOY

ENTRAF
END

ENEEXP
ENUX
EREG
EREF
ERROR
ERROR2
ERRSEG
ESTH
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144540 G
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135756
144312 G
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137542 6
137350 G
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007706 6
137424 G
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137472
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142234 G
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[ e I ]

F.ARS = 000002
F.ADDR= 000004
FLAPPL= 010000

F.AddX=
F.BRKA=
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F.BYTR=
F.BYTH=
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F.DATA=
F.FUNC=
F.HOST=

000200
000400
001000
000020
Q00061
000260
000002
000420
000010
000020
(00040
000001
000040
004000

FL.INST= GO0100
F.KEYP= GO2000
F.LDST= 000100

A-102

F.LOAD=
F L HNEN=
FoHULL=
F.PAS1=
FPROT=
FREG =
F.SAVX=
FLS87 =
F.85T1=
F.5T08=
FeTRAS=
F . UNDF =
F (USER=
F.USRD=
F.VALU=
FNT =
GENEXF
GETARG
GETBP
GETCH
GETCHE
GETDST
GETERH
GETEXF
GETEX
GETING
GETKEY
GETLCH
GETLIH
BETLIY
GETNAM
GEThME
GETHUM
GETNXT
GETOFR
BETOPV
GETREG
GETSYH
GNEXAN
G
GOSLED
GRET
HELF
HEXSEG
HEP =
HGETCH
HI.ID
HOST
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HSTFLG=
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INSDNZ
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INTDSF
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000001
000004
106900
046000
000916
000010
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400001
005002

420000
000004
$00100
000010
000002
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133436 G
133318 6
133412 6
153452
184556 G
144522 G
144340
132204 G
140044 G
132406 §
133280 G
144040 ©
143450 ©
145304 G
140054 G
133426 G
184724 6
144720 6
1322 6
151580 6
141146 G
147432 6
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147320 6
135014 G
007672 6
134744 §
157977 6
156222
007637 G
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132274
153564
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I0IKIT
TOVECT
ITRAP
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KEYCHL

135076 G
135224 6
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142158

136514 G
14013¢ G
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REYGET 134436 6
KEYBEL 136470
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KLOOFi 141170

KLOOF2 141444
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LEDIY = 000104 §
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LEVEL = ¢07313 6
LINEIN 133000 G
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LOAD 150442 6
LOELNK 140040 G
LODISF 140024 6
LOGARD 132134 G
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L0, IM 157774 G
LPAREN 145045

MATSYR 151432 G
MFBIS1= 007464 6
HNCEE = 158964 6
HMEMS 156502 ©
NODE = 007342 §
HDNITR 140010 G
NONITY 137354 ¢
HOVE 150044 G
MULTIP 132142 G
NANTBL 136154 G
HOHOST 150304 G
NOPCOR 153240 6
NOPROT 150134 6
NFROT 142382 6
MUMCH 154156 6
RUHBEY 138544 §
pEpADR 154312

OFERAT= (07343 6
OFFAND 153914 G
OFRTRL 145250

OPTION 150352

DVERFL 143104
PADRAD 144050

FADRL 144040
PARANS 154034 6
FARDSF 144104
PASSL 150202 ©
FASS2 150212 6
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Sumbel tabie

PISVAL
FERMOD=
FFVEC =
PRINT
PRINTA
PRINTL
PRINTZ
FRINT2
FRINT4
FRRERR
PROTEC
PURGE
PWRFYS:
PICREG=
P$FDRA=
P$PORC=
F$FORD=
PYPORT=
P4PORO=
RANCH
REGDSY
REPEAT=
REFDFO
RERR
RFAREN
RSTART
RTGREG
R1x40

+ ARG,

145670 G
0073131 6
000024 G
133766 §
133754 G
134004 G
I33774 6
134014 &
134010

143120 &
150172 6
133450 6
007674 G
177446 G
177440 G
177444 6
177544 G
17542 6
177442 G
154302 6
152724 G
007466 G
151412

130132

143152

140004 G
152714 G
134122 G

160000
200009

Errors detected:

000
061
0

SAVEXP= 007334 G
SCRPAD= 007400 G
SCRFDM= 006500 G
SEGBUF= 007712 6
SETAUX 135170 G
SETAX1 135126
SETAX2 135124
SETHOD 146104
SLUTST 135454
5Ll 135472
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SPELEF= 007726 G
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STRCK = 007462 G
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SUBTR 132160 G
TALK 130504 G
TALKL 150530
TRLEOT= 007452 6
TBLFUL 151304
TBLYOP= 007320 G
TBROSP 133734 G
TCOMNA 153602

(R L:GBL s ARS VR
(RM+ Iy L.CLYREL +COR}

I1) Assesbler statistics

Nork file reads: O
Hort file writes: ¢

Size of work filel 10750 Words
Size of core poglt 13317 Worde
Oreratitig sustes; RT-11

Elarsed time: Q0:02330,51
DK S HONZ» DK S MONZ/C=1K 1 HON2

{ 43 Pades}
{ 52 Pades)

TCONCD
TEXTRF
TFULOP
TIKE =
THPHOD=
TOPHAN=
TDPRMD
TPREG

TREGIE
TRGDST
TRTSRG

TSORDS
TSROSY

TYPADR
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TYPBEC
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133554 6
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153544 ©
155250 G
154634 B
154650 6
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135202 6
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135170 6
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135076 G
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154744 6
131736 6
195042 @

A-103
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TYPEYH
TYPTEL
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UNBEFX
LPELHE
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SERAN
USERIV=
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VTOFF
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K1
$R2
$R3
$R4
SRS
$5F
$351
$8TART
R =
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$.BYTE
$.EVEN
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nonow o u

141722 G
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137570 5
133874 G
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007750 G
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141810 G
150012 G
¢07732 6
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007744 ©
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133858 6
004500 6
G47794 G
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147454 G
147485 6
147775 6
130344

147560 G
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APPENDIX C
ERROR MESSAGES

C.1 DIAGNOSTIC ERROR MESSAGES
The foliowing flashing error messages are displiayed if the DCT11-EM fails its diagnostic tests. These are
fundamental errors and must be corrected before you attempt 10 do anything else.

UPPER LOWER
DiSPLAY DISPLAY MEANING
1 € o RAM checksum test failed. Try
et f replacing RAM chips.
2 Elrlrlalr ROM checksum test failed. Try
replacing ROM chips.
112 Elrlrlolr RAM and RDOM checksum tests failed.
Baard may have major problems.
3 Elr|[r]ofr DLART feedback test failed.
Boarg may have major problems.

C.2 KEYPAD ERROR MESSAGES

If the DCT11-EM detects an error while you are using the keypad, it displays a flashing error message on
the upper and lower rows of LEDs. The upper row of LEDs displays a two-character error code and the
lower row of LEDs dispiays:

The entire error message disappears and the DCT11-EM is returned to register mode when you press the
HALT switch or any key on the keypad.

The keypad error messages are as follows.

UPPER LOWER
DISPLAY DISPLAY MEANING
b P Elelelalr You tried to execute_a program with
a BPT instruction in it
_I A break was detected on the console
Clb E|lrir]|alTr terminal port while the keypad was
active.




| [n Elr|rlalr You tried to execute 3 pragram with
an invalid instruction in .

You trigd 1o execute a program and
S|P Ejrfr]ojgr used an unacceptable value far the
SP. See chapter 5 for more infermation.

You tried ta alter a protected location
Uir Elr|r]ojr 1n the keypad monnor scratch pad
{locations 7400 through 77786).

C.3 CONSOLE MESSAGES

The console displays 12 different messages (Table C-1). Most of these are error messages that indicaie a
problem with your input or with the execution of your program. This paragraph explains each of the
messages and its probable causes.

Some of the error messages are preceded by the portion of your input that caused the error, If this is the
case, your erroneous input is displayed between backslashes on the line above the error message.

C-2



Table C-1 Console Messages

Message Meaning

BRANCH OUT OF RANGE You input a branch instruction which was too far from the branch destina-
tion. Recall that branch instructions have a range of —128 to 127 (decimal)
words,

BREAK POINT

ENCOUNTERED A breakpoint (B1, B2, B3, or B4) or a BPT instruction was encountered

while your program was executing.

BUFFER OVERFLOW The console monitor was accepling input from a host and a line exceeding 96
characters was received. As with all errors generated during host loading,
this error stops the DCT!1-EM from loading further input from the host.

CONSOLE BREAK The BREAK key on the console keyboard was pressed. If you are executing
a program, execution stops and the DCTJ 1-EM internal register values at
the time of the break are saved. If you arc in HOST, TALK. or LOAD
modes. CONSOLE BREAK causes a return to NOHOST mode.

INVALID INSTRUCTION
ENCOUNTERED An invalid op code was encountered while your program was running.

INVALID STACK POINTER The stack pointer did not have a value between 4 and 6500 (inclusive) when
you started your program or when you single stepped.

NOT IN USER RAM You attempied to alier a location that was in the protected momtor
scratchpad area (locations 6500 through 7777, inclusive).

ODD ADDRESS You attempted 1o access a full word in RAM on an odd address boundar
Use the BYTE mode 10 examine or alter Jocations at odd addresses.

REPEAT OF ZERO You input 4 REPEAT command that had a count of zero.
TABLE FULL You attempted to define more than 66 symbols.
UNDEFINED EXPRESSION You attempted to use an undefined parameter, operand, or other data object

when a defined ¢xpression was required. For example, you referenced an
undefined symbol while in PASS2 mode.

WHAT ? You attempted to input a line that had a syntax error in it.




A

ABSOLU command, 4-7, 4-29
Address decoding, 6-6
Address pointer, 4-6
Address space, 5-13
standard RAM space, 5-15
expansion RAM space, 5-15
monitor space, 5-15
1/0 space, 5-15
for external hardware, 5-16
reserved, 5-16
Altering memory
with console, 4-10
with keypad, 3-10, 3-32
Altering registers
with console, 4-5
with keypad, 3-4, 3-32
ASCII command, 4-21, 4-29

B

.BLKB command, 4-21, 4-29
.BLKW command, 4-21, 4-29
Breakpoints canceling
with console, 4-20
canceling with keypad, 3-27, 3-32
displaying with console, 4-20
displaying with keypad, 3-20, 3-32
setting with console, 4-19
setting with keypad, 3-20, 3-32
Buffers, 6-5
.BYTE command, 4-21, 4-30
BYTE command, 4-7, 4-30

C

Cancel breakpoints, 3-27, 3-32
CANCEL command, 4-16, 4-20, 4-30
CLEAR command, 4-14, 4-30
Connectors, 6-8
60-pin (J1), 6-8 through 6-9
auxiliary serial (J3), 6-10
console serial (J4), 6-11
power supply (J2), 6-10
Console
altering memory with, 4-10
altering registers with, 4-5
command summary, 4-29

INDEX

connecting a, 4-1
control commands, 4-3
default modes, 4-2, 4-21
entering programs with, 4-12
examining registers with, 4-5
examining memory with, 4-7
host loading with, 4-22
input rules, 4-2
monitor, 1-1, 3-28, 5-1, 5-15
output formatting modes, 4-6
single stepping with, 4-17
transferring control 1o and from, 4-2
using breakpoints with, 4-19
using watchpoint with, 4-16
Console commands
ABSOLU command, 4-7, 4-29
.ASCII command, 4-21, 4-29
.BLKB command, 4-21, 4-29
.BLKW command, 4-21, 4-29
.BYTE command, 4-21, 4-30
BYTE command, 4-7, 4-30
CANCEL command, 4-16, 4-30
CLEAR command, 4-14, 4-30
DELETE command, 4-14, 4-30
.ENDD command, 4-26, 4-30
.EVEN command, 4-21, 4-30
EXIT command, 4-2, 4-30
GO command, 4-16, 4-30
HELP command, 4-21, 4-30
HOST command, 4-23, 4-30
INSTRU command, 4-7, 4-30
LOAD command, 4-24, 4-30
NOHOST command, 4-23, 4-30
PASS] command, 4-25, 4-30
PASS2 command, 4-25, 4-30
REPEAT command, 4-21, 4-31
SHOWMO command, 4-21, 4-31
SHOWRE command, 4-5, 4-31
SHOWSY command, 4-14, 4-31
START command, 4-25, 4-31
STEP command, 4-17, 4-31
SYMBOL command, 4-7, 4-31
TALK command, 4-23, 4-38
VTOFF command, 4-3, 4-31
VTON command, 4-3, 4-3]
WORD command, 4-21, 4-3)
CTRL/A, 4-3, 4-24, 4-25, 4-32
CTRL/C, 4-3, 4-32
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CTRL/O, 4-3, 4-24, 4-32
CTRL/Q, 4-3, 4-32
CTRL/R, 4-3, 4-32
CTRL/S, 4-3, 4-32
CTRL/U, 4-3, 4-32
CTRL/X, 4-3, 4-32
CTRL/Y, 4-3, 4-32

D

Default operating modes, 2-3, 4-2, 4-21

DCT11-AA microprocessor, 1-1, 6-3

DELETE command, 4-14, 4-30

Directives, 4-20

Debugging, see Breakpoints,
Single stepping, Watchpoints

E

END command, 4-36, 4-30
EPROM, 6-4
.EVEN command, 4-21, 4-30
EXIT command, 4-2, 4-30
Error Messages

console, C-2

diagnostic, 2-4, C-1

keypad, C-1
Examining memory

with console, 4-7

with keypad, 3-7
Examining registers

with console, 4-6

with keypad, 3-2
Expressions, 4-3

G

GO command, 4-16, 4-30
Go with LEDs, 3-27, 3-32

H

Host Loading
configuration, 4-22
example of process, 4-28
preparing a loadable program, 4-25
the HOST command, 4-23
the TALK command, 4-23
HELP command, 4-21, 4-30
HALT switch, 3-24, 6-7
HOST command, 4-23, 4-30

INT switch, 3-25, 6-7
INSTRU command, 4-7, 4-30
Instruction format, 4-11
Interrupis, 5-5, 6-6

Jumpering, 2-4, 6-4
K

Keypad
altering registers with, 3-4
altering memory locations with, 3-10
command summary, 3-32
entering programs with, 3-12, 3-16
examining registers with, 3-2
examining memory locations with, 3-7
monitor, 1-1, 2-3, 5-1, 5-15
number system, 3-2
single stepping with, 3-17
special functions, 3-26
cancel breakpoints, 3-27, 3-32
go with LEDs, 3-27, 3-32
release protection, 3-30, 3-32
set baud rates, 3-28, 3-32
start console, 3-34, 3-32
using breakpoints with, 3-19
using watchpoint with, 3-22

L
LOAD command, 4-24, 4-30

M

MACRO-11, 4-20
Memory expansion module, 6-11
Monitor, 1-1, 2-3, 3-8, 3-28, 3-30, 4-2, 5-1,
5-15, 6-4
Monitor subroutines,
console, 5-8 through 5-13
ASCOUT, 5-9
CHRO2, 5-9
CHROUT, 5-9
CRLF, 5-9
GETCH, 5-9
GETCHC, 5-9
GETLIN, 5-8
GETNXT, 5-9

INDEX-2



PRINTA, 5-9
TYPDEC, 5-%
TYPOCT, 5-9
using, 5-10
keypad/LED, 5-2 through 3-8
BCDKEY, 5-3
DECDSP, 3-3
DGDISP, 5-2
GETKEY, 5-3
GETNUM, 3-4
LOBLNK, 5-3
LODISP, 5-3
UPBLNK, 5-3
UPDISP, 5-3
using, 5-4

N
NOHOST command, 4-23, 4-30
P

PASSI command, 4-25, 4-30
PASS?2 command, 4-25, 4-30
Peripheral chips, 6-4
address decoding, 6-6
auxiliary serial line (8251A), 6-5
DLART console serial line, 6-5
parallel port (8255A), 6-4
reserved locations for, 5-15, 6-4
Processor status word, 3-2
Power supply
cable, 2-1
connector, 2-2, 6-8, 6-10
requirements, 2-1

RAM, 6-5
Release protection, 3-30, 3-32
REPEAT command, 4-21, 4-31

S

Set baud rates, 3-28, 3-32
SHOWMO command, 4-21, 4-31
SHOWRE command, 4-5, 4-31
SHOWSY command, 4-i4, 4-31
Single stepping

with console, 4-17

with keypad, 3-17
Stack pointer, 2-3, 3-2, 5-2
START command, 4-25, 4-31
Start console, 3-28, 3-32

STEP command, 4-17, 4-31
Subroutines, see Monitor subroutines
SYMBOL command, 4-7, 4-31
Symbols

defining, 4-14

deleting, 4-14
displaying, 4-14

symbeol name rules, 4-13

Symbol table

deleting, 4-14
displaying, 4-14

System specifications, 1-1

T
TALK command, 4-23, 4-31
Timing, 6-7
Traps, 6-6

U
User LED, 3-25, 5-5

Vv

VTOFF command, 4-3, 4-31
VTON command, 4-3, 4-31

W

Watchpoints

canceling with console, 4-16
canceling with keypad, 3-27
displaying with console, 4-16
displaying with keypad, 3-20, 3-22
setting with console, 4-16

setting with keypad, 3-22

WORD command, 4-21, 4-31
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