User’s Manual

Price $25.00



e e e o
e o
N AU W N -

[ASZEACJEACIRA\C BN \VI)\V)
Ul 2w D) —

W W WW W W wWw
e o °
LMD MNMDNHDNDOLND -

L]

NI W N —

WWwWwwwwwww
AUV EFLWwWwww ww

e o o o o o o o
MNP PPMND DN ND =
® o © o © o » °

—

R — N - N - - -

O O~INU W =

TABLE OF CONTENTS

Using This Manual
OVErVIEW tiuteuonuooooooeocoocooocesooonoooosssosoeossesssssss
Manual's Purpose © 6000506006060 005000c800066000000660000000000s
AUJIENCE oo eoonooosonooasoonssosesossoossscoooessssscsesssss
TerminOLOgY «oeeeeoeocncoocoocoonsooanoacoosoeosoeosnsososess
Conventions .ueeeseeoosoccooosoosocsosooscocooocssssscsossosss
Manual DeSIgN eeeuseoooososssoooecosososonoococsssssosossess
Important Information ....ceececceoceeeooocoooococcoosoneesss

Introducing the 1771-DB Basic Module
ObDJECLIiVES iueseesoconcocosooooooseooaoosoossooescosoossssss
General Features ...ceecoccccceocsococososocoosoosssnococsssss
Hardware Features .....ccoceccscsssccoscocccocsoososssssssasos
Software Features ..ceeeeecccccocooccosoocsoocsscosonsoonsess
Specifications ..cieeeiecoenoscoccococoococooccossocsscsssess

Installing Your 1771-DB Module
ObJectives tieeieecooesconscsococoocooooosoococsoscnsonssenossss
Installation of the 1771-DR Module ....cecees cecsccsescsene .
Power Requirements ..ccecccccccocsocoososocccsosossosoanesses
Module Location in the I/0 ChasSSiS ....eescocsccccocccsccses
Module Keying ...ceccceccccccccoocscs csccee csecocscnssse cocsee
Configuration PlUES .cececccsncoccoocoosssscsscsssscssssscssse
Module Installation .ccececsoscccccocsoaososscoscccsscsoscss
Initial Start-up Procedure ...cccccceccccocoocnocscscsscsccssae
Using the 1771-DB Module's Programming and Peripheral
Communication POrts ceeceeccvscocscocscooccoscsossocnsscsssssos
Connecting a 1770-T3/T4 Terminal to the Programming Port ...
Connecting a 1770-SB Recorder to the Peripheral Port ..c.oc...
Connecting a 1770-HD Printer .cccccccecococsccccccscocsocacoscss
Connecting Other RS=232-C/RS=U23-A DevicCeS ..c.ceccecccscocces
Connecting RS=U22 DeViCeS .eovscsosccoocococsssassosooosoccssse
Cable Assembly Parts ..eececoccccccccocoosssccscoscsnsssssss
Module Status Indicator c.ccececcccscccsscosccoocsssoscsasssse
Installing the User PRCM ....ccoveccococcoccccoss cesccccccoecs
Battery Usage .cccccece cecesccccccccccsnsss cecooeoe ceoscscsne

Operating Functions
Objectives .eeccesccsoccossccsosnssssonsonsonssosossssssscnsscsss
Definition of Terms .cccecceococcsccooccooccososososososcoscsss
Description of Commands eccescococcosccccacocssoccsossonsnsssacss
RUN (cececes Pecssescsssevons cecvesesessessenscsesasnesee cesoocs
CONT ceeveococoosonossooonoasescsososascossssososassss cccconne
LIST ceeeocosocosososcscoososocscaosacaonooososcosossonoossnssss
LIST# ceeeecocccsoscoscossoncoasosasoscnoas cecesescsccesceccss
NEW tceececcocccscssoccoacossassococcsoscoasosonssosasssossoesso
CTRL C sveeoccooscoosscosccsaocsoscsocoaconocsssncsonoossonsosss
CTRL S tevveececocoooocsssooosocscscosoossososoncosscssossess

CTRL Q ®© 0000000006000 00000000000606002a8c0506000600000006000060066Ee06 S

W Wwwwwww
i
WWMNHNDMNON = —

wwwwﬁowwwww
~N~~NOoO oo EE LW W

]
ON_NNN N OV =

21:2&-1:.!:{:.!:‘4:1:##




°
°

o o
°

—_ e

SZW N O

°
LWW WML NN
.

e o ° e o ° e o e o o o o
° ° ° ® e e o e o o e o

L]
MMMV MNVMNDMNDDHDNDD = 33 a3 OPJOAUTEWN —

e o o
°
~NOUNTEWN 200V OIOU FWN =0

P S i R i - - R R R I )
L]

® (] ®
FLWWWLWWWWLWWWWWWWWWWWWLWWWWWW
° L]

e e

F—g i g~
e o o °
e o o
°

°
W -

o o o

o o o o

FwmPPLNOND =
o o

e o e o o o o
° o o °

°
NVl EW N -

° °

B N . . . - - B I N
°

NN OO ONOVUITUIU &~
°
N —

Cverview of EPROM File Commands cessssesscesase
RAM and ROM

XFER ©© 000000000000 000060060600000606000806066060606a6o0

PROG ocoooon-.noo....aooo-nc-o.oooc.oonocootooo--oanooo.o-o.

PROG1 and PROG? 00 000000000000 0006060000006060600606060600060060600s
DeScriptiOh Of statements 00000002006 000006006060600000000O©E6 066G G D

CALL © 0000000000000 0006060600600O0CGO0O6OCGCEQ O®OAOQOO S

©0 0000000600000

.0.0....'l.l.'!D...l.l.....'.I..O'...0......0..0

©®o0 0000000000000 o0

©©0©®000000600060000 00

CLEAR © 0000000000006 0000000000000000600060660®60066066066006666s o

CLEARI ©©000000000000000°000000000000000006066600O0OC8OCEGEEOSEOESOESESEGSH

CLOCK1 and CLOCKO .veueeecooncoceoecoacoeoneasoannnns ceeneane
DATA-READ-RESTCRE ...vvvvecevncncnnnns cecesscscessa

DIM ...00...0.....Il....O.‘0...0'...!0...ll.!.......‘ll..o..

DO‘UNTIL ©©0© 0000002000000 00000C000000006000000000066O0OCO0OOOGEGESE SO O
DO—WHILE © 000600000000 066000600006006020060000OCOCOCEEOCGCGQGCEOCOOCECEEOEOOBOSEEDSESOO

END 'u....'i..ll........i...tt...l"'l'l'l..'.ll.l...'..!lll

FOR=TO=STEP=NEXT 4utveoouooeeooonoeeoonooonnnnoooconnenosses
GOSUB=RETURN 4 eoveeeeencnoonosaooocooocooosnssannaenes
GOTO tetteeennneeeennnesooeoocscocaccooacoonosnsnononnnsenns
ON GOTO=ON GOSUB 4ueeeuescuossonscocooasconnnanonconnoanness
IF—THEN=ELSE +oceeeucoocococsoooccscooocooasosoocssssonnccnoss

INPUT ©©06 0060000000000 00600060000096060060O0OCOO0O066000C0E0 65606060

0
ONERR teeoceecceocncenssoossoscoosocoososancossoensosssonnsssss
ONTIME ¢4eeeceeoecssoosoonoocoscocososoososoocsscosssosossss
PRINT iftiieeeeeseeocsscooossooosasoooocsonasaosonssosassssss
PRINT# ¢uceocoooccocsonssooscooscoscoosoossonssesssssssssses
PHC. ,PHI. ,PHO#,PHI.# +ecueencocosoooooccoocososnssocossssss
S
POP ttetuteceosocsoceasosaosonocoasoooosososoososssssssssssss
REM i ieeieeeneonoeeoosoeonoooocoooosooooseasoososasconeosoes
] cesson
S O
STRING ¢uvvecoceoceosoososossososoocaoosoassossoncnnossssses
Description of Arithmetic/Logical Operators and
EXpressions..cececececosccscnssss Geeccscsessesesenerascnes coene
Dual Cperand (DYADIC) Cperators ..cccsceecoocscccsss cesasivaes
Unary Operators ccesccccococcssssosocacosccsosoosssasssasess
General PUrDOSE seeesccscccoooccococonoosossssssoooosssocsss
Log FUnctions ...ieeeeccococsccsccossceoscocscsccsssansssess
Trig Functions ...ceeesscecccsccocososoossocossscoosssoccss
Understanding Precedence of Operators .ccecccsscocccsccscsss
How Relational Expressions WOrK ...coececoescecocsssscsoscocscses
Special Operators ...c.cecceoccosssssccscssooscoosscssssssossansss
Special Function Operators ..ccecoceoscccccscocossscnssssssss
System Control ValuesS .ccecoesosssscsccsoccocncscsoscosooossss
Data Transfer CALLS ..cccoccocscoccososcossososossocosssssssss
Update Block Transfer Read Buffer (timed) (CALL 2) cveeccoos
Update Block Transfer Write Buffer (timed) (CALL 3) .ccoscees
Set Block Transfer Write Length (CALL 4) ..cceescccscccssos
Set Block Transfer Read Length (CALL 5) ..ccececcocces sesanese
Update Block Transfer Write Buffer (CALL 6) .ccocccscsccccscs
Update Block Transfer Read Buffer (CALL 7) cccecosoccoscsccscse
Disable Interrupts (CALL 8) .cccccccocccococcassssssscsonsss



L] ° L] ]
NNNNNNaNo

E— - - P = -
L]

e o © o e o o o
® o o o o e o
=W

e o ° e o L] ° L] e e o
e I S SRS AT Y Ve IV e iV e JiVe Ve JiVe JiVe JiVe JVo MVe JiVo Ve Ie < JX0 ¢}
° ® L] ® o
o o o o - EEDTETWND -

B i N N N I - e i I A

QOO OCODe

Ul =W -

Enable Interrupts (CALL 9) cooccococcccecooonconsosoocsoccsese
3-Digit Signed, Fixed Decimal BCD to Internal FP +xXXX
(CALL 10) v.eevennn.. Ceveeeees et e e et et tarenneeeseennes
16-Bit Binary to Internal FP (CALL 11) +eeecocccoccsooncesons
4-Digit Signed Octal to Internal FP +xXXXX (CALL 12) .iveew.
€-Digit, Signed, Fixed Decimal PBCD to Internal
FP 4+xXXXXXX (CALL 13) tuteeeocosoccooscooocoooonsoonsosassses
4-Digit BCD to Internal FP (CALL 14) ....eeeosooococncassess
Internal FP to 3-Digit, Signed, Fixed Decimal RCD
+xXXX (CALL 20) .evev.. csecescecacaassca coeses cesocscscsscene
Internal FP to 16=Bit Pinary (CALL 271) toeoocosococcccccceces
Internal FP to 4-Digit, Signed Octal (CALL 22) .veveeveecens
Internal FP to 6-Digit, Signed, Fixed Decimal RCD
+XXXXXXX (CALL 23) sevoosoovoococoscoscooooossoncncsocsnsses
Internal FP to 3.3 Digit, Signed, Fixed Decimal RCD
+XXXX XXX (CALL 26) Jeeveecccooocococococonnsss crecsbusonnri
Internal FP to 4 digit BCD (CALL 27) cceovcoccccccossancocsnose
Communication Port Support CALLS .....cccocesoscocsscsncoccss
Peripheral Port Support Parameter Set (CALL 20) teveoososocso
Peripheral Port Support - Display Parameters (CALL 21) ..e..
Save Program to Data Recorder (CALL 32) cioesocovcoccoccccsscs
Verify Program to Data Recorder (CALL 23) c..cecvecoccosvcss
Load Program from Data Recorder (CALL 34) ...ceceoccovoscs coo
Get Numeric Input Character from Peripheral Port
(CALL 35) teeeososcosscssconcsoosccocososcoossosansesnssossss
Save Labeled Program to Data Recorder (CALL 38) teeecooccose
Load Labeled Program to Data Recorder (CALL (39) ..eococcoss
Wall Clock Support CALLS cecececccccoososccosoosoocsconsonsascss
Setting the Wall Clock (hour, minute, second) (CALL 40) ....
Setting the Wall Clock Date (day, month, year)
(CALL 37) cevoececonococosssssescsccoooocssosossscoooscsosos
Date Retrieve Numeric (day, month, year) (CALL LU4) ..eceeveew
Time Retrieve Numeric (CALL 46) ...ccccecscoscoccssosssscnsce
Description of String Operators .ccccceccccossscssssosssscsococs
What Are Strings? ccceecoccscsscssccscococssoscosssoscosssossse
The ASC Cperator .cccccesscccccsoccsoccscosossccocsasas eesecsaie
The CHR Operator .cccecccccscsoccosocacscsscsossosoosososossss
String Support CALLS .ceccccosccssccsocscosossoooscacsssossosss
String Repeat (CALL 60) .ocoecccosccooscscscsccscsosososoccs
String Append (CONCATENATION) (CALL €1) ccececcsoccsosos e
Find a String in a String (CALL 64) ...cceccceccccoosccocoss
Replace a String in a String (CALL €5) ceesoscscacccssonssa
Insert a String in a String (CALL 66) .ccececocscocscnssosse
Delete a String from a String (CALL 67) cececsscess cesascse
Determine the Length of a String (CALL 68) .cceecccsscccsss
Memory Support Calls ..cccecccscccscccons cvesecsssrescacsesns
ROM to RAM Program Transfer (CALL 70) c.cecccscesccssssccsns .
ROM/RAM to ROM Program Transfer (CALL T1) cecococosscsssscsns
ROM/RAM Return (CALL 72) ccococcoccscsosccsssccssscososasassscs
Battery-Backed RAM Disable (CALL 73) c..covccccocccsccocss .o
Battery-Backed RAM Enable (CALL 74) ...ccceccoccsconcscscscs



1771-DB Block Transfer Programming
Cbjectives © 00 6 00 00000000 0000600000600000006000606060000000s.es.e
Concepts FEehind BASIC Module Plock Transfer With a PLC ,.....
Block Transfer Programming ® 0650006000 0000060000s0cs00so0essos
PLC-2 Family Processors ©6 s e o0 oscosccecneseececseseceeoos
Sample Programming-Single Data Set cooccoccsesssscsesnscssese
Sample Programming-Multiple Data Set cesosvcsscssessscsecos

°
tWwwwwn —
°

UTUv ot Tl
e o
°
Y
e o
nN —

Data Types
Objectives © 8066060000 80000 665606050000 05000600s000600606000e0.s
Data Types-Cutputs © 666000000606 00050000066000066066000600s0o
16 Bit Rinary 66 66 0066800000000 0600000000606 sesesoescesoso
3 Digit, Signed, Fixed Decimal BCD ....veoeeeeeescocesennnns
4 Digit, Unsigned, Fixed Decimal PCD ..vveeeoeoosesosonennns
b Digit, Signed, 0CtAl .ueeuveeeeesooonoonoooeoccocannnsnens
6 Digit, Signed, Fixed Decimal BCD .uuvoeoeooccesoosnocosnes
3.3 Digit, Signed, Fixed Decimal BCD ...vevecoocooococonsess
Data TypesS—TNPULS tuueeeeeeeeoecoooooocosooneosscoesessseosss

°
NN N -

NANANITADN OO OV O
L]

WD NN —
°

Editing a Procedure
Ob JeCEIvVeS tiiuneetereroccocccnoocoocoscooanoosascnoacnssnsss
Entering the Edit MOde .cueeeecocevcoocooooncocncsoosnosoness
Editing Commands .eeveeeeeocoocooooccecooocooaoaseoonsssssses

Move © 500000060000 00000600600600e0E6°Q8 50606 S e © 00000000000 060000600060

e o
3

ReplaCe ©© 0000000000000 00606060006600060660G6 000000606000 0©060©6 0060606000

Insel‘t ©© 0000000000000 000000000006000660600660O00 0006060006666 0606 o

Delete cieeeeeeoceescssccoonnceanocconsse csecotsemassnessesenns

Retype 0000000000060 0000000060606000C0O°S5 0060500006 0@06O06GCOO606006 3 0006

EXitS ©00060000060000000000060000000G60060G6 500600606 000606066 06060600 600

NV W N =

RGHUMber © 0000206060006 00000000600600000COC0C0COO®OOGEO 00606660660 60066OC O

Editing a Simple Procedure ....cceceeceeceecccoocososnncccasss

Error Messages and Anomalies
Objectives .Q...O.l.....l.....O..............0.....'.........

W00 N33~~~ 3
L] L]
EWLW W IWW L W N —

°
Py

Error Messages 'lQ...0...I.Q..‘..‘i‘..l".‘...l..l.....ll....
Disabling ControleC ....ccoceccccescoocooooocnocoscsosnosoosess

AnOmalieS © 00 90000006000 00000606000006000600606600000C6GEOOEOGEOOOOOOOEODE

< 0o 0o
®
W

Appendix A CQuick Reference Guide ccoeesccoccoscooccccoocosossnsonossss
Appendix B ASCII Conversion Table .ccescecccosccooocosssssssocsscsssss

~ 3 \J~JTJ—4—4-< ~3 -3

[ |
- -3

A
NN N e s s

[}
s

LI I
N N) = d e w3 s ed 3

o
i
s



Chapter 1 - Using This Manual

1.1 Overview

Read this chapter before you use the 1771-DB Module. It will tell you how to
use this manual properly and efficiently for the tasks you will have to perform.

1.2 Manual's Purpose

This manual will show you how to install and operate your BASIC
module,

This will be accomplished in four areas:
o Hardware Specifications

o Installation of the 1771-DB Module

o Basic instruction set

o Programming the 1771-DB Module

This manual is not a BASIC tutorial document. Tt is assumed that the
user is familiar with BASIC programming.

1.3 Audience

Pefore you read this manual or attempt to use the 1771=DB module, you
should be familiar with the basic operation of the 1771 I/C structure
as it relates to your particular controller. If you are not familiar
with this information, refer to the following publications:

Bulletin 1772, Mini-PLC-2 Programmable Controller, Programming and
Cperations Manual, publication 1772-6.8.4

Bulletin 1772, Mini-PLC-2/15 Programmable Controller (Series B),
Programming and Operations Manual, publication 1772-6.8.2

Bulletin 1772, PLC-2/20 Programmable Controller, Programming and
Operations Manual, publication 1772-6.8.1

Bulletin 1772, PLC=2/30 Programmable Controller, Programming and
Operations Manual, publication 1772-6.8.3

Bulletin 1775, PLC-3 Programmable Controller Programming Manual,
publication 1775-6.4.1.

1.4 Terminology
We refer to certain types of equipment throughout this manual. To

make the manual easier for you to read and understand, we avoid
repeating full product names where possible.
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We refer to the:

o BASIC module (cat. no. 1771-DB) as the 1771-DB module

o Industrial Terminal System (cat. no, 1770-T3/T4) as the T3/Tu
Terminal

o Data Recorder (cat. no. 1770-SA/SB) as the 1770-SA/SB recorder

o Those RS-222-C compatible devices which communicate to the 1771-DB,
such as the T3/T4 terminal, 1770-SR recorder, computers, robots,
barcode readers, or data terminals, as RS-232-C/RS-423-A device,

o Devices connected to the peripheral port as LIST devices

1.5 Conventions

In this manual, we use certain notational conventions to indicate

keystrokes and items displayed on a CRT or printer. A keystroke is

shown indicated with brackets such as :

[ENTER]

We describe any exceptions to these conventions where they occur,

1.6 Manual Design

This manual is designed with as many as three divisions per page.
These divisions include:

o Headings describe the contents of the text.

o Text provides explanations, information, and examples.
o Figures showing displays, hardware, and diagrams.

1.7 Important Information

In this manual, there are three different types of important
information:

o WARNINGS inform you where personal injury may occur if you do not
follow the written procedure.

o CAUTIONS inform you where damage to your equipment may occur if you
do not follow the written procedure.

o NOTES inform ycu where exceptions may take place to remind you about
information.
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Chapter 2-Introducing the 1771=-DR Basic Module

2.1-Objectives
This chapter discusses the functions and features of the

1771-DB module. When you finish reading this chapter, you
should:

o Understand and be able to identify the hardware components
of the 1771-DB module

o Understand the basic features and functions of the 1771-DE
module

2.2 General Features

The 1771-DB (figure 2.1) will provide math functions, report generation and
interactive BASIC language capabilities for any AB PLC that can communicate to
the 1771 1/0 system via block transfer.

o PRasic programming using the Intel Basic~52 language

o Math functions consistent with the Basic-52 definition

o Two serial Ports capable of interfacing to various user devices

o Each communications port can be configured independently

o User accessible real-time clock with 5ms resolution

o User accessible "wall" clock/calendar with 1 second resolution

o Program generation and editing via a dumb ASCII terminal or
1770-T3/TY4 Industrial Terminal in alphanumeric mode

o Program storage and retrieval using the 1770-SA/SB recorder

o Plock transfer communication capability from a PLC-2 family or
PLC-3 programmable controller

o Data table reads/writes from/to the programmable controllers
via block transfer

o On board program PROM burning
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2.2 Hardware Features

The hardware is a one-slot module design having the following functions and
features:

0 Cne RS-4238/232C compatible program port which supports ASCIT
terminals to provide operator program interaction, command level input,
printer output, etec. Supports XON/XOFF. On power-up the module does an auto-
baud search and sets the program port baud rate equal to the baud rate of the
terminal, Typing the Space bar initializes the baud rate. Refer to section

2.2.6. Changing the baud rate when switching terminals is accomplished by
changing RCAP2,

>10 RCAP2 = value

The allowable values for RCAP2 are as follows:

Value Raud
65518 (CFFEEH) 19200
65500 (OFFDCH) 9€00
65464 (OFFB&H) 4800
€5392 (OFFTOH) 2400
65248 (OFEEOH) 1200
64960 (OFDCOH) 600
6438Y (OFB80OH) 300

o Cne RS-U23A/232C/RS-U422 compatible peripheral serial communications port,
supporting XON/XCFF software handshaking and RTS/CTS, DTR,DSR,DCD hardware
handshaking for interfacing to printers and commercial asynchronous modems.
The peripheral port is configured via a CALL routine. Refer to section 4.7.1.

o Interface to the 1771-I/0 rack backplane to support block
transfer

o Real-time clock/calendar with battery back-up, available for
program access

o 13K bytes of battery backed-up RAM for user programs

o Battery replacement can be accomplished without removing the
module from the rack

0 32K bytes of EPRCM storage for user scftware routines
o All power is derived from the back plane (1.5 amps).

o Multiple 1771-DBs can reside in the same I/C rack
and function independently of each other
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2.4 Software Functionality

This module runs user-written Basic language programs in an interactive mode
through the dumb terminal/programming port interface, or on power up. The
execution of these programs will allow, but does not require, interfacing
directly to any programmable controller ladder programs.

The following devices and features will be supported:

o terminal for programming, editing, system commands,
displaying data, and interactive program dialog

o serial ports for report generation output, upload/download to
1770=-SA/SB recorder

o0 PLC=2 and PLC-3 data table reads and writes via block transfer

Routines are provided to employ both the real time clock and the
"wall" clock/calendar. The "wall" clock time base will be seconds.

Program execution may be started in three different ways:

o by individually entered commands at the interactive terminal

o upon recognition of predefined PLC data table values

o at power-up initialization

User-written programs can be stored and executed in EPROM. The system provides
the capability of having one user program resident in RAM and up to 255
(depending on the program sizes) independent user programs residing
simultaneously in EPROM memory. Any of these programs are executable by all
three of the modes defined above.

The programs will run single-=-task mode only

Data types to be supported are:

o PLC-2- 12-Bit BCD, 16 bit binary, 4 digit PBCD, 6 digit BCD, 4 digit octal

o PLC-3- 3 digit signed BCD (counters, integers); 16-bit unsigned binary
(outputs, inputs, timers, binary); Y4 digit BCD
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2.5 Specifications
Isolation
o The Programming Port is isolated from the 1771-I/0 backplane. (+500V)

o The Peripheral Port is isolated from the 1771-I/0 backplane. (+500V)
o The Programming Port is isolated from the Peripheral Port. (+500V)
Communication Rates

o 300, 600, 1200, 2400, 4800, 9600, 1G6.2K bits

o Communication rates vs. distance

Communication Maximum Distance Allowed-Ft.
Rate-bps

RS-232-C RS-123 RS-422

300 50 4000 4000

600 50 3000 4000
1200 50 2500 4000

4800 50 800 uc00

9600 50 400 4000

19,200 50 200 4000

Wall Clock Accuracy

o Absolute: < + 5 min/month @ 25°C (adjustable to zero)
o Drift < + 50 ppm/°C

o Drift < + 50 ppm/year @ 25°C

Module location

o Any I/0 module slot of a 1771 I/0 chassis

Backplane Power Supply Load

o 1.5A

Ambient Temperature Rating

o Operational 0° to 60° (32o to 140°F)

o Storage -40° to 85° (-40° to 185°F)
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Relative Humidity Rating
o 5% to 95% (without condensation)

Keying (Top Backplane Connector). The rear panel keying is
between pins 8 and 10 and between pins 32 and 34.
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Chapter 23-Installing Your 1771-DB Module

3.1 Objectives

This chapter discusses installing your 1771-DB module into a 1771 I/0 rack. Tt
also provides information on connecting other serial devices to the
communication ports.

After reading this chapter you should be able to:

o Configure the module using the configuration plugs

o Insert the 1771-DR into a 1771 I/0 backplane

o Connect a T3/TW terminal to the 1771-DB

o Connect a 1770-SA/SB recorder

o Connect a 1770-HD printer

o Connect other RS-423-A/232C compatible devices

o Connect RS-U22 devices

o Understand module status indicators

o Install additional FEPROM's

3.2 Installation of the 1771-DB Module

WARNING: Disconnect and lockout all AC power from the controller and system
power supplies before installing modules to avoid injury to personnel and

damage to equipment.

Read this installation section completely before beginning work. Double check
all option selections and connections before you begin programming.

Pefore installing your BASIC module in the I/0C chassis you must:

1. Calculate the power requirements of all the modules in each chassis (section
3.2.1).

2. Determine the location of the module in the I/0 chassis (section 3.2.2).
3. Key the backplane connectors in the I/0 chassis (section 32.2.3).

4, Set the module configuration plugs. See the section titled "Configuration
Plugs" (section 3.2.4).
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3.2.1 Power Requirements

Your module receives its power through the 1771 I/0 chassis backplane from the
chassis power supply. It does not require any other external power supply to
function. When planning your system you must consider the power usage of all
modules in the I/0 chassis to prevent overloading the chassis backplane and/or
power supply. Fach 1771-DB requires 1.5 amps at +5V DC. Add this to the
requirements of all other modules in the I/0 chassis.

Caution: Do not insert or remove modules from the I1/0 chassis while system
power is on. Failure to observe this rule may result in damage to module
circuitry.

3.2.2 Module Location in the I/0 Chassis

Place your module in any I/0 slot of the I/C chassis except for the extreme
left slot. This slot is reserved for PC processors or adapter modules.
Do not put the 1771-DB in the same module group as a discrete high density

module.
3.2.3 Module Keying

Initially you can insert the 1771-DB into any I1/0 module slot in the I/0
chassis. However, once a slot has been designated for a module you must not
insert other types of modules into those slots. We strongly recommend that you
use the plastic keying bands shipped with each I/0 chassis, to key I/0 slots to
accept only one type of module. Your BASIC module is slotted in two places on
the rear edge of the board. The position of the keying bands on the backplane
connector must correspond to these slots to allow insertion of the module. Any
I/0 rack connector may be keyed to receive the module assembly. Snap the
keying bands onto the upper backplane connectors between these numbers printed
on the backplane (figure 3.1).

o between 8 and 10
o between 32 and 34

You may change the position of these bands if subsequent system design and
rewiring makes insertion of a different type of module necessary. Use needle-
nose pliers to insert or remove keying bands.

3.2.4 Configuration Plugs
Referring to Figure 3-2, there are four sets of configuration plugs which must

be set for proper operation of the 1771-DBR RASIC Module. Fach of the plugs is
shown with a short explanation of how to set them.
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3.2.5 Module Installation

Now that you have determined the configuration, power requirements, location,

keying and wiring for your 1771-DBR, you are ready to install it in the I1/0
chassis.

Step 1 =Turn off power to the I/O chassis.

Step 2 -Insert your module in the I/Q rack. Plastic tracks on the top and
bottom of the slots guide the module into position. Do not force the module
into its backplane connector. Apply firm, even pressure on the module to seat

it properly. Note the rack, module group and slot numbers and enter them in
the module address section of the block transfer instructions.

Step 3 - Snap the I/0 chassis latch over the module. This will secure the
module in place.

3.2.6 Tnitial Start-up Procedure
The following procedure must be used when powering up the 1771-DB module for

the first time. This procedure is a continuation of the installation procedure
presented above.

Step 4 -Connect your cable from your program terminal to the 1771-DR program
port.

Step 5 -Turn on your program terminal. Select the Alpha Numeric mode (if
required). Select the baud rate. Hit the return key.

Step 6 -Turn on power to the rack. The FLT LED and ACTIVE LED will turn on
momentarilly. The FLT LED will turn off and the ACTIVE LED will remain on.

Step 7 -Hit the space bar. You should see the sign on prompt and then >READY.
You are now ready to begin BASIC programming.

3.3 Using the 1771-DB Module's Programming and Peripheral Communication Ports
Figure 2.3 PROGRAM and PERIPHFERAL PORTS.

3.3.1 Connecting A T3/T4 Terminal to the Programming Port

An Industrial Terminal System can be used as the programming system for the
1771-DB module. The 1771-DB should be connected to CHANNEL B only. Cable can be
constructed for distances up to 50 feet. The pinout of CHANNEL R (figure 3.U4)
identifies the pins used. The cable is constructed as shown in (figure 3.4).
Note that pins 7,18,25 on the Industrial Terminal CRT Monitor end of the cable

must be wired together.

Additional information on the Industrial Terminal System can be found in
catalog No. 1770-805 Users Manual.
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3.3.2 Connecting A 1770-SA/SB Recorder to the Peripheral Port

The 1770-SB Data Cartridge Recorder or 1770-SA Digital Cassette Recorder can be
used to save and load programs to the 1771-DB module. The recorder must be
connected to the peripheral port of the 1771-DR. The cable pinout for this
cable is shown in (figure 3.5). Note that the standard cable will not interface
properly with the BASIC module. For additional information on the 1770-SB and
for information on the 1770-SA refer to Cat. No. 1770-6.5.4 and 1770-6.5.1
respectivelv, Familiarity with the 1770-SA/SP recorder is assumed.

Additional information on saving and loading programs can be found in Chapter U
of this manual.

3.3.3 connecting A 1770-HD Printer

A 1770-HD Printer can be connected to the peripheral port of the 1771-DR module
for program listing, report generation, etc. Cable connections for connection
to the 1771-DB peripheral port are diagrammed in (figure 3.6). Refer to the
1770-HD printer manual (Anadex DP-9725B Product Manual).

We reccommend enabling XON/XOFF on the peripheral port (see section 4,7.1) and
selecting XON/XOFF(DEC) protocal on the 1770-HD (switch selectable). Refer to
printer manual.

Additional information on printing reports and listing programs can be found in
Chapter 4 of this manual.

3.3.4 Connecting Other RS=423-A/232C Compatible Devices

There are many devices that can be connected to the 1771-DP modules peripheral
port. The only precaution is to make sure your particular peripheral device is
compatible with the peripheral port of the 1771-DR modules signal levels and
wiring connections.
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Figure 3.7 lists the port wiring connections for the 1771-DB peripheral port.
Consult your particular devices connection requirements for compatible
connection.

The following pin descriptions are provided:

Chassis/Shield (Pin 1)

This pin is used for shielding purposes. It is connected to the chassis ground.

TXD (Pin 2)

TXD is a RS=423A compatible serial output port.
RXD (Pin 3)
RXD is a RS-U23A compatible serial input data port.

RTS (Pin 4)

RTS is a RS8-423 compatible hardware handshaking output line. This line should
transition to a mark(1) state when the 1771-DB has data in the output queue
which it is requesting permission to send to the data communications equipment.

CTS (Pin 5)

CTS is a RS- 422A compatible hardware handshaking input line. This line must be
in a mark(1) state in order for the 1771-DB to be able to transmit out the
peripheral port. If no corresponding signal exists on the data communications
equipment, then CTS should be shorted to RTS. Tt does not matter whether RS-
423A or PS-U422 protocol is being used, this pin must be a mark(1) to transmit.

DSR (Pin 6)

DSR is a general purpose RS=U22A compatible input pin. The 1771-DB will
transmit a receive independent of the state of the line.

Signal common (Pins 7, 9, and 1C)

These are the signal common pins and should be used to reference all the RS-
423A/RS-U22 compatible signals.

DCD (Pin 8)

If DCD is enabled via CALL 30, the 1771-DE will not transmit or receive
characters until the DCD line is in the mark(1) state. When disabled, the 1771-
DB ignores the state of this line.

422 TDX (Pins 14, 25)

These two lines are the RS-422A compatible equivalent of the RS~U422A T¥D line.
These two lines are differential serial output lines.
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U22RXD (Pins 16,18)

These are the differential RS-422A compatible serial input lines.

DTR (Pin 20)

DTR is a RS-U423A compatible hardware handshaking output line. This line will
transition to a space(0) state when the 1771~DB input queue has accumulated
more than 223 characters. The DTR line will transition to a mark(1) state when
the input queue contains less than 127 characters.

3.3.5 Connecting RS-UU2 Devices

The 1771-DB module has the capability to communicate to various RS=U422 devices.
The RS-U422 signals to both send and receive data are located on the Peripheral
Port of the 1771-DBE. The correct signal connections are shown in Figure 3-7.
The RS-422 port is tri-stated when not sending characters and is capable of
being operated in a multi-dropped configuration. Tt is EIA standard RS-422-A
compatible.

When you are using the peripheral port as a 422 port, you must short pins U to
5 and 6 to 20 on the peripheral port.

Attention should be given to understanding your particular peripheral devices
connection requirements.

3.2.6 Cable Assembly Parts

You must supply cables for interfacing the devices to the program and
peripheral ports. You may construct the cables with the parts listed in figure
3. 8.

3.4 Module Status

There are five LEDs (figure 3.9) on the front panel of the 1771=DE which help
in diagnosing the status of the module. The green ACTIVE LED should activate
automatically upon power-up and should remain on to indicate power is being
applied. The green XMTG LED will activate when data is being transmitted from
the 1771-DB to a peripheral module via the Peripheral Port. The green RCVG LED
will activate when the 1771-DR is receiving data via the Peripheral Port. The
red FAULT LED will automatically light upon the application of power to the
1771-DB module. This is normal. After the 1771-DB has passed internal
diagnostics, the FAULT indicator should deactivate. TIf the FAULT indicator
persists, this means that the module did not pass its internal diagnostics and
should be replaced. The red PAT LOW LED will activate when the battery voltage
drops below about 3.0V dc.
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3.5 Installing the User Prom

The 1771-DB has a 32K byte EPROM installed (figure 3.1C) and is configured for
such., It is highly recommended that spare EPRCMs be purchased. Any JEDEC
standard 8K, 1€K, or 32K byte FPROM which uses 12.5Vdc programming voltage will
work, Some suggested devices are: INTEL D2764& (8K bytes), INTEL D27128A& (16K
bytes), AMD AM27256-25DC (32K bytes), AMD AM27256-25DC (32K bytes), HITACHI
HN27256-25(32K bytes), INTEL D27256-25(22K bytes), and INTEL D27256(32K bytes).

TO replace the EPROM:

1)turn the small screw (in the socket just above the chip,(figure 2.10) 1/4
turn counterclockwise

2)remove the old chip

3)insert the new chip with pin one down, center notch down as in the diagram on
the socket

L)turn the small screw (in the socket just above the chip) 1/4 turn clockwise

S5)Refer to section 3.2.4 for the proper setting of the corresponding

configuration plug
3.6 Battery Usage

The 12.5 K byte of user RAM and the clock/calendar are battery backed. The
drain on the battery should be less than 0.5mA dc during battery back-up (no
power) and less than 50 micro A while the 1771=DB is under power. For a
Tadiran lithium battery (Tadiran catalog #15-51-03-210-000), the battery 1life
under no power conditions is about 2000 hours. The batteries shelf life is
about 20,000 hours. If the 1771-DE loses power just as the BAT LOW indicator
was about to activate, then the above mentioned battery should maintain the
1771-DB clock and priogram data for about three days.

To replace the battery (figure 3.11):

1)place a screwdriver edge in the battery cover slot

2)press inwards slightly

3)rotate the screwdriver and battery cover counterclockwise 1/4 turn
4)release the pressure - the battery cover should come off

5)replace the battery noting the + (positive) side of the battery should be out

6)replace the battery cover

The BRAT LOW indicator should go out.
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Figure 3-1
Keying Diagram for Placement of Module Keying Bands
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8K or 16K byte
(center + right pins)

32K byte
(left + center pins)

Peripheral Port
Baud Rate (bps)

19.2K
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1200

~— 600
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422 Receiver
Type

Factory /

Configured 1200 terminated

422 receiver
(top/center pins)

" SSR15
WADE 18 1 S A

Unterminated
422 receiver
(center/bottom
pins)

Figure 3-2
Configuration Plugs
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PROGRAMMING PORT NAME T3/T4 CHANNEL B NAME

(MALE) (MALE)
i CHASSIS/SHIELD ~-~ccccewae- i GROUND
2  memeemmee—ee TXD-0UTPUT ——e-meemcee-o 3 RXD
3 memmeeeeme—ee RXD=INPUT = =eeccccccnaa- 2 TXD
7 emeeseeceeee- SIGNAL COMMON --—-weeecaeoo 7 COMMON
=
25
NOTE?! CHASSIS SHIELD SHOULD NOTE: PINS 7y 18y 25
BE CONNECTED ONLY AT SHOULD BE JUMPER
THE TERMINAL END WIRED TOGETHER
Figure 3.4

Cable Connections to T3/T4 Terminal from the Program Port



PERIPHERAL PORT NAME 1770-SA/SB PORT

(MALE) (MALE)
1 =emeemmeeee CHASSIS/SHIELD ==---ceee-—- b
2  memmemmmeeeo TXD-0UTPUT =  ==eeeeee—oao 2
3 memmeeemmeeeo RXD-INPUT = =  =ececcecoc-ao 3
4 mmeemmemeeee RTS-OUTPUT =  —cmcccceeaa- 4
S  meemmmmmeeee CTS-INPUT = =  ccccocee—aao 5
6 mmeeememmeeeo DSR-INPUT = =  —eeeeceeoa-- 6
7 mememeeemmeee SIGNAL COMMON  -=cc-ecceeea- 7
8 eeeeemmeeee- DCD-INPUT wecceecccoo- 8
20 =-seececmee. DTR-OUTPUT = e 20
Figure 3.5

Cable Connections to 17 70-SA/SB from the Peripheral Port

NAME

SHIELD



PERIPHERAL PORT NAME PRINTER PORT (J2) NAME

1 —mmmmmee—e-- CHASSIS/SHIELD --------- -—-1 GROUND
2  eeeemem—e-e- TXD-OUTPUT ~  =======---== 3 RD
J memmececm—e- RXD=-INPUT =we=m—cecc—o==-= 2 TD
7 memmeemmeee- SIGNAL COMMON  ======--=--== 7 COMMON
4
s _J
NOTE: Pins 4 and 5, and pins 6 and 20
6 should be jumper wired together.
20

Figure 3.6
Cable Connection to 17 70-HD from the Peripheral Port



PERIPHERAL PORT CIRCUIT NAME
(MALE)

1 CHASSIS/SHIELD
2 TXD=-0UTPUT

3 RXD-INPUT

4 RTS-0UTPUT

5 CTS=-INPUT

é DSR=-INPUT

7 SIGNAL COMMON
8 DCD-INPUT

? SIGNAL COMMON
10 SIGNAL COMMON
11 NC

12 NC

13 NC

14 RS-422 TXD

15 NC

16 RS-422 RXD

17 NC

i8 RS-422-RXD"’
19 NC

20 DTR=-0UTPUT

21 NC

22 NC

23 NC

24 NC

25 R8-422 TXD’

¥NC = No Connection

Figure 3.7
Peripheral Port Wiring Connections



PART
25 Pin Female Connector
25 Pin Male Connector
Plastic Hood
2 Tuisted rpair 22 sauder

individually shielded
cable

Figure 3.8
Cable Parts

MANUFACTURERS PART NO.
Cannon Twpe DB-25S» or eauiv.
Cannon Twpe DB-25Ps or eauiv.
Amp Ture 205718-1

Cat. No. 1778-CR Belden 6723
or eauive.



ACTIVE
XMTG
RCVG
FAULT

BATLOW

Figure 3-9
Module Status Indicators



Ziff Socket
Locking Screw

User PROM -

\Pin1

Figure 3-10
User PROM



t
c
@
£
c
=)

<
>
S
3]

=
©

[ra]

3-11

Figure

Battery Holder



Chapter 4 Operating Functions

4,1 Cbjectives

After reading this chapter you should be familiar with the 1771-DP's BASIC
instruction set and be ready to begin BASIC programming. It will be necessary
to refer to this chapter often in order to program the 1771-DB. It will be
your reference chapter for future programming problems. This chapter is not
intended to be a BEASIC programming tutorial. It is assumed that the user is

familiar with BASIC programming.

4,1,1 Definition of Terms

Commands:

The BASIC module operates in two modes, the command or direct mode and the
interpreter or run mode. You can only enter commands when the processor is in
the command or direct mode. This document will use the terms run mode and

command mode to refer to the two different operation modes.

Statements:

A BASIC program is comprised of statements. Every statement begins with a line
number, followed by a statement body, and terminated with a carriage return
(cr), or a colon (:) in the case of multiple statements per line.

There are three types of statements: assignments, input/output, and control.
o Every line in a program must have a statement line number ranging between 0
and 65535 inclusive which is used by BASIC to order the program statements

in sequence,

o A statement number can be used only once in any programn.

o You need not enter statements in numerical order because BASIC automatically
orders them in ascending order.

o A statement may contain no more than 72 characters.

o Blanks (spaces) are ignored by BASIC which automatically inserts blanks
during List.

o You may put more than one statement on a line, if separated by a colon (:),
but only one statement number is allowed per line.

Format Statements:

Format statements may be used within the print statement. The format
statements include TAB([exprl), SPC([expr]), USING(special symbols),
and CR (carriage return with no line feed).
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Data Format:

The range of numbers that can be represented in the BASIC module is:

+1E-127 to +.99999999E+127

There are eight significant digits. Numbers are internally rounded to fit this
precision. You may enter and display numbers in four formats: integer,
decimal, hexadecimal, and exponential.

Example: 129, 34.98, OAGEH, 1.23U56E+3

Integers:

In the 1771-DB module, integers are numbers that range from 0 to 65535 or
OFFFFH. All integers can be entered in either decimal or hexadecimal format. A
hexadecimal number is indicated by placing the character "H" after the number
(e.g., 170H). If the hexadecimal number begins with A-F, then it must be
preceded by a zero (i.e. A567H should be entered as O0A567H). When an operator,
such as .AND, requires an integer, the BASIC module truncates the fraction
portion of the number so it will fit the integer format. This document will
refer to integers and line numbers, respectively, in the following manner:

[integer] == [1n num]

Constants:

A constant is a real number that ranges from +1E127 to +.99999999E + 127. A
constant can be an integer. This document will refer to constants in the
following manner:

[const]
Cperators:

An operator performs a predefined operation on variables and/or constants.
Operators require either one or two operands. Typical two operand or dyadic
operators include ADD (+), SUBTRACT (-),

MULTIPLY (*), and DIVIDE (/). Cperators that require only one operand are

often referred to as unary operators. Some typical unary operators are SIN,
C0S, and ABS.

Variables:

A variable can be either a letter, (i.e. &, X, I), a letter followed by a one
dimensioned expression, (i.e. J(U4), G(A + €), I(10¥SIN(X)), or a letter
followed by a number followed by a one dimensioned expression i.e., A1(8),
P7(10%¥SIN(X)), W8(A + B). Variables that include a one dimensioned expression
[expr] are often referred to as dimensioned or arrayed variables. Variables
that only involve a letter or a letter and a number are called scaler
variables. This document will refer to variables as:

[var].
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The PASIC module allocates variables in a "statie" manner ., That means each
time a variable is used, BASIC allocates a portion of RAM memory (& bytes)
specifically for that variable. This memory cannot be de-allocated on a
variable to variable basis.That means that if you execute a statement like Q =
3, later on you cannot tell BASIC that the variable Q no longer exists, so
"free up" the 8 bytes of memory that belong to Q. The only way you can clear
the memory that is allocated to variables is to execute a clear statement. The
clear statement "frees" all memory allocated to variables.

Note: Relative to a dimensioned variable, it takes the BASIC interpreter a lot
less time to find a scalar variable because there is no expression to evaluate
in a scalar variable. So, if you want to make a program run as fast as
possible, use dimensioned variables only when you have to. Use scalars for
intermediate variables, then assign the final result to a dimensioned variable.

Expressions:

An expression is a logical mathematical expression that involves operators
(both unary and dyadic), constants, and variables. Expressions can be simple
or complex, i.e. 12*EXP(A)/100, H(1) + 55, or (SIN(A)®*SIN(A)+COS(A)¥COS(A))/2.
A "stand alone" variable [var] or constant [const] is also considered an
expression. This document will refer to expressions as:

[expr].
Relational Expressions:

Relational expressions involve the operators EQUAL(=z), NOT EQUAL(<>), GREATER
THAN(>), LESS THAN(<), GREATER THAN OR EQUAL TO(>=), and LESS THAN CR EQUAL TO
(<=). You use them in control statements to test a condition (i.e. IF A < 100
THEN....). Relational expressions always require two operands. We will refer
to relational expressions as:

[rel expr].
System Control Values:
The system control values include the following: LEN (which returns the length
of your program) and MTOP (which is the last RAM memory location that is

assigned to BASIC). See section 4.5.2 for further discussion of system control
values,
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Argument Stack:

The argument stack is used to transfer values between BASIC and the CALL's.
Values sent to the CALLed routine are PUSHed before the CALL, and values
returned to BASIC from the CALL are PCPed after the CALL. Each number placed
on the argument stack requires 6 bytes of storage. Therefore, only 34 values
may be stored on the argument stack without an overflow error. Special care
should be exercised in PUSHing and POPing the correct number of values onto
and off of the argument stack to prevent an overflow. The CLEARS command
resets the stack to its initialization value.

4,2. Description of Commands
4,2.1 Command: RUN(cr)
Action Taken:

After you type RUN(er), all variables are set equal to zero, all

BASIC evoked interrupts are cleared and program execution begins with
the first line number of the selected program. The RUN command and the
GOTO statement are the only way you can place the 1771-DR

interpreter into the RUN mode from the CCMMAND mode. Program execution
may be terminated at any time by typing a control-C on the console
device.,

Variations:

Unlike some Basic interpreters that allow a line number to follow
the RUN command (i.e. RUN 100), The 1771=DE does not permit such a
variation on the RUN command. Execution always begins with the first
line number. To obtain the same functionality as the RUN[1n num]
command, use the GCTO[1ln num] statement in the direct mode. See
statement GOTO.

Example:

>10 FOR I=1 TO 3
>20 PRINT I

>30 NEXT I

>RUN

1
2
3

READY
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4,2.2 Command: CONT(cr)

Action Taken:

If you stop a program by typing a control-C on the console device

or by execution of a STOP statement, you can resume execution of the
program by typing CONT(cr). Between the stopping and the restarting of
the program you may display the values of variables or change the values
of variables. However, you may not CCNTinue if the program is modified
during the STOP or after an error.

Variations:
None.

Example:

>10 FOR I=1 TO 10000
>20 PRINT I

>30 NEXT I

>RUN

1
2
3
4
5 - (TYPE CONTROL-C ON CONSOLE)

STCP - IN LINE 20

READY
>PRINT I
6

>I=10
>CONT
10

11
12
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4,2.3 Command: LIST(ecr)

Action taken:

The LIST(er) command prints the program to the console device. Note that the
list command "formats" the program in an easy to read manner. Spaces are
inserted after the line number and before and after statements. This feature
is designed to aid in the debugging of 1771-DB programs, The "listing” of a
program may be terminated at anytime by typing a control-C on the console
device. The listing may be interrupted and continued using control S and
control Q.

Variations:
Two variations of the LIST command are possible with the 1771-DBE.
They are:

LIST [1n num] (ecr) and

LIST [1n num] = [1n num] (er)

The first variation causes the program to be printed from the
designated line number (integer) to the end of the program. The second
variation causes the program to be printed from the first line number
(integer) to the second line number (integer). NOTE - the two line
numbers must be separated by a dash -.

Example:

READY
>LIST

10 PRINT "LOOP PROGRAM"
20 FOR I=1 TO 3

30 PRINT I

4O NEXT I

50 END

READY

>LIST 30

30 PRINT I
4C NEXT I
50 END

READY

>LIST 20-40

20 FOR I=1 TO 3
30 -PRINT I
40 NEXT I
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b,2.4 Command: LIST#(cr)

Action taken:

The LIST#(cr) command lists the program to the device attached to the
peripheral port (LIST device). All comments that apply to the LIST command
apply to the LIST# command.The LIST#(cr) command is included to permit you to
make "hardcopies" of a program. The baud rate is set by a configuration plug
and must match your list device (see section 3.2.4)., Also, the peripheral port

parameters must be configured to match your particular list device (see
section 4.7.1).

4,2.5 Command: NEW(er)

Action taken:

When you enter NEW(er), the 1771-DB deletes the program that is
currently stored in RAM memory. In addition, all variables are set equal
to ZERC, all strings and all BASIC evoked interrupts are cleared. The
REAL TIME CLOCK, string allocation, and the internal stack pointer value
are not affected. In general, NEW (cr) is used simply to

erase a program and all variables.

4,2.6 Command: NULL [integer](ecr)

Action taken:

The NULL[integer] (cr) command determines how many NULL characters

(O0H) The 1771-DB will output after a carriage return. After
initialization NULL = 0. The NULL command was more important back in the
days when a "pure" mechanical printer was the most common I/0 device,
Most modern printers contain some kind of RAM buffer that virtually
eliminates the need to output NULL characters after a carriage return.

Variations:
None.

4,2.7 Command: Control C

This command will stop the execution of the current program and return the
1771-DB to the CCMMAND mode. The operation of control C can also be disabled

for those situations where program operation must not be aborted (see section
g.2).

4,2.8 Command: Control S

This command will interrupt the BASIC program from scrolling during the
execution of a LIST command.
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4,2.9 Command: Control Q
This command restarts a LIST command that has been interrupted by a Control 8.
4,2.10 Cverview of EPROM File Commands

One of the unique and powerful features of the 1771-DB is that it has
the ability to execute and SAVE programs in an EPROM. The 1771-DP
actually generates all of the timing signals needed to program most
EPROM devices.

The 1771-DB can save more than one program in an EPROM. In fact, it can

save as many programs as the size of the EPROM memory permits (up to 255). The
programs are stored sequentially in the EPRCM and any program can be

retrieved and executed. This sequential storing of programs is referred

to as the EPROM FILE. The following commands permit you to generate

and manipulate the EPROM FILE,

4.2.11 Commands: RAM(cr) and ROM [integer] (cr)
Action taken:

These two commands tell the the 1771-DR interpreter whether to select
the current program out of RAM or EPRCM. The current program is the one that
will be displayed during a LIST command and executed when RUN is typed.

RAM

When you enter RAM(cr), the 1771-DB selects the current program from
RAM MEMORY. The following formula is used to calculate the available user RAM
space:

LEN system control value which contains current RAM program length

# bytes allocated for strings (first value in the STRING instruction)

6 * (each array size +1). (The asterisk means multiply).

8 ¥ each variable used (including each array name)

+ 511

Available user RAM = MTOP - V
ROM

When you enter ROM [integer] (er), the 1771-DB selects the currentprogram out
of EPROM memory. If no integer is typed after the ROMcommand (i.e. ROM (cr))
the 1771-DB defaults to ROM 1., The programs are stored sequentially in EPROM,
The integer following the ROM command selects that program. If you attempt to
select a program that does not exist (i.e. you type in RCM 8 and only €
programs are stored in the EPROM) the message ERRCR: PROM MODE will be

displayed.
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The 1771-DB does not transfer the program from EPROM to RAM when the
ROM mode is selected. So, you cannot EDIT a program in the ROM mode. If
you attempt to edit a program in the ROM mode, by typing in a line
number, the message ERROR: PROM MODE will be displayed. The following
command to be described, XFER, permits one to transfer a program from
EPRCM to RAM for editing purposes. The previous RAM content is lost,

Since the ROM command does NOT transfer a program to RAM, it is possible
to have different programs in RCM and RAM simultaneously. You can

"flip" back and fourth between the two modes at any time. Another added
benefit of not transferring a program to RAM is that all of the RAM
memory can be used for variable storage if the program is stored in
EPRCM. The system control value - MTOP always refers to RAM not EPROM,

and the system control value, LEN, refers to the currently selected program,
whether it resides in RAM or ROM.

Variations: None.
4,2.12 Command: XFER(er)
Action taken:

The XFER (transfer) command transfers the current selected program in

EPROM to RAM and then selects the RAM mode. If you type XFER while the
1771-DB is in the RAM mode, the program stored in RAM is transferred

back into RAM and the RAM mode is selected. The net result is that

nothing happens except that a few milliseconds of CPU time is used to

do a wasted move. After the XFER command is executed, you may edit

the program in the same manner any RAM program may be edited. Any program that

exists in RAM prior to executing the XFER command, will be cleared by the XFER
command .

Variations: None.
4,2,13 Command: PROG(cr)

Action taken:

Note: Before you attempt to program a PROM, read the PROG, PROG1, and PROG2
sections of this chapter thoroughly.

The PROG command programs the resident EPROM with the current selected
program. The current selected program may reside in either RAM or EPROM. See
section 3.5 for additional information concerning EPROM's,
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After you type PRCG(er), the 1771-DBR displays the number in the EPROM FILE the
program will occupy. Depending upon the length of your program, you may have
to wait from several seconds to 30 or 40 seconds for programming to complete.

NOTE: You must disable interrupts prior to the PROG, PROG1, or PROG?2 via CALL
€ and enable interrupts after the PROM is burned via CALL 9.

Example: >LIST

10 FOR I=1 TO 10

20 PRINT T

30 NEXT I

READY

>CALL 8 :REM DISABLE INTERRUPTS
>PROG

12

READY

SROM 12

READY

>CALL G :REM ENABLE INTERRUPTS
>LIST

10 FCR I=1 TC 10

20 PRINT I

30 NEXT I

READY

>

In this example, the program just placed in the EPROM is the 12th program
stored.

Variations: None.

The following program will print out the available PROM space. Enter this
program exactly as shown:

10 V=8011H

30 IF XBY(V)=1 THEN 50 ELSE V=V+XBY(V)

4o GOTO 30 '

50 IF XBY(V+1)=55H THEN V=V+2:GOTC 30

€0 INPUT "ENTER PROM SIZE 8,16,32K",K

70 K=(K*1024)+8000 H

80 L=K=V

90 PRINT "IF THE LENGTH OF THE PROGRAM TO BE BURMED IS LESS THAN",L
100 PRINT "THERE IS SUFFICIENT SPACE."

110 END

Important: If the PRCM space available is is exceeded, the PROM will no longer
be able to be programmed unless it is erased. Also, in some cases the.
previously stored programs may be altered. Be sure to use the above listed

program to determine memory space prior to burning.
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4.,2.14 Commands: PROG1(cr) and PROG2(er)

Action taken:

PROG1

Normally, after power is applied to the 1771=DB device, you

must type a "space" character to initialize the 1771-DB's serial port.

As a convenience, the 1771-DB contains a PROG1 command. What this

command does is program the resident EPROM with the baud rate information.

So, the next time the 1771-DB device is "powered up" the module will read this
information and initialize the program port with the stored baud rate. The
"sign-on" message will be sent to the console immediately after the 1771-DE
device completes it's reset sequence. The '"space" character no longer needs to
be typed. Of course, if the baud rate on the console device is changed a new
EPROM must be programmed to make the 1771-DB compatible with the new console.

PROG2

The PROG2 command does everything the PRCG1 command does, but instead of
"signing-on" and entering the command mode, the 1771-DB device

immediately begins executing the first program stored in the resident

EPROM. However, if a PROG1 instruction has already been used, then the PROG2

instruction cannot be used.

Py using the PROG2 command it is possible to RUN a program on power up and
never connect the 1771-DB module to a console. In essence, saving PROG2

information is equivalent to typing a ROM 1, RUN command sequence. This is
ideal for control applications, where it is not always possible to have a

terminal present. In addition, this feature permits you to write a special
jnitialization sequence in BASIC and generate a custom "sign-on" message for
specific applications.

4,3 - Description of Statements

4,3.1 - Statement: CALL [integer]

Mode: COMMAND AND/OR RUN

Type: CCNTROL

You use the CALL [integer] STATEMENT to call specially written 1771-=DE
application programs. Specific call numbers are defined later in this
chapter.

Variations:

None.
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4,3.2 Statement: CLEAR
Mode: CCMMAND AND/OR RUN
Type: CONTROL

The CLEAR statement sets all variables equal to 0 and resets all

BASIC evoked interrupts and stacks. This means that after the CLEAR

statement is executed an ONTIME statement must be executed before the 1771-DR
will acknowledge the internal timer interrupts. ERRCR trapping via the ONERR
statement will also not occur until an ONERR[integer] statement is executed.
The CLEAR statement does not affect the real time clock that is enabled by the
CLOCK1 statement. CLFAR also does not reset the memory that has been allocated
for strings, so it is not necessary to enter the string [expr], [expr]
statement to re-allocate memory for strings after the CLEAR statement is
executed. In general, CLEAR is simply used to "erase"™ all variables.

Variations:

None.
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4.3.3 Statement: CLEARI (clear interrupts)
Mode: COMMAND AND/OR RUN
Type: CCNTROL

CLEARI

The CLEARI statement clears all of the BASIC evoked interrupts. Specifically,
the ONTIME interrupt is DISABLED after the CLEARI statement is executed. The
real time clock which is enabled by the CLOCK1 statement is not affected by
CLEARI. You can use this statement to selectively DISABLE interrupts during
specific sections of your BASIC program. The CONTIME statement must be executed
again before the specific interrupts will be enabled.

NOTE: When the CLEARI statement is LISTED it will
appear as CLEAR I.

4.2.4 Statements: CLOCK1 and CLOCKO
Mode: CCMMAND AND/OR RUN

Type: CONTRCL

CLOCK1

The CLOCK1 statement enables the real time clock feature resident on the

the 1771-DB device. The special function operator TIME is incremented

once every 5 milliseconds after the CLOCK1 statement has been executed.

The CLOCK1 STATEMENT uses TIMER/COUNTER 0 in the 13-bit mode to generate

an interrupt once every 5 milliseconds. Because of this, the special

function operator TIME has a resolution of 5 milliseconds. The crystal value
is 11.0592 MHz.The special function operator TIME counts from 0 to 65535.995
seconds. After reaching a count of 65535.995 seconds TIME overflows back to a
count of zero. The interrupts associated with the CLOCK1 statement cause the
1771-DB programs to run at about 99.6% of normal speed. That means that the
interrupt handling for the REAL TIME CLOCK feature only consumes about .47 of
the total CPU time.

CLOCKO

The CLOCKO (zero) statement disables or nturns off" the real time clock
feature. After CLOCKO is executed, the special function operator

TIME will no longer increment. The CLOCKO statement also returns control

of the interrupts associated with TIMER/COUNTER 0 back to the user. CLOCKO is
the only 1771-DB statement that can disable the real time clock.

CLEAR and CLEARI will NOT disable the real time clock.

Variations:
None

Note: CLOCK1 and CLOCKO are independent of the wall clock.
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4.3.5 Statements: DATA - READ - RESTCRE
Mode: RUN

Type: Assignment

DATA

DATA specifies expressions that may be retrieved by a READ statement.
If multiple expressions per line are used, they MUST be separated by a
comma.

READ

READ retrieves the expressions that are specified in the DATA statement
and assigns the value of the expression to the variable in the READ
statement. The READ statement must always be followed by one or more
variables. If more than one variable follows a READ statement, they must
be separated by a comma.

RESTORE

RESTORE "resets" the internal read pointer back to the beginning of the
data so that it may be read again.

Example:

>10 FOR I=1 TOC 3

>20 READ A,B

>30 PRINT A,B

>40 NEXT I

>50 RESTORE

>60 READ A,B

>70 PRINT A,EB

>30 DATA 10,20,10/2,20/2,SIN(PI),COS(PI)

>RUN
10 20
5 10
0 -1

10 20
Variations:

None
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Explanation of previous example:

Every time a READ statement is encountered the next consecutive
expression in the DATA statement is evaluated and assigned to the
variable in the READ statement. DATA statements may be placed anywhere
within a program, they will not be executed nor will they cause an
error. DATA statements are considered to be chained together and appear
to be one big DATA statement. If at anytime all the data has been read
and another READ statement is executed then the program is terminated
and the message ERROR: NO DATA - IN LINE XX is printed to the console
device,

4,3,6 - Statement: DIM
Mode: COMMAND AND/OR RUN-
Type: Assignment

DIM reserves storage for matrices. The storage area is first assumed to
be zero. Matrices in the 1771-DBR may have only one dimension and the
size of the dimensioned array may not exceed 254 elements. Cnce a
variable is dimensioned in a program it may not be re-dimensioned. An
attempt to re-dimension an array will cause an ARRAY SIZE ERROR. If an
arrayed variable is used that has not been dimensioned by the DIM
statement, BASTC will assign a default value of 10 to the array size.
A1l arrays are set equal to zero when the RUM command, NEW command, or
the CLEAR statement is executed. The number of bytes allocated for an
array is 6 times the ( array size plus 1. So, the array A(100) would

require 606 bytes of storage. Memory size usually limits the size of a
dimensioned array.

Variations:

More than one variable can be dimensioned by a single DIM statement.
i.e. DIM A(10), B(15), A1(20).

Example: Default error on attempt to re-dimension array.

>10 A(5)=10 - BASIC ASSIGNS DEFAULT CF 10 TO ARRAY SIZE HERE
>20 DIM A(5) — BRRAY CANNOT BE RE-DIMENSIONED
>RUN

~

ERROR: ARRAY SIZE - IN LINE 20

20 DIM A(5)
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4,3.7 Statements: DO - UNTIL [rel expr]

Mode: RUN
Type: CONTROL

The DO - UNTIL [rel expr] instruction provides a means of "loop control"
within a 1771-DB program. All statements between the DO and the UNTIL
[rel expr] will be executed until the relational expression following
the UNTIL statement is TRUE. DO - UNTIL loops may be nested.

Examples:
SIMPLE DO-UNTIL NESTED DO-UNTIL
>1C A=0 >10 DO
>20 DO >20 A=A+1
>30 A=A+1 >20 DO
>40 PRINT A >UQ0 B=B+1
>50 UNTIL A=Y >50 PRINT A,B,A¥B
>60 PRINT "DONE" >60 UNTIL B=3
>T70 END >70 B=C
>RUN >80 UNTIL A=3
>90 END
17 1 1
1 1 2 2
2 1 3 3
3 e 1 2
4 2 2 4
DONE 2 2 6
3 1 3
READY 3 2 €
> 3 3 ¢
READY
>
Variations:
None
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4,3.8 Statements: DO - WHILE [rel expr]

Mode: RUN
Type: CONTROL

The DC - WHILE [rel expr]
within a 1771-DB program.
the DO - UNTIL [rel expr])
the WHILE [rel expr] will

instruction provides a means of "loop control"
This operation of this statement is similar to
except that all statements between the DO and
be executed as long as the relational

expression following the WHILE statement is true. DO - WHILE and DO -
UNTIL statements can be nested.

Examples:
SIMPLE DC-WHILE

>10 DO

>20 A=A+1

>30 PRINT A

>40 WHILE A<4
>50 PRINT "DCNE"
>60 END

>RUN

EWND =

DONE

READY

Variations:

None

rage HeiT

NESTED DC-WHILE - DO-UNTIL

>10 DO

>20 A=A+1

>20 B=PB+1

>U0 PRINT A,B,A*B
>50 WHILE B<>3
>6C B=0

>70 UNTIL A=3

>80 END

WW WM NN = =
W W =W =
OWONR WO ENDWND =

READY



4,3.9 Statement: END

Mode: RUN

Type: CONTROL

The END statement terminates program execution. The continue command,
CONT will not operate if the END statement is used to terminate
execution (i.e. a CAN'T CONTINUE ERROR will be printed to the console).
The last statement in a 1771-DB program will automatically terminate

program execution if no END statement is used. As a good programming practice,
an END statement should always be used to terminate a program.

Examples:
LAST STATEMENT TERMINATION END STATEMENT TERMINATION
>10 FOR I=1 TC 4 >10 FCR I=1 TO 4
>20 PRINT I >20 GOSUB 100
>30 NEXT I >30 NEXT I
>UC END >40 END
>RUN >100 PRINT T
1 >110 RETURN
2 >RUN
3
L 1
2
READY 3
> 4
READY
>
Variations:
None
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4,3,10 Statements: FOR - TO - (STEP) = NEXT
Mode: RUN

Type: CONTROL

The FOR - TO - (STEP) - NEXT statements are used to set up and control
loops.

Example: 5 B=0 : C
10 FOR A=B
20 PRINT A
30 NEXT A
40 END

Since B=0, C=10, and D=2, the PRINT statement at line 20 will be executed
6 times. The values of "A" that will be printed are 0, 2, 4, 6, &, 10.

"A" represents the name of the index or loop counter. The value of "R"

is the starting value of the index, the value of "C" is the 1limit value
of the index, and the value of "D" is the increment to the index. If the
STEP statement and the value "D" are omitted, the increment value
defaults to 1, therefore, STEP is an optional statement. The NEXT
statement causes the value of "D" to be added to the index. The index is
then compared to the value of "C", the limit. If the index is less than
or equal to the limit, control will be transferred back to the statement
after the FOR statement. Stepping "backwards" (i.e., FOR I =100 TC 1
STEP-1) is permitted in the 1771-DB. The index may not be omitted from
the NEXT statement in the 1771-DB (e.g., The NEXT statement must always
be followed by the appropriate variable). FOR-NEXT loops may be nested up to 9

times.

Examples:
>10 FOR I=1 TO 4 >10 FOR I=0 TO & STEP 2
>20 PRINT I, >20 PRINT I
>30 NEXT I >30 NEXT I
>U0 END >U40 END
>RUN >RUN
1234 0
2
Yy
6
8
READY
> READY
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4,3.11 Statements: GOSUB[1n num] - RETURN
Mode: RUN
Type: CONTROL

GOSUB

The GOSUB [1ln num] statement will cause the 1771-DB to transfer control
of the program directly to the line number ([1n num]) following the
GOSUE statement. In addition, the GOSUB statement saves the location of
the statement following GOSUB on the control stack so that a RETURN
statement can be performed to return control.

RETURN

This statement is used to "return" control back to the statement
following the most recently executed GOSUB STATEMENT. The GOSUB-RETURN
sequence can be "nested" meaning that a subroutine called by the GOSUR
statement can call another subroutine with another GOSUPR statement.

Examples:
SIMPLE SUBRCUTINE NESTED SUBRQUTINES
>10 FOR I=1 TC 5 >10 FOR I=1 TO 2
>20 GOSUE 100 >20 GOSUB 100
>30 NEXT I >30 NEXT I
>0 END >U40 END
>100 PRINT I >110 GOSUR 200
>110 RETURN >120 RETURN
>100 PRINT I, >200 PRINT I*I
>RUN >210 RETURN
1
2
3 >RUN
Y
5 11
2 4
READY 39
>
READY
>
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4.3,12 Statement: GOTO [1n num]
Mode: COMMAND AND/CR RUN
Type: CONTROL

The GOTC [1n num] statement will cause BASIC to transfer control
directly to the line number ([1ln num]) following the GOTC statement.

Example:
50 GOTO 100

Will, if line 100 exist, cause execution of the program to resume at
1ine 100. If line number 100 does not exist the message ERROR: INVALID
LINE NUMBER will be printed to the console device.

Unlike the RUN command the GOTO statement, if executed in the COMMAND
mode, does not clear the variable storage space or interrupts. However,
if the GOTO statement is executed in the CCMMAND mode after a 1line has
been edited, the 1771-DB will clear the variable storage space and all
BASIC evoked interrupts. This is a necessity because the variable
storage and the PBASIC program reside in the same RAM memory. So editing
a program can destroy variables.

NOTE - Because of the way the 1771-DE's text interpreter processes a
line, when an INVALID LINE NUMBER ERROR occurs on the GOTO, GOSUE, ON
GCTO, and ON GOSUB statements the line after the GOTO or GOSUR statement
will be printed out in the error message.

Example:
>10 GOTO 100
>20 PRINT X
>RUN

ERROR: INVALID LINE NUMBER - IN LINE 20

20 PRINT X
X
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4.3.13 Statements: ON [expr] GOTO[1n num], [1n numl,...[1n num]
ON [expr] GOSUB[1n num], [1n num),...[1ln num]
Mode: RUN

Type: CONTROL

The value of the expression following the ON statement is the number in
the line list that control will be transferred to.

Example: 10 ON Q@ GOTO 100,200,300

If Q was equal to 0, control would be transferred to line number 10C.

If Q was equal to 1, control would be transferred to line number 200.

If Q was equal to 2, GOTC line 300, etc. All comments that apply to GOTO
and GOSUP apply to the ON statement. If C is less than ZERO a BAD
ARGUMENT ERROR will be generated. If Q is greater than the line number
list following the GOTO or GOSUB statement, a BAD SYNTAX ERROR will be
generated. The CN statement provides "conditional branching" options
within the constructs of a 1771-DB program.

4,2,14 Statements: IF - THEN - ELSE
Mode: RUN

Type: CONTROL

The IF statement sets up a conditional test. The generalized form of the
IF - THEN - ELSE statement is as follows:

[1n num] IF [rel expr] THEN valid statement ELSE valid statement

A specific example is as follows:

>10 IF A=100 THEN A=0 ELSE A=zA+1

Upon execution of line 10 IF A is equal to 100, THEN A would be assigned
a value of 0. IF A does not equal 100, A would be assigned a value of
A+1, If it is desired to transfer control to different line numbers
using the IF statement, The GOTO statement may be omitted. The following
examples would yield the same results:

>20 IF INT(A)< 10 THEN GOTO 100 ELSE GOTO 200 and
>20 IF INT(A)< 10 THEN 100 ELSE 200

Additionally, the THEN statement can be replaced by any valid 1771=DBE
statement, as shown below:

>30 IF A<>10 THEN PRINT A ELSE 10

>30 IF A<>10 PRINT A ELSE 10
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Multiple statements may be executed following the WTHEN" or "FLSE" provided
that colons are used to separate them.

Example:
>30 If A<>10 THEN PRINT A:GOTC 150 ELSE 10
>30 IF A<>10 PRINT A:,GCTC 15C ELSE 10

In these examples, if A does not equal 1C then both PRINT A and GOTO 150 would
be executed. If A=10, then control will pass to 10.

The ELSE statement may be omitted. If it is control will pass to the
next statement.

Example:
>20 IF A=10 THEN 40

>30 PRINT A

In this example, if A equals 10 then control would be passed to line
number 40. If A does not equal 10 line number 30 would be executed.

4,3,15 Statements: INPUT
Mode: RUN
Type: INPUT/OUTPUT

The INPUT statement allows users to enter data from the console during
program execution. One or more variables may be assigned data with a
single input statement. The variables must be separated by a comma.

Example: INPUT A,P

Would cause the printing of a question mark (?) on the console device as
a prompt to the operator to input two numbers separated by a comma. If
the operator does not enter enough data, then the 1771-DB responds by
outputting the message TRY AGAIN to the console device.

Fxample:
>10 INPUT A,B

>20 PRINT A,B
>RUN

21

TRY AGAIN
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The INPUT statement may be written so that a descriptive prompt is
printed to tell the user what to type. The message to be printed is
placed in quotes after the INPUT statement. If a comma appears before
the first variable on the input list, the question mark prompt character
will not be displayed.

Examples: >10 INPUT"ENTER A NUMBER"A >710 INPUT"ENTER A NUMBER=",A

>20 PRINT SQR(A) >20 PRINT SQR(A)
>30 END >30 END
>RUN >RUN
ENTER A NUMBER ENTER A NUMBER-1CO0
?100 10

10

Strings can also be assigned with an INPUT statement. Strings are always
terminated with a carriage return (cr). So, if more than one string
input is requested with a single INPUT statement, the 1771-DB will
prompt you with a question mark.

EXAMPLES: >10 STRING 110, 1C >10 STRING 11C,10
>20 INPUT "NAME: ",$(1) >20 INPUT "NAMES: ",$(1),$(2)
>30 PRINT "HI ",$(1) >30 PRINT "HI ",$(1)," AND ",$(2)
>40 END >40 END
>RUN >RUN
NAME: SUSAN NAMES: BILL
HI SUSAN ?ANN

HI BILL AND ANN
READY

READY

Additionally, strings and variables can be assigned with a single INPUT
statement.

Example: >10 STRING 100, 10
>20 INPUT"NAME(CR), AGE - ",$(1),A

>30 PRINT "HELLO ",$(1),", YOU ARE ",A,"YEARS OLD"
>40 END

>RUN

NAME(CR), AGE - FRED
?15
HELLO FRED, YOU ARE 15 YEARS OLD

READY
>
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4,3.16 Statement: LET
Mode: CCMMAND AND/OR RUN
Type: ASSIGNMENT

The LET statement is used to assign a variable to the value of an
expression. The generalized form of LET is:

LET [var] = [expr]
Examples:

LET A

10¥SIN(B) /100 or
LET A = A + 1

Note that the = sign used in the LET statement is not equality
operator, but rather a "replacement" operator and that the statement
should be read A is replaced by A plus one. The word LET is always
optional, i.e.

LET A = 2 is the same as A = 2

When LET is omitted the LET statement is called an IMPLIED LET. This
document will use the word LET to refer to both the LET statement and
the IMPLIED LET statement.

The LET statement is also used to assign the string variables, i.e:
LET $(1)="THIS IS A STRING" or
LET $(2)=%(1)

Before strings can be assigned the STRING [expr],[expr] statement must
be executed, or else a MEMORY ALLOCATION ERROR will occur (see section

4.3.27).

4,3.17 Statement: ONERR[1n num]
Mode: RUN

Type: CONTRCL

The ONERR[1n num)] statement lets the programmer handle arithmetic
errors, should they occur, during program execution. Only ARITH.
OVERFLOW, ARITH. UNDERFLOW, DIVIDE BY ZERC, and BAD ARGUMFNT errors can
be "trapped" by the ONERR statement, all other errors are not. If an
arithmetic error occurs after the ONERR statement is executed, the
1771-DR interpreter will pass control to the line number following the
ONERR[1n num] statement. The programmer can handle the error condition
in any manner suitable to the particular application. Typically, the
ONERR[1n num] statement should be viewed as an easy way to handle errors
that occur when the user provides inappropriate data to an INPUT
statement.
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With the ONERR[1n num] statement, the programmer has the option of
determining what type of error occurred. This is done by examining

external memory location 257 (101H) after the error condition is
trapped.

The error codes are as follows:

ERRCR CODE = 10 - DIVIDE BY ZERO
ERROR CCPE = 20 - ARITH., OVERFLOW
ERRCR CCDE = 30 - ARITH. UNDERFLOW
ERROR CODE = 40 - BAD ARGUMENT

This location may be examined by using an XBY (257) statement.

4,3.18 Statement: ONTIME [expr],[1n num]
Mode: RUN

Type: CONTRCL

Since the 1771-DB processes a line in the millisecond time frame and

the timer/counters on the processor operate in the microsecond time
frame, there is an inherent incompatibility between the timer/counters
on the processor and the 1771-DB. To help solve this situation the
ONTIME [expr],[1ln num] statement was devised. What ONTIME does is
generate an interrupt every time the special function operator, TIME, is
equal to or greater than the expression following the ONTIME statement.
Actually, only the integer portion of TIME is compared to the integer
portion of the expression. The interrupt forces a GOSUEB to the line

number ([1n num]) following the expression ([expr]) in the ONTIME
statement.

Since the ONTIME statement uses the special function operator, TIME, the
CLOCK1 statement must be executed in order for ONTIME to operate. If
CLOCK1 is not executed the special function operator, TIME, will never
increment and not much will happen.
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Since The CNTIME statement generates an interrupt when TIME is greater
than or equal to the expression following the ONTIME statement, how can
periodic interrupts be generated? That's easy, the ONTIME statement
must be executed again in the interrupt routine:

Example: >10 TIME=0 : CLOCK1 : CNTIME 2,100 : DC
>20 WHILE TIME<10 ¢ END
>100 PRINT "TIMER INTERRUPT AT -", TIME,"SECONDS"
>110 ONTIME TIME+2,100 : RETI
>RUN

TIMER INTERRUPT AT - 2.045 SECONDS
TIMER INTERRUPT AT - 4,045 SECONDS
TIMER INTERRUPT AT - 6.045 SECONDS
TIMER INTERRUPT AT - 8.045 SECONDS
TIMER INTERRUPT AT 10,045 SECCNDS

READY

The terminal used in this example was running at U800 baud and it takes about
45 milliseconds to print the message TIMER INTERUPT AT -" ", The result is the
TIME that was printed out was 45 milliseconds greater than the time the
interrupt was supposed to be generated.

If the programmer does not want this delay, a variable should be
assigned to the special function operator, TIME, at the beginning of the
interrupt routine.

Example: >10 TIME=0 : CLOCK1 : ONTIME 2,100: DC
>20 WHILE TIMEK10 : END
>1C0 A=TIME
>110 PRINT "TIMER INTERRUPT AT -",A,"SECCNDS"
>120 ONTIME A+2,100 : RETI

>RUN

TIMER INTERRUPT AT - 2 SECCONDS
TIMER INTERRUPT AT - 4 SECONDS
TIMER INTERRUPT AT - 6 SECONDS
TIMER INTERRUPT AT - 8 SECONDS
TIMER INTERRUPT AT - 10 SECCNDS

READY

The ONTIME interrupt routine must be exited with a RETI statement. Failure to
do this will "lock-out" all future interrupts.

The ONTIME statement in the 1771-DB is unique, relative to most PASICS.
This powerful statements eliminates the need for the user to "test®
the value of the TIME operator periodically throughout the BASIC
program.
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4,2.19 Statement: PRINT or P,
Mode: COMMAND and/or RUN

Type: INPUT/OUTPUT

The PRINT statement directs the 1771-DB to output to the console

device. The value of expressions, strings, literal values, variables or
text strings may be printed out. The various forms may be combined in
the print list by separating them with commas. If the list is terminated
with a comma, the carriage return/line feed will be suppressed. P. is a
"shorthand" notation for PRINT,

Examples: >PRINT 10%10, 3% >PRINT "MCS=51" >PRINT 5, 1E3
100 9 MCS-51 5 1000

Values are printed next to one another with two intervening blanks. A
PRINT statement with no arguments causes a carriage return/line feed
sequence to be sent to the console device.

Special Print Formatting Statements
TAB([expr])

Use the TAB([expr]) function in the PRINT statement to cause data to

be printed out in exact locations on the output device. TAB([exprl)
tells the 1771-DB which position to begin printing the next value in ,
the print list. If the printhead or cursor is on or beyond the specified
TAB position, the 1771-DB will ignore the TAB function.

Example: >PRINT TAB(5),"X",TAB(10),"Y"
X Y

SPC([exprl)

Use the SPC([expr]) function in the PRINT statement to cause the
1771=DB to output the number of spaces in the SPC argument.

Example: >PRINT A,SPC(5),B

may be used to place an additional 5 spaces between the A and P over and
above the two that would normally be printed.

CR

When you use CR in a PRINT statement, it will force a carriage return, but no
line feed. This can be used to create one line on a CRT device that is
repeatedly updated.

Example: >10 FOR I=1 TO 1000
>20 PRINT I,CR,
>30 NEXT I

will cause the output to remain only on one line. No line feed will ever
be sent to the console device.
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USING(special characters)

The USING function is used to tell the 1771-DB what format to display
the values that are printed. The 1771-DE "stores" the desired format
after the USING statement is executed. So, all outputs following a USING
statement will be in the format evoked by the last USING statement
executed. The USING statement need not be executed within every PRINT
statement unless the programmer wants to change the format. U. is a
"shorthand" notation for USING,

Note: The USING statement applies to numbers following it until another USING
statement is encountered.

The options for USING are as follows:

USING(Fx) - This will force the 1771-DB to output all numbers using the
floating point format. The value of x determines how many significant
digits will be printed. If x equals G, the 1771=DR will not output any
trailing zeros, so the number of digits will vary depending upon the
number. The 1771-DB will always output at least 3 significant digits
even if x is 1 or 2. The maximum value for x is 8.

Example: >10 PRINT USING(F3),1,2,2
>20 PRINT USING(F4),1,2,3
>30 PRINT USING(F5),1,2,2
>40 FOR I=10 TO 40 STEP 10
>50 PRINT I
>60 NEXT I
>RUN

1.00 E0 2.00 E0 3.00 EOQ

1.000 E 0O 2.000 EC 3.000 EO
1.000C E C 2.0000 E 0 3.0000 E O
1.0000 E+1

2.0000 E+1

3.0000 E+1

4,0000 E+1

READY
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USING(#.#)- This will force the 1771-DB to output all numbers using an
integer and/or fraction format. The number of "#"'s before the decimal
point represents the number of significant integer digits that will be
printed and the number of "#"'s after the decimal point represents the
number of digits that will be printed in the fraction. The decimal point
may be omitted, in which case only integers will be printed. USING may
be abbreviated U. USING(###.###), USING(######) and USING(######.##) are
all valid in the 1771-DB. The maximum number of "#" characters is 8. If
the 1771-DB cannot output the value in the desired format (usually
because the value is too large) a question mark (?) will be printed to

console device, then BASIC will output the number in the FREE FORMAT
described below.

Example: >10 PRINT USING(##.4##),1,2,3
>20 FOR I=1 TO 120 STEP 20
>30 PRINT I
>40 NEXT I
>50 END
>RUN

1.00 2.00 3.00
1,00
21.00
41.00
61.00
81.00
? 101

READY

NCTE: The USING(Fx) and the USING(#.#) formats will always "align" the
decimal points when printing a number. This feature makes displayed
columns of numbers easy to read.

USING(0) - This argument lets the 1771-DB determine what format to
use. The rules are simple, if the number is between +/-99999999 and
+/-.1, BASIC will display integers and fractions. If it is out of this
range, BASIC will use the USING(FO) format. Leading and trailing zeros
will always be suppressed. After reset, the 1771-DB is placed in the
USING(0) format.

4,3,20 Statement: PRINT# or P.#
Mode: COMMAND and/or RUN

Type: INPUT/OUTPUT

The PRINT# or P.# statement does the same thing as the PRINT or P.

statement except that the output is directed to the list device instead

of the console device. The baud rate must be selected by a configuration plug
and must match your device (see section 32.2.4). The peripheral port parameters
must also be configured to match your device (see section 4.7.1). All
comments that apply to the PRINT or P. statement apply to the PRINT# or P.#
statement. P.# is a "shorthand" notation for PRINT#.
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4,3,21 Statements: PHO., PH1., PHO.#, PH1.#
Mode: COMMAMND and/or RUMN
Type: INPUT/OUTPUT

The PHC. and PH1. statements do the same thing as the PRINT statement
except that the values are printed out in a hexadecimal format. The
PEO. statement suppresses two leading zeros if the number to be printed
is less than 255 (OFFH). The PH1. statement always prints out four
hexadecimal digits. The character "E" is always printed after the number
when PHC. or PH1. is used to direct an output. The values printed are
always truncated integers. If the number to be printed is not within the
range of valid integer (i.e. between 0 and 65535 (OFFFFH) inclusive),
the 1771-DB will default to the normal mode of print. If this happens

no "H" will be printed out after the value. Since integers can be
entered in either decimal or hexadecimal form the statements PRINT,
PHO., and PH1. can be used to perform decimal to hexadecimal and
hexadecimal to decimal conversion. All comments that apply to the PRINT
statement apply to the PHC. and PH1. statements. PHO.# and PH1.# do the
same thing as PHO. and PH1. respectively, except that the output is
directed to the list device instead of the console device. The baud rate and

peripheral port parameters must match your device (see sections 3.2.4 and
4,.7.1 respectively).

Examples:

>PHO. 2%2 >PH1. 2%2 >PRINT 99H >PHO. 100
O4H 0004H 153 6LH
>PHO. 1000 >PH1. 1000 >P. 3E8H >PHC. PI
3E8H 03E8H 1000 03H

4,3,22 Statement: PUSH[expr]
Mode: CCMMAND AND / OR RUN
Type: ASSICGNMENT

The arithmetic expression, or expressions following the PUSH statement

are sequentially placed on the 1771-DB's ARGUMENT STACK. This statement, in
conjunction with the PCP statement provide a simple means of passing
parameters to the CALL routines. In addition, The PUSH and POP statements can
be used to pass parameters to BASIC subroutines and to "SWAP" variables. The
last value PUSHED onto the ARGUMENT STACK will be the first value POPPED off
the ARGUMENT STACK.
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Variations:

More than one expression can be pushed onto the ARGUMENT stack with a
single PUSH statement. The expressions are simply followed by a comma:
PUSH[expr]l,[exprl,ceccc....[exprl). The last value PUSHED onto the
ARGUMENT STACK will be the last expression [expr] encountered in the
PUSH STATEMENT.

Examples:

SWAPPING CALL

VARIABLES RCUTINE

>10 A=10 >10 PUSH 3

>20 B=20 >20 CALL 10

>30 PRINT A,B >20 POP W

>40 PUSH A,B >U0 REM PUSH VALUE CN STACK, CALL
>50 POP A,B >50 REM CONVERSICN, POP RESULT IN W
>60 PRINT A,B >60 END

>7C END

>RUN

1 20

20 10

READY

<

4,3,23 Statement: POP[var]

Mode: COMMAND AND / CR RUN
Type: ASSIGNMENT

The top of the ARGUMENT STACK is assigned to the variable following the
PCP statement and the ARGUMENT STACK is "POPPED" (i.e. incremented by
€). Values can be placed on the stack by either the PUSH statement or by
assembly language CALLS. NOTE - If a POP statement is executed and no
number is on the ARGUMENT STACK, an A-STACK ERRCR will occur.

Variations:

More than one variable can be popped off the ARGUMENT stack with a
single POP statement. The variables are simply followed by a comma
(i.e. POP [var]l,[varl,.ceeec.s.lvarl).

Examples:
See PUSH statement.

Comment :

The PUSH and POP statements are unique to the 1771-DB. These power ful
statements can be used to "get around" the GLOBAL variable problems so
often encountered in BASIC programs. This problem arises because in
BASIC the "main" program and all subroutines used by the main program
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are required to use the same variable names (i.e. GLOBAL VARTARLES). Tt
is not always convenient to use the same variables in a subroutine as in
the main program and you often see programs re-assign a number of
variables (i.e. A=Q) before a GOSUB statement is executed. If you
reserve some variable names just for subroutines (i.e. S1, S2) and
passes variables on the stack as shown in the previous example, you will
avoid any GLOBAL variable problems in the 1771-DB.

The PUSKF and POP statements will accept dimensioned variables i.e., A(4), and
SI(12), as well as scalar variables. This feature can be particularly useful
when large amounts of data must be PUSHED or POPPED when using CALL routines.

Example: 40 FOR I=1 TO 64

50 PUSH I
60 CALL 10
70 POP A(I)
80 NEXT I

4,3,24 Statement: REM
Mode: RUN
Type: CONTRCL - Performs no operation

REM is short for REMark. It does nothing, but allows you to add
comments to a program. Comments are usually needed to make a program a
1ittle easier to understand. Cnce a REM statement appears on a line the
entire line is assumed to be a remark, so a REM statement may not be
terminated by a colon (:), however, it may be placed after a colon.
This allows you to place a comment on each line.

Examples: >10 REM INPUT CNE VARIABLE
>20 INPUT A
>30 REM INPUT ANOTHER VARTABLE
>40 INPUT B
>50 REM MULTIPLY THE TWC
>60 Z=A*B
>70 REM PRINT THE ANSWER
>80 PRINT Z
>90 END
>10 INPUT A REM INPUT ONE VARIABLE
520 INPUT B : REM INPUT ANOTHER VARIABLE
>30 Z=A*R : REM MULTIPLY THE TWC
>40 PRINT Z :REM PRINT THE ANSWER
>50 END

e o0

The following will NOT work because the entire line would be interpreted
as a REMark, so the PRINT statement would not be executed:

>10 REM PRINT THE NUMBER : PRINT A
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4,2,25 Statement: RETI
Mode: RUN
Type: CONTROL

Use the PETI statement to exit from the CNTIME interrupts that are handled by
a 1771-DB program. The RETI statement does the same thing as the RETURN
statement except that it also clears a software interrupt flags so interrupts

can again be acknowledged. If you fail to execute the RETI statement in the
interrupt procedure, all future interrupts will be ignored.

4,2,26 Statement: STOP
Mode: RUN
Type: CONTROL

The STOP statement allows you to break program execution at

specific points in a program. After a program is STOPped variables can
be displayed and/or modified. Program execution may be resumed with a
CONTinue command. The purpose of the STOP statement is to allow for easy
program "debugging". More details of the STCP-CONT sequence are covered
in the DESCRIPTICN OF COMMANDS - CONT in section 4.4.,2 of this manual.

Fxample: >10 FOR I=1 TO 100
>20 PRINT I
>30 STOP
>40 NEXT I
>RUN

1
STCP - IN LINE 4C

READY
>CONT

2
Note that the line number printed out after the STCP statement is

executed is the line number following the STOP statement, not the line
number that contains the STOP statement.

4,3,27 Statement: STRING

Mode: COMMAND and/or RUN

Type: CONTRCL

The STRING [expr],[expr] statement allocates memory for strings.
Initially, no memory is allocated for strings. If you attempt to

define a string with a statement such as LET $(1)="HELLO" before memory
has been allocated for strings, a MEMORY ALLOCATION ERROR will be

generated. The first expression in the STRING [expr],[expr] statement is
the total number of bytes you wish to allocate for string
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storage. The second expression denotes the maximum number of bytes that
are in each string. These two numbers determine the total number of
defined string variables,

The 1771-DB requires one additional byte for each string, plus one additional
byte overall. The additional character for each string is allocated for the
carriage return character that terminates the string. This means that the
statement STRING 100,10 would allocate enough memory for 9 string variables,
ranging from $(0) to $(8) and all of the 100 allocated bytes would be used.
Note that $(0) is a valid string in the 1771-DB. Refer to section 4.9 for
further discussion of strings and example programs for string memory
allocation.

After memory is allocated for string storage, neither commands, such as
NEW nor statements, such as CLEAR, will "de-allocate" this memory. The
only way memory can be de-zllocated is to execute a STRING 0,0
statement. STRING 0,0 will allocate no memory to string variables.

Note: Every time the STRING [expr],[expr] statement is executed, the 1771-DE
basic executes the equivalent of a CLEAR statement. This is a necessity
because string variables and numeric variables occupy the same external memory
space. So, after the STRING statement is executed, all variables are
"wiped-out". Pecause of this, string memory allocation should be

performed early in a program (like the first statement or so) and string
memory should never be "re-allocated" unless the programmer is willing

to destroy all defined variables.

4,4 Description of Arithmetic/Logical Cperators and Fxpressions

4,4,1 Dual Cperand (DYADIC) Operators

The 1771-DB contains a complete set of arithmetical and logical
operators. Operators are divided into two groups, dual operand or
dyadic operators and single operand or unary operators. The generalized

form of all dual operand instructions is as follows:

(expr) OP (expr), where OP is one of the following operators:

+ Addition Cperator
Example: PRINT 342
5

/ Division Cperator

Example: PRINT 100/5
20
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¥* Exponentation Operator

Raises the first expression to the power of the second expression. The
power any number can be raised to is limited to 255.

Fxample: PRINT 2#%3
8
* Multiplication Operator
Example: PRINT 23%3
9
- Subtraction Cperator
Example: PRINT 9-6
3

.AND. Logical AND Operator

Example: PRINT 2.AND.?2

2

.CR. Logical CR Operator
Example: PRINT 1.CR.H4
5.
.XOR. Logical EXCLUSIVE CR operator

Example: PRINT T7.XOR.6
1

Comments on logical operators .AND.,.OR., and .XCR.

These operators perform a BIT-WISE logical function on valid INTEGERS.
That means both arguments for these operators must be between 0 and

€5535 (OFFFFH) inclusive. If they are not, the 1771-DB will generate a
BAD ARGUMENT ERRCR. All non-integer values are truncated, not rounded.
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4. 4,2 Unary Operators
4b.4.2.1 General Purpose
ABRS([expr]l)
Returns the absolute value of the expression.
Examples:  PRINT ABRS(5) PRINT ARS(-5)
5 5
NOT([exprl)
Returns a 16 bit one's complement of the expression. The expression
must be a valid integer (i.e.between 0 and 65535 (OFFFFH)
inclusive). Non-integers will be truncated, not rounded.
Examples: PRINT NOT(65000) PRINT NOT(O)
535 €5535
INT(lexprl)
Returns the integer portion of the expression.
Examples: PRINT INT(3.7) PRINT INT(100.876)
3 100
SGN([exprl)
Will return a value of +1 if the argument is greater than zero, zero if
the argument is equal to zero, and -1 if the argument is less than zero.
Examples: PRINT SGN(52) PRINT SGN(O) PRINT SGN(=8)

1 0 -1

SQR([expr])
Returns the square root of the argument. The argument may not be less

than zero. The result returned will be accurate to within +/= a value of
5 on the least significant digit.

Examples: PRINT SQR(9) PRINT SQR(45) PRINT SQR(100)

3 €.7082035 10

RND
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Returns a pseudo-random number in the range between 0 and 1 inclusive.
The RND operator uses a 16=bit binary seed and generates 65536
pseudo-random numbers before repeating the sequence. The numbers
generated are specifically between 0/65535 and 65525/65535 inclusive.
Unlike most BASICS, the RND operator in the 1771-DB does not require an
argument or a dummy argument. In fact, if an argument is placed after
the RND operator, a BAD SYNTAY error will occur.

Examples: PRINT RND
.30278477

PI

PI is not really an operator, it is a stored constant. In the 1771=DB,
PI is stored as 3.1415026.

4,4,2.2 Log Functions
LOG([exprl)

Returns the natural logarithm of the argument. The argument must be
greater than 0. This calculation is carried out to 7 significant digits.

Examples: PRINT LOG(12) PRINT LOG(EXP(1))
2.484906 1

EXP([exprl)

This function raises the number "e" (2.7182818) to the power of the
argument.

Examples: PRINT EXP(1) PRINT EXP(LOG(2))
2.7182818 2

4,4,2.3 Trig Functions

SIN([expr]

Returns the sine of the argument. The argument is expressed in radians.
Calculations are carried out to 7 significant digits. The argument
must be between + 200000.

Examples: PRINT SIN(PI/Y) PRINT SIN(O)
. 7071067 0
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COS([exprl)

Returns the cosine of the argument. The argument is expressed in radians.

Calculations are carried out to 7 significant digits. The argument must
be between + 200000.

Examples: PRINT COS(PI/H4) PRINT COS(0)
.7071067 1

TAN([expr])

Returns the tangent of the argument. The argument is expressed in radians.
The argument must be between + 200000.

Examples: PRINT TAN(PI/H) PRINT TAN(O)
1 0

ATN([exprl)

Returns the arctangent of the argument. The result is in radians.
Calculations are carried out to 7 significant digits. The ATN operator
returns a result between -PI/2 (3.141592€/2) and PI/2.

Examples: PRINT ATN(PI) PRINT ATN(1)
1.2626272 . 78539804

Comments on Trig Functions

The SIN, C0S, and TAN operators use a Taylor series to calculate the
function. These operators first reduce the argument to a value that is
between 0 and PI/2. This reduction is accomplished by the following
equation:

reduced argument = (user arg/PI - INT(user arg/PI)) # PI

The reduced argument, from the above equation, will be between 0 and PI.
The reduced argument is then tested to see if it is greater than PI/2.
If it is, then it is subtracted from PI to yield the final value. If it
is not, then the reduced argument is the final value.

Although this method of angle reduction provides a simple and economical
means of generating the appropriate arguments for a Taylor series. There
is an accuracy problem associated with this technique. The accuracy
problem is noticed when the user argument is large (i.e., greater than
1000). That is because significant digits, in the decimal (fraction)
portion of reduced argument are lost in the (user arg/PI - INT(user
arg/PI)) expression. As a general rule, try to keep the arguments for
the trigonometric functions as small as possible.
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4.4,2 Understanding Precedence of Operators
The hierarchy of mathematics dictates that some operations are carried
out before others. If you understand the hierarchy of mathematics, it is
possible to write complex expressions using a minimum amount of
parenthesis. It's easy to illustrate what precedence is all about,
examine the following equation:

B43%¥2 = 2

Should you add (4+3) then multiply seven by 2, or should you multiply
(3%¥2) then add 4? Well, the hierarchy of mathematics says that
multiplication has precedence over addition, so you would multiply (3%2)
first then add 4. So,

L4+3%2 = 10
The rules for the hierarchy of math are simple. When an expression is
scanned from left to right an operation is not performed until an
operator of lower or equal precedence is encountered. In the example
addition could not be performed because multiplication has higher
precedence. The precedence of operators from highest to lowest in the
1771-DB is as follows:
o} Operators that use parenthesis ( )
o Exponentation (*#)
o Negation (=)
o Multiplication (¥) and division (/)
o Addition (+) and subtraction (-)
o) Relational expressions (=, <>, >, >=, <, <=)
o Logical and (.AND.)
o Logical or (.OR.)

o Logical XOR (.XOR.)

Relative to operator precedence, the rule of thumb should always be;
when in doubt, use parenthesis.
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4.4.4 How Relational FExpressions Work

Relational expressions involve the operators =, <>, >, >=, <, and <=.

These operators are typically used to "test" a condition. In the 1771-DR
relational operators return a result of 65535 (QFFFFH) if the relational
expression is true, and a result of ¢, if the relation expression is

false. The result is returned to the argument stack. Recause of this, it's
possible to actually display the result of a relational expression,

Examples: PRINT 1=0 PRINT 1>0 PRINT A<>A PRINT A=A

0 65535 0 65535

It may seem strange to have a relational expression actually return a
result, but it offers a unique benefit in that relational expressions
can actually be "chained" together using the logical operators .AND.,
.OR., and .XOR.. This makes it possible to test a rather complex
condition with ONE statement.

Example: >1C IF A<B.AND,A>C.OR.A>D THEN...c.ccxs
Additionally, the NOT([expr]) operator can be used.

Example: >10 IF NOT(A>B).AND.A<C THEN...coco0ces

By "chaining" together relational expressions with logical operators, it
is possible to test very particular conditions with one statement.

When using logical operators to link together relational expressions, it
is very important that the programmer pay careful attention to the
precedence of operators. The logical operators were assigned lower
precedence, relative to relational expressions, just to make the linking
of relational expressions possible without using parenthesis.

4,5 Special Cperators
4,5,1 Special Function Operators

Special function operators directly manipulate the I/0 hardware and the memory
addresses on the processor.

GET

The GET operator only produces a meaningful result when used in the RUN
mode. It will always return a result of zero in the command mode. What
GET does is read the console input device. Actually, it takes a
"snapshot" of the console input device. If a character is available from
the console device, the value of the character will be assigned to GET.
After GET is read in the program, GET will be assigned the value of zero
until another character is sent from the console device. The following
example will print the decimal representation of any character sent from
the console:
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Example: >10 A=GET
>20 IF A<>0 THEN PRINT A

>30 GOTC 10
>RUN

€5 (TYPE "A" ON CONSCLE)

49 (TYPE ™1" ON CONSCLE)

24 (TYPE "CONTRCL-¥" ON CONSOLE)
50 (TYPE "2" ON CONSCLE)

The reason the GET operator can be read only once before it is assigned
a value of zero is that this implementation guarantees that the first
character entered will always be read, independent of where the GET

operator is placed in the program.

TIME

Use the TIME operator to retrieve and/or assign a value to the real

time clock resident in the 1771-DE. After reset, time is equal to O,

The CLOCK1 statement enables the real time clock. When the real time clock is
enabled, the special function operator, TIME, will increment once every 5
milliseconds. The TIME operator uses TIMERO 2nd the interrupts associated with
the TIMERO on the processor. The units of time are in seconds.

When TIME is assigned a value with a LET statement (i.e. TIME = 10C),
only the integer portion of TIME will be changed.

Example: >CLOCK1 (enable REAL TIME CLOCK)
>CLOCKO (disable REAL TIME CLOCK)
>PRINT TIME (display TIME)

3.315
>TIME = C (set TIME = 0)

>PRINT TIME (display TIME)
.315 (only the integer is changed)
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The "fraction" portion of TIME can be changed by manipulating the
contents of internal memory location 71 (47H). This is accomplished
by a DBY(71) statement. Note that each count in internal memory
location 71 (47H) represents 5 milliseconds of TIME.

Continuing with the example;

SDEY(71) = O (fraction of TIME = 0)
>PRINT TIME
0
>DBY(71) = 3 (fraction of TIME = 2, 15 ms)

>PRINT TIME
1.5 E=2

The reason only the integer portion of TIME is changed when assigned a
value is that it allows you to generate accurate time intervals.

For instance, let's say you want to create an accurate 12 hour clock.
There are 43200 seconds in a 12 hour period, so an ONTTME 43200, (1n
num) statement is used. Now, when the TIME interrupt occurs the
statement TIME = 0 is executed, but the millisecond counter is not
re-assigned a value so if interrupt latency happens to exceed 5
milliseconds, the clock will still remain accurate.

4,5,2 System Control Values

The system control values determine or reveal how memory is allocated by
the 1771-DB.

MTCP

After reset, the 1771-DB sizes the external memory and assigns the last
valid memory address to the system control value, MTOP. The 1771-DB
will not use any external RAM memory beyond the value assigned to MTCP,

Examples: >PRINT MTOP or PHO. MTCP
14335 37FFH

LEN

The system control value, LEN, tells you how many bytes of memory

the current selected program occupies. Obviously, LEN cannot be assigned
a value, it can only be read. A NULL program (i.e. no program) will
return a LEN of 1. The 1 represents the end of program file character.

Note: Unlike some BASICS, the 1771-DB does not require any "dummy" arguments
for the system control values.

Page U4-U43



4.6 Data Transfer Support Routines

The 1771-DBE BASIC module communicates to the host programmable

controller via the block transfer mechanism. The host controller

sends variable length blocks of data to the 1771-DP, A maximum of 6l

word in and 64 words out can be transferred per scan. In turn, the

1771-DB responds with the requested block length of data. All 64 words are
entirely user defined and interpreted. The 1771-DE has an auxiliary processor
which is dedicated to detailed servicing of the block transfers with the host
programmable controller and these support routines provide the communications
link to this second processor with the PASIC processor.

The 1771-DB auxiliary processor maintains a block transfer write buffer
that has the values of the last transfer written by the host. The data
is transferred to the BASIC processors block transfer write buffer by
calls to the routines that wait on block transfer write or explicit
requests to update the block transfer write buffer. This buffer is
frozen and will not change when the wait on block transfer call is
completed. This double buffering and freezing is required to ensure the
data does not change during processing by the 1771-DB module. The block
transfer write buffer remains unchanged and may be accessed repeatedly
by any of the data access routines provided.

The 1771-PDE also maintains a block transfer read buffer that is the
value of the next block to be read by the host. This buffer is
initialized by the BASIC program using these routines and is actually
transferred to the auxiliary processor (for subsequent transfer to the
host) when block transfer read buffer transmit routine or the wait on
block transfer read routine are celled. The user should complete the
building of the read buffer before initiating its transfer.

The auxiliary processor receives commands from the host that allow it to
halt the BASIC processor and to thus disable the 1771-DB.

b,6.1 Update Block Transfer Read Ruffer (timed) CALL 2

This routine transfers the block transfer read buffer to the auxiliary
processor for use in the next block transfer read request from the host. If
no data transfer occurs within 2 seconds the routine returns to BASIC without
transfering data. This routine has no input arguments and one output argument-
the status of the transfer. B8 non-zero returned means that no transfer
occurred and the CALL timed out. A zero returned means a successful transfer.

Ex: 10 CALL 2

20 PCP X
30 IF X <> 0 PRINT "TRANSFER UNSUCCESSFUL"
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b, 6.2 Update Plock Transfer Vrite Buffer (timed) CALL 3

This routine transfers the block transfer write buffer of the auxiliary
processor to the BASIC block transfer write buffer. If no data transfer occurs
within 2 seconds the routine returns to BASIC with no new data. This routine
has no input arguments and one output argument- the status of the transfer. A
non-zero returned means that no transfer occurred and the CALL timed out. A
zero returned means a successful transfer.

Ex: 10 CALL 3
20 PCP ¥
30 IF X <> 0 PRINT "TRANSFER UNSUCCESSFUL"

4.6.3 Set Block Transfer Write Length CALL 4

This routine sets the number of words (1-64) to transfer between the 1771-DE
and the PLC. The PLC program block transfer length must match the value set

here. Only one argument is input, the number of words to RTW, and none
returned.

Ex: 10 PUSE 10:
20 CALL 4
4,e6.4 Set Block Transfer PRead Length CALL 5

This routine sets the number of words (1-64) to transfer between the 1771-DB
and the PLC. The PLC program block transfer length must match the value set
here. Only one argument is input, the number of words to BTR, and none
returned.

Ex: 1C PUSH 10
20 CALL 5
4,.€.5 Update Block Transfer Write EBuffer CALL 6

This routine transfers the block transfer write buffer of the auxiliary
processor to the BASIC block transfer write buffer. This routine will wait
until a block transfer occurs.

4, €e.€ Update Block Transfer Read Buffer CALL 7

This routine transfers the block transfer read buffer to the auxiliary
processor for use in the next block transfer read request from the host. This
routine will wait until a block transfer occurs.

L, 6.7 Disable Interrupts CALL @
This routine disables system interrupts. It is mandatory for PROM

programming. The wall clock cannot be accessed and the peripheral port is
disabled.
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4,6.8 Enable Interrupts CALL ¢

This routine enables system interrupts. It is mandatory for PROM programming.
The wall clock is accessible and the peripheral port is enabled.

INPUT CALL CONVERSICON ROUTINES

All of the input call conversion routines require the same sequence of
commands. These are:

PUSH - the word position of the PLC data transfer file to be converted (1-64)
CALL - the appropriate input conversion

POP - the input argument into a variable

The data format of the output arguments from each of the input conversion
routines is described in more detail in section €,

4,6.9 3-Digit figned, Fixed Decimal BCD to Internal F.P. xXXX CALL 10

The input argument is the number (1 to 64) of the word in the write data
transfer buffer that is to be converted from 3-digit BCD to internal format.
The output argument is the converted value in internal floating point format.

4,6.10 16-Bit Binary to Internal F.P, CALL 11

The input argument is the number (1 to 64) of the word in the write data
transfer buffer to be converted from 16=bit binary to internal format. The
output argument is the converted value in internal floating point format.
There are no sign or error bits decoded, just a one for one conversion of the
binary data.

4,6,11 Uu-Digit Signed Cctal to Internal F.P. xX¥¥XX CALL 12

The input argument is the number (1 to 64) of the word in the PLC data

transfer buffer to be converted from 4-digit signed octal to internal format.
This 12-bit format has a maximum value of +7777 octal. The output argument is

the coaverted value in internal floating point format.
4,6,12 6-Digit, Signed, Fixed Decimal BCD to Internal F.P. xXXXXXX CALL 1R

The input argument is the number (1-64) of the first word (6-digit BECD is sent
to the BASIC module in two PLC words) of the write data transfer buffer to be
converted from 6-digit, signed, fixed decimal PCD to internal format. The
maximum values allowed are +999999. The output argument is the converted value
in internal floating point format.
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4,6.13 Uu-Digit PCD to Internal F.P. X¥XX CALL 14

The input argument is the number (1-64) of the word in the write data transfer
buffer to be converted from U4-digit BCD to internal format. The maximum value

allowed is 0-9999. The output argument is the converted value in internal
floating point format.

Sample input conversions:

20 PUSH 2 :REM CONVERT 3rd WORD OF PLC DATA
30 CALL 10 ¢REM DO 2 DIGIT BCD TC F.P. CONVERSION
4o PCP W ¢REM CET CONVERTED VALUE - STORE IN VARTABLE W

20 PUSH 9 ¢REM CONVERT 9th WORD OF PLC DATA
30 CALL 13 ¢+REM DO 6 DIGIT BCD TO F.P. CONVERSION
Lo POP L(1) :REM GET CONVERTED VALUE - STCRE IN ARRAY L(1)

OUTPUT CALL CONVERSION RCUTINES

All of the output call conversion routines require the same sequence of
commands. These are:

PUSH - The value to be converted

PUSH - the word position of the PLC data transfer file to be converted (1=€64)
CALL - the appropriate output conversion

The data format of the converted value of each of the output conversion
routines is described in more detail in chapter 6.

4.€.14 Internal FP to 3-Digit, Signed, Fixed Decimal BCD $xXXX. CALL 20

This routine has ﬁwo input arguments and no output arguments. The first
argument is the variable with a value in the range of =999 to +999 that will
be converted to a signed 3-digit binary coded decimal format for use by the

PLC. The second input argument is the number of the word to receive the value
in the read block transfer buffer.

EX. 2C PUSH W

¢ REM DATA TO BE CONVERTED
30 PUSH 6 : REM WORD LCCATION TC GET DATA
4o CALL 2C
4,6,15 Internal FP to 16-Bit Binary CALL 21

This routine takes a value between 0 and €5535 and converts it to its binary
representative and stores this in the read block transfer buffer in one word.
Two arguments are PUSHed, none POPed. The first value PUSHed is the data or
variable. This is followed by the number of the word to receive the value in
the read block transfer buffer.

EX. 50 PUSH T EM THE VALUE TO BE CONVERTED TO 1€ BINARY

¢ R
60 PUSH 3 : REM WORD 3 IN THE BTR BUFFER GETS THE VALUE T
70 CALL 21 : REM DC THE CONVERSION
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4.€.16 Internal FP to U-Digit, Signed Octal +XXXXX CALL 22

This routine converts a value from internal format to a four digit signed
octal value. Two arguments are PUSHed, none POPed. The first value PUSHed is

the data (47777,) or variable. This is followed by the number of the word to
receive the va1§e in the read block transfer buffer.

EX. 50 PUSH H : REM THE VALUE TO EE CONVERTED TO U4~DIGIT SIGNED OCTAL

€0 PUSH 3 REM WCRD 3 IN THE BTR BUFFER GETS THE VALUE H
70 CALL 22 : REM DO THE CONVERSION

ee oo

4,€.17 Internal FP to 6-Digit, Signed, Fixed Decimal BCD +xX¥XXXX. CALL 23

This routine converts an internal 6-digit, signed, integer to a 2 word format
and places the converted value in the read block transfer buffer. Two
arguments are pushed, none poped. The first value pushed is the data or
variable. This is followed by the number of the word to receive the value in
the read block transfer buffer.

EX. 20 PUSH 654321, OR 20 PUSH B(I)
30 PUSH 3 3C PUSH 3
4o CALL 23 4o CALL 23

4.€.18 Internal FP to 3.23-digit, Signed, Fixed Decimal BCD +x¥XX.YXX¥ CALL 2€

This routine converts a variable in internal format to a signed, €-digit,
fixed decimal point number stored in 2 words in the read block transfer
buffer. Two arguments are PUSHed, non POPed. The first value FUSHed is the
data (+999.999) or variable. This is followed by the number of the word to
receive the value in the read block transfer buffer.

EX. 50 PUSH S :REM THE VALUE TC BE CONVERTED TC 3.2-DIGIT FIXED POINT
€0 PUSH 3 ¢REM WORD 3 IN THE BTR BUFFER GETS THE VALUE S
70 CALL 2€ :RFM DC THE CONVERSICN

4.6.19 Internal FP to U-digit BCD +XXXX CALL 27

This routine converts a value in internal floating point format to & U4-digit,
unsigned BCD value and places it in the read block transfer buffer. Two
arguments are PUSHed, none POPed. The first value PUSHed is the data (0-9999)
or variable. This is followed by the number of the word to receive the value
in the read block transfer buffer.

EX. 20 PUSH B ¢REM THE VALUE TC PE CONVERTED TO 4-DIGIT BCD

30 PUSH 7 ¢REM WORD 7 IN THE BETR EUFFER GETS THE VALUE P
4o CALL 27 :REM DO THE CONVERSION

4,7 Peripheral Port Support

The multipurpose peripheral port is a vital part of the 1771-DE and

it is supported in a variety of ways. The user may exchange data with

an external device using a user written protocol that meets the needs of

the application at hand. Further, this port is used by the LIST# statement of
the language to list programs. Finally, this port is used to load/save
programs via the 1771-SA/SP data recoders. In order for these functions to
operate properly, parameter setup routines are also provided.
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In order to make hest use of the port, especially in the communications

to another device mode, a 256 character buffer is provided on both

input and output. This means that up to 256 characters may be received
without error from a device before the user must service the data. Often an
entire response to a command can be stored in the input buffer transparently
to the user; this is especially useful when the data arrives in a high speed
burst that is much too fast for a BASIC program to handle character by
character. :

Similarly, a 256 character output buffer is provided that allows an entire
message to be assembled with the user's program free to perform other
operations while the message is being sent character by character by the
device driver.

The communications port is driven by two different parts of the 1771=DB module
for different functions and the two groups of functions cannot be active at
the same time. The first use of this port is provided by the LIST#, PRINT#,
PHO.#, and PH1.# statements. These are used to list the program, output
variables, strings, or control characters. Entirely separate are the routines
described here.

4.7.1 Peripheral Port Support - Parameter Set CALL 30

This routine sets up the parameters for the peripheral port. The parameters to
be set are the number of bits/word, parity enable or disable, even or odd
parity, number of stop bits, software handshaking, hardware handshaking. The
five values that are PUSHed on the stack before executing the CALL sre in the
following order: )

Parameter Selections
Number of bits/word 5,6,7,8
Parity Enable O=None
2=Even 1=0Cdd
Number of Stop PBits 1=1 Stop Bits, 2=2 Stop
RPits, 3=1.5 Stop Bits
Software Handshaking 0=None, 1=XON=XOF,
Hardware Handshaking 0=Disable DCD

1=Fnable DCD

EX. 100 PUSH 8 : REM 8 BITS/WORD
120 PUSH 1 ¢ REM ODD PARITY
140 PUSH 2 : REM 2 STOP BITS
160 PUSH O : REM NO SOFTWARE HANDSHAKING
180 PUSH 1 : REM ENABLE DCD
200 CALL 30 : REM SET UP PERIPHERAL PCRT

Page 4-49



4,7.2 Peripheral Port Support - Display Peripheral Port Parameters CALL 31

This routine displays the current peripheral port configuration on the
terminal. No argument is PUSEed or POPed.

Enter CALL 31 [return] from the command mode,
EX. CALL 21 [RETURNM]

DCD ON

2 STCP BITS
ODD PARITY
& BITS/CHAR

4,7.3 Save Program to Data Recorder CALL 32

This routine will save the current RAM program onto a 1770-SA/SB recorder. The
program in RAM is not modified.

To use this routine, insert the cassette/cartridge into the recorder and

rewind it. After the re-winding has stopped, enter CALL 32. The terminal will
respond with "PCSITICN TAPE AND PRESS WRITE/RECORD CN TAPE",

Shortly after pressing record, the tape will begin to move and an initial
asterisk(¥*) will be displayed on the terminal indicating that the save has
begun. As each line of the program is sent to the recorder another asterisk
will be displayed on the terminal. During this time the "DATA IN" LED on the
data recorder and the XMIT LED on the front of the 1771-~DE will illuminate.
When the last line of program is sent to the recorder, a final asterisk will
be displayed on the terminal indicating that the save operation is complete.
Finally, tape motion will cease and the PASIC prompt (>) will be displayed.

Note: If there is no program in RAM then no data will be written to the
recorder.

L,7.4 Verify Program with Data Recorder CALL 3%

This routine is used to verify the current RAM program with a previously
stored program on the data recorder.

To use this routine, the cassette/recorder should be inserted into the
recorder and re-wound. Enter CALL 23 and the terminal will respond with
"POSITION TAPE AND PRESS RFAD FROM TAPE". Shortly after pressing PLAY, tape
movement will begin and an initial asterisk will be displayed cn the terminal
indicating that the verification proccess has begun. As each line of the
program is verified, another asterisk will be displayed. During this time the
"DATA OUT" LED on the recorder and the "RECV" LED on the 1771-DB will
illuminate. When the last line of program has been verified a final asterisk
will be displayed on the terminal followed by the "YERIFICATION COMPLETE"
message and the BASIC (>) prompt. If any differences between programs are
encountered, the routine will display a "ERROR--VERIFICATION FAILURE"™ message
and the PASIC (>) prompt will immediately be displayed.
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4,7.5 Load Program from Data Recorder CALL 34

This routine will load a program stored on a 1770-SA/SB recorder into user
RAM, destroying the previous contents of RAM,

To use this routine, enter CALL 34 from the terminal. The terminal will
respond with "POSTTION TAPF AND PRESS READ FROM TAPE". After pressing play,
tape movement will begin and the routine will now search for the beginning of
the next program. When the program is found an asterisk will be printed for
each line read from the recorder. During this time the "DATA OUT" LED of the
recorder and the "RECV" LED on the front of the 1771-DB will illuminate. When
the last line of program is sent by the recorder, a final asterisk will be
displayed on the terminal indicating that the load operation is complete.
Finally, tape motion will cease and the BASIC prompt (>) will be displayed.

Note: This routine will load the first program encountered and not
differentiate between labelled programs. (See Section 4.7.8 for explanation of
labelled programs.)

4,7.6 Get Numeric Input Character from Peripheral Port CALL 235 fﬁ;h

This routine will get the current character in the input buffer and return it
as its output argument. If there is no character there, then output argument

will be a 0 (null). If there was a character there, the output argument will

be the ASCII representation of that character. There is no input argument for
this routine,

Example:
10 CALL 35
20 PCP X

30 IF X = 0 THEN GOTO 10
bo POINT CHR(X)

b.7.7 Save Labeled Program to Data Recorder (1770-SB only) CALL 28

This routine performs identically to the CALL 22 routine except the program is
assigned an ID number (0-255) before storing it on tape. This enables the user
to search for a specific program on a tape that contains many different
programs. In order to accomplish this, PUSH the ID number, then enter CALL 38.
From this point on operation is identical to the CALL 32 routine. (See section
4,7.2 for explanation) This routine has one input argument an no output
arguments. If no ID number is pushed prior to CALL 28, an error will occur and
the routine will abort without saving.

Note: An unlabeled save (CALL 32) has an ID of O.
4,7.8 Load Labeled Program from Data Recorder (1770-SB only) CALL 39

This routine performs identically to the CALL 34 routine except that labeled
programs are differentiated according to an ID number (0-255) that was assigned
to the stored program via a CALL 38. To use this routine, PUSH the ID number,
then enter CALL 39. From this point on, operation is identical to the CALL 3U
routine. (See section U4.7.4 for explanation) This routine has one input
argument an no output arguments. If no ID number is pushed prior to CALL 38, an
error will occur and the routine will abort without saving.
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Note: If the tape is positioned in the middle of the program or a labled load
encounters a program with a wrong label, the tape will stop motion at the end
of the encountered program. To continue search, press the load button twice.

Note: An unlabeled save (CALL 22) has an ID of O.

Note: Maximum baud rate = 2400 bps for all data recorder CALL routines.The UART
is set up in these routines and cannot be set in RASIC. The parameters of the
UART are: 2 stop bits, no parity, CHAR = 8 bit ASCII, and hardware handshaking
as described in the 1771-SB/SA manual.

4.8 Wall Clock Support Calls

The battery backed wall time clock provides year, month, day of month, hours,
minutes, and seconds. The clock supports 24 hour military time format only.

The support routines allow the setting of the clock and retrieval of clock
values in numeric form.

The wall clock support routines use the argument stack to pass data between the
BASIC program and the routines. Data is passed in both directions and consists
of the actual clock data.

The wall clock or time of day clock is totally separate from the real time
clock also provided on the 1771-DB. The real time clock is accessed by CLOCK1,
CLOCKO, ONTIME, and other statements, and has a resolution of 5 milliseconds.
It should be used for all short time interval measurements as it has greater
resolution and results in more accurate timing. The two clocks are not
synchronized and comparison of times from the two may not always give exactly
the expected answer. Also, the real time clock is not battery backed.

4,8.1 <Setting the Wall Clock Time (Hour, Minute, Second) CALL 40
This routine is used to set the wall clock time functions: hours, minutes, and
seconds. Follow this order: hours (0-23), minutes(0=59), seconds(0-59), then

call this routine.

EX.

The time is 13:35 (1:35 pm) exactly on a 24 hour clock. The wall clock must be
programmed in 24 hour military format.

10 H=13: M=35: £=00 ¢REM HCURS=13; MINUTES=353; SECCNDS=00
20 PUSH H,M,S ¢REM PUSH HOURS, MINUTES, SECONDS

30 CALL ko ¢REM CALL THE ROUTINE TO SET THE WALL CLOCK TIME
4,8.2 Setting the Wall Clock Date (Day, Month, Year) CALL i1

You use this routine to set the wall clock functions: (day, month, year)
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Three values are PUSHed, none PCPed. Follow this order: day of the month,
month,year, then call this routine.

EX.
The date is the 16th day of June, 1985

10 D=16: M=06: Y=85 +REM DAY OF MONTH = 16, MONTH = €, YEAR =85

20 PUSH D,M,Y :REM PUSH DAY OF MONTH, MONTH, YEAR
30 CALL 41 ¢REM CALL THE ROUTINE TC SET THE WALL CLOCK DATE
4,8,2 Date Retrieve Numeric (Day, Month, Year) CALL 44

The current date is returned on the argument stack as three numbers. There is

no input argument to this routine and three variables are returned. The date is
POPed in day, month, and year order.

10 REM DATE RETRIEVE - NUMERIC EXAMPLE

20 CALL ui ¢ REM INVOKE THE UTILITY ROUTINE

20 POP D,M1,Y : REM GET THE DATA FROM THE STACK
40 PRINT "CURRENT DATE IS", Y,M1,D

500 END

RUN

CURRENT DATE IS 84 12 25

READY

4,8.,4 Time Retrieve MNumeric CALL L€

The time of day is available in numeric form by executing a CALL 46 and PCPing
the three variables off of the argument stack upon return. There are no input
arguments. The time is PCPed in hour, minute, and second order.

10 REM TIME IN VARJABLES EXAMPLE : REM GET THE WALL CLCCK TIME

20 CALL 46

30 POP H,M,S

40 PRINT "CURRENT TIME IS", H,M,S

50 END

RUN

CURRENT TIME IS 13 uu 54

READY
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4.9 Description of String Operators
4.9.1 What Are Strings?

A string is a character or a group of characters that are stored in
memory. Usually, the characters stored in a string make up a word or a

sentence. Strings are handy because they allow the programmer to deal
with words instead of numbers. This is useful because it allows one to

write "friendly" programs, where individuals can be referred to by their
names instead of a number.

The 1771-DR contains one dimensioned string variable, $([expr]). The
dimension of the string variable (the [expr] value) range from 0 to 254,
This means that 255 different strings can be defined and manipulated in

the 1771-DB. 1Initially, no memory is allocated for strings. Memory must be
allocated by the STRING [expr], [expr] STATEMENT, The details of this
statement are covered in sections 4.3.27 and 4.9.

In the 1771-DB, strings can be defined in two ways: with the LFT
statement and with the INPUT statement.

Example:

>10 STRING 100,20C

>20 $(1)="THIS IS A STRING, "

>30 INPUT "WHAT'S YOUR NAME? - ",$(2)
>40 PRINT $(1),$(2)

>50 END

>RUN

WHAT'S YCUR NAMF? - FRED
THIS IS A STRING, FRED
Strings can also be assigned to each other with a LET statement.
Example: LET $(2)=$(1)
Would assign the string value in $(1) to the STRING $(2).
4,9,2 The ASC Cperator

In the 1771-DE, two operators manipulate STRINGS. These operators are ASC( )
and CHR( ). The string operators available in the 1771-DB are as follows:

ASC( )

The ASC( ) operator returns the integer value of the ASCII character placed in
the parenthesis.

Example: >PRINT ASC(A)
65
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The decimal representation for the ASCII character "A"™ is €5, In addition,

individual characters in a predefined ASCII string can be evaluated with the
ASC( ) operator.

Example: >5 STRING 1000, 40
>10 $(1)="THIS IS A STRING"
>2C PRINT ¢(1)
>30 PRINT ASC($(1),1)
>40 END
>RUN

THIS IS A ETRING
ey

When the ASC( ) operator is used in the manner shown above, the
$([expr]) denotes what string is being accessed and the expression after
the comma "picks out" an individual character in the string. In the
above example, the first character in the string was picked out and 8i4
is the decimal representation for the ASCII character "T",

Example: >5 STRING 1000, 40
>10 $(1)="ABCDEFGHIJKL"
>2C FOR X=1 TO 12
>20 PRINT ASC($(1),X),
>U0 MEXT X
>50 END
>RUN

65 66 67 68 69 70 71 72 73 T4 75 7€

The numbers printed in the previous example are the values that
represent the ASCIT characters A,B,C,...L.

Additionally, the ASC( ) operator can be used to change individual
characters in a defined string.

Example: >5 STRING 100C, 40
>10 $(1)="ARCDEFGHIJKL"
>20 PRINT $(1)
>30 ASC($(1),1)=T5 REM: DECIMAL EQUIVALENT OF K
>40 PRINT $(1)
>50 ASC($(1),2)=ASC($(1),3)
>E0 PRINT $(1)
>RUN

ABCDEFGHIJKL

KBCDEFGHIJKL
KCCDEFGHIJKL
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In general, the ASC( ) operator lets the programmer manipulate
individual characters in a string. A simple program can determine if two
strings are identical.

Example: >5 STRING 1C00,40
>10 $(1)="SECRET" : REM SECRET IS THE PASSWORD

>20 INPUT "WHAT'S THE PASSWCRD - ",$(2)

>30 FOR I=1 TO 6

>U0 TF ASC($(1),I)=ASC($(2),T) THEN NEXT I ELSE 70
>50 PRINT "YCU GUESSED ITi®

>€0 END

>70 PRINT "WRONG, TRY AGAIN" : GOTO 20
>RUN

WHAT'S THE PASSWORD - SECURE
WRONG, TRY AGAIN

WHAT'S THE PASSWORD - SECRET
YOU GUESSED IT

4,6.3 The CHR Cperator
CHR( )
The CHR( ) operator is the converse of the ASC( ) operator. It converts

a numeric expression to an ASCII character.

Example: >PRINT CHR(€5)
A

Like the ASC( ) operator, the CHR( ) operator can also "pick out"
individual characters in a defined ASCII string.

Example: >5 STRING 1000,40C
>10 $(1)="The 1771=DBE"
>20 FOR I=1 TO 11 : PRINT CHR($(1),I), ¢ NEXT I

>30 PRINT ¢ FOR I=11 TO 1 STEP -1
>40 PRINT CHR($(1),I), : NEXT I
>RUN

The 1771-DB
BD-1771 ehT

In the above example, the expressions contained within the parenthesis,
following the CHR operator have the same meaning as the expressions in
the ASC( ) operator.
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Unlike the ASC( ) operator, the CHR( ) operator CANMCT be assigned a

value. A statement such as CHR($(1),1) = H, is INVALID and will generate

a BAD SYNTAX ERROR. Use the ASC( ) operator to change a value in a

string, or use the string support call routine=-replace string in a string.
See section 4.9.U4 for explainations of string support calls.

The CHR( ) function cannot be used in the expression portion of an IF=THEN
statement like the ASC( ) function can.

4,9.4 String Support Calls

The intrinsic BASIC in the 1771=DR is enhanced by adding several routines for
string manipulation that facilitate programming.

Strings in 1771-DB BASIC are declared by the STRING statement which must be
executed before any strings are accessed or any of these string routines are
called. The STRING statement has two arguments or numbers that follow it and
they are first, the total amount of memory to allocate to string storage and
second, the maximum size in characters of each string. Since strings are
terminated by a carriage return character, each string is given an extra byte
of storage for its carriage return terminator. Thus, the number of strings
allowed can be determined by taking the first number and dividing it by one
plus the second number. Mote that the strings must be consecutively used
starting with string 1 through the allowed number of strings and that all
strings are allocated the maximum number of characters regardless of the actual
number used.

All of these routines use or modify strings as part of their operation. The
mechanism for passing a string to the support routine is to PUSH its number or
subscript onto the stack. The support routine can then find the string in the
1771-DB's argument stack.

Many of these routines also require the length of a string as an input. This
number must normally be inclusively between zero and the second number used in
the last STRING statement which specifies the maximum size of a string.
However, in all cases, if a string length argument is given of minus one (=1),
it will be interpreted to be the maximum allowable string length.

It is important to note that since the carriage return character is the string
terminator, it cannot be used within a string as one of its characters.
Further, since all strings are initialized to carriage returns, the first
character that has not been changed will be the last character of the string,
even if characters later in the string have been defined. However, if the most
significant bit is set in a carriage return character (use 141 instead of 12 &as
the decimal value of the carriage return character), the 1771-DE will not
recognize it as the string terminator and will pass it to the output device.
Most, but not all, devices use a seven bit ASCIT code and will ignore this top
bit and treat the 141 as a normal carriage return.
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The following three programs allow you to determine how much string space to
allocate knowing two of three variables associated with the strings: number of

characters in the longest string, the number of string variables, and the
amount of memory to allocate for strings.

Example 1

>LIST

10 REM STRING ALLOCATION CCMPUTATICN KNOWING:

20 REM 1) # CHARACTERS IN LONGEST STRING 2) # COF STRING VARIARLES
30 PRINT : PRINT

40 INPUT "HOW MANY CHARACTERS IN YOUR LONGEST STRING"C

50 INPUT "HCW MANY STRING VARIARLES WILL YOU NEED"V

€0 PRINT

70 N=(((C+1)*V)+1) : REM COMPUTE THE # OF BYTES OF MEMORY NEEDED
80 PRINT : PRINT

g0 PRINT "YOU NFED TO ALLOCATE",N,"RYTES CF MEMORY FCR",V,"VARIABLES
100 PRINT "CONTAINING",C,"CHARACTERS EACH"

110  PRINT : PRINT

120 PRINT" STRING" Nv » C

130 END

>RUN

HCW MANY CHARACTERS IN YCUR LONGEST STRING
721

HOW MANY VARIABLES WILL YOU NEED
?15

YOU NEED TO ALLOCATE 331 BYTES OF MEMCRY FCR 15 VARTARLES
CONTAINING 21 CHARACTERS EACH

STRING 331 , 21
READY
>

EXAMPLE 2

>LIST

10 REM STRING ALLOCATICN CCMPUTATION KNOWING:

20 REM 1) # CHARACERS IN LONGEST STRING 2) AMOUNT OF STRING MEMORY
30 PRINT : PRINT

4o INPUT "HOW MANY CHARACTERS IN YOUR LONGEST STRING"C

50 INPUT "# CF BYTES OF MEMCRY CAN YCU ALLCCATE FOR STRING3"N

€0 PRINT

70 V=INT((N-1)/(C+1)) : RFM COMPUTE THE # OF POSSTBLE VARIABLES

g0 N=(V¥(C+1))+1 : REM COMPUTE HCW MUCE MEMORY IS ACTUALLY NEEDED
Q0 PRINT : PRINT

100 PRINT "YOU NEED TC ALLOCATE",N,"RYTES OF MEMCRY FCR",V,"VARTAELES
110 PRINT "CONTAINING",C,"CEARACTERS EACH

120 PRINT : PRINT

130 PRINT " STRING",N,","C

140 END

>RUN
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HOW MANY CHARACTERS IN YOUR LONGEST STRING

7?20

# OF BPYTES CF MEMORY CAN YCU ALLOCATE FCOR STRINGS
?500

YOU NEED TC ALLOCATE 45 BYTES OF MEMORY FCR 22 VARIABLES
CONTAINING 21 CHARACTERS EACH

STRING L85 , 21
READY
>

Example 2

10 REM STRING ALLOCATION CCMPUTATION KNCWING:

20 REM 1) AMOUNT OF STRING MEMCRY 2) #OF STRING VARIABLES

30 PRINT : PRINT

40 INPUT "ENTER # OF BYTES OF MEMCRY YOU CAN ALLOCATE FOR STRINGE"N
50 INPUT "HOW MANY STRING VARIABLES WILL YOU NEED"V

60 PRINT

70 C=INT(((N=-1)/V)=1) : REM CCMPUTE THE # OF CHARACTERS/STRING

80 N=(V¥(C+1))+1 : REM CCMPUTE THE # CF RYTES OF MEMORY NEEDED

90 PRINT : PRINT

100 PRINT "YOU NEED TO ALLOCATE",N,"PYTES OF MEMORY FOR",V,"VARTARLE:Z"
1170 PRINT "CONTAINING","C,CHARACTERS EACH"

120 PRINT : PRINT

130 PRINT " STRING",N,",",C

140 END

>RUN

ENTER # OF PYTES OF MEMCRY YOU CAN ALLOCATE FOR STRINGS
500

HOW MANY STRING VARIABLES WILL YOU NEED
2?15

YOU NEED TO ALLOCATE 496 BYTES OF MEMORY FCR 15 VARIABLES
CONTAINING 32 CHARACTERS EACH

STRING 496 , 32

READY
>

4,0.4,1 STRING REPEAT (CALL 60)

This routine allows a character to be repeated a number of times and placed
into a string. This is a useful feature in designing output formats. First
PUSH the number of times to repeat the character, then PUSH the number of the
string containing the character to be repeated. No arguments are POPed. You
cannot repeat more characters than the string's maximum length.
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10 REM STRING REPEAT EXAMPLE PROGRAM

20 STRING 1000,50

30 $(1)=m#n

4O PUSH 40 :RFM THE NUMRER OF TIMES TO REPEAT CHARACTER
50 PUSH 1 :REM WHICH STRING CONTAINS CHARACTER

€0 CALL €0
70 PRINT $(1)
80 END
RUN
ERARRRRERRRRRERRRRRRERRRRRERRRRRRRRRRRRR
READY
4.9.4.2 STRING APPEND (CCNCATENATICN) (CALL €1)

This routine supports appending one string to the end of another string. The
CALL expects two string arguments. The first is the string number of the
string to be appended and the second is the string number of the base string.
If the resulting string is longer than the maximum string length, the extra
characters will be lost. There are no output arguments. This is essentially a
string concatenation assignment. (Ex. $(1)=$(1)+$(2)).

10 STRING 2C0,20
20 $(1)="How are "
30 $(2)="you?"

40 PRINT "BEFORE:",

50 PRINT "$1=",4(1)," $2=",$(2)
60 PUSH 2 ¢REM STRING NUMBER COF STRING TO BE
APPENDED

70 PUSH 1 ¢REM PASE STRING NUMPER

80 CALL 61 ¢REM INVOKE STRING CONCATENATION
ROUTINE

9C PRINT "AFTER: ",

100 PRINT "$1=",¢4(1)," $2=",4%(2)

110 END

RUN

BEFCRE: $1=How are $2=you?

AFTER: $1=Pow are you? $2=you?

READY
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4.9.4.3 Find a String in a String (CALL 64)

This routine will find a string within another string. It locates the first
occurrence (position) of this string to be found. This call expects two input
arguments. The first is the string to be found, the second is the string to be
searched for a match. One return argument is required. If the number is not
zero then a match was located at the position indicated by the value of the

return argument. This routine is similar to the BASIC INSTR$(findstr$,str$).
(Ex. L=INSTR$($(1),$(2))

10 REM SAMPLE FIND STRING IN STRING RCUTINE
20 STRING 1000,20

30 $(1)=mus56en
4o $(2)="12345678"
5C PUSH 1 ¢REM STRING NUMBER CF STRING TC BE FOUND

60 PUSH 2 :REM BASE STRING NUMBER

70 CALL 64 :REM GET LOCATION OF FIRST CHARACTER
80 PCP L

90 IF L=0 THEN PRINT "NOT FOUND"

10C IF L>0 THEN PRINT "FOUND AT LOCATION ",L

110 END

RUN

FOUND AT LOCATION 4

READY

4,9.4,4 Replace a String in a String (CALL 65)

This routine will replace a string within another string. Three arguments are
expected. The first argument is the string number of the string which will
replace the string identified by the second argument string number. The third
argument is the base string's string number. There are no return arguments.

10 REM Sample of replace string in string
20 STRING 1000,20

30 $(0)="RED-LINES"

4o $(1)="RED"

50 $(2)="BLUE"

60 PRINT "REFORE: $0=",$(0)

70 PUSH 2 :REM STRING NUMRER CF THE STRING TC REPLACE WITH
80 PUSH 1 +REM STRING NUMBER OF THE STRING TO BE REPLACED
90 PUSH 0 ¢REM BASE STRING NUMBER

100 CALL €5 ¢:REM INVCKE REPLACE STRING IN STRING ROUTINE

110 PRINT "AFTER: $0=",$(0)

12C END

RUN

BEFORE: $0=RED-LINES
AFTER: $0=BLUE-LINES
READY
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4.9.4.5 Insert String in a String (CALL €6)

This routine will insert a string within another string. The call expects
three arguments. The first argument is the position at which to begin the
insert. The second argument is the string number of the string to be inserted
into the base string. The third argument is the string number of the base
string. This routine has no return arguments. It is similar to the MID$ in
some BASICs.

10 REM SAMPLE RCUTINE TC INSERT A STRING IN A STRING
20 STRING 500,15

30 $(0)="1234590"
40 $(1)="67890 PRINT "BEFORE: $0=",%(0)

60 PUSH 6 ¢REM POSITICN TO START THE INSERT

70 PUSH 1 :REM STRING NUMBER CF THE STRING TO BE INSERTED
80 PUSH 0 ¢REM BASE STRING NUMBER

90 CALL 66 ¢REM INVOKE INSERT A STRING IN A STRING

91 REM ¢REM ROUTINE

100 PRINT "AFTER: $0=",$(0)

110 END

RUN

BEFORE: $0=1234590
AFTER: $0=123456789090
READY

4.9.4.6 Delete String from a String (CALL €7)

This routine will delete a string from within another string. The call expects
two arguments. The first argument is the base string number. The second is
the string number of the string to be deleted from the base string. This
routine has no return arguments.

Note: This routine will only delete the first occurrence of the string to be
deleted.

10 REM ROUTINE TO DELETE A STRING IN A STRING

20 STRING 200,14

20 $(1)="123456789012"

4o ¢(2)=m12n

5C PRINT "BEFORE: ¢$1=",$(1)

60 PUSH 1 *REM BASE STRING NUMBER

70 PUSH 2 ¢REM STRING NUMBER OF THE STRING TO BE DELETED
80 CALL 67 ¢REM INVOKE STRING DELETE ROUTINE

90 PRINT "AFTER: $1=",%(1)

100 END

RUN

BEFCRE: $1=123456789012
AFTER: $1=3456789012

READY
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4,9,4,7 Determine Length of a String (CALL 68)

This routine will determine the length of a string. One input argument is
expected. This is the string number upon which this routine acts. One output
argument is required. It is the actual number of non=carriage return (CR)
characters in this string. This is similar to the BRASIC command LEN(str$).
(Ex. L=LEN($1))

10 REM Sample of string length
20 STRING 100,10
30 $(1)="1224567"

4o PUSH 1 ¢REM BASE STRING

50 CALL 6¢8 ¢REM INVOKE STRING LENGTH ROUTINE
60 POP L :RFM GET LENGTH OF BASE STRING

70 PRINT "THE LENGTH OF ",$(1)," IS ",L

80 END

RUN

THE LENGTH OF 1234567 IS 7

READY

4,10 Memory Support Calls
4.10.1 ROM to RAM Program Transfer CALL 7C

This routine will shift program execution from a running ROM program to the
beginning of the RAM program. Variables are shared. No arguments PUSHed or
POPed.

IMPORTANT: The first line of the RAM program will not be executed. We recommend
that you make it a remark.

Example:

ROM #5

10 REM SAMPLE RCM PROG FOR CALL 70

20 PRINT "NOW EXECUTING RCM #5"

20 CALL 70 :REM GO EXECUTE RAM

4o END

RAM

10 REM SAMPLE RAM PROGRAM FOR CALL 70
20 PRINT "NOW EXECUTING RAM"

30 END

>RUN

NOW EXECUTING ROM #5
NOW EXECUTING RAM
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4.10.2 ROM/RAM to ROM Program Transfer CALL 71

This routine will transfer from a running RCM or RAM program to the beginning
of any available ROM program. One argument is PUSHed - which ROM program,

None are PCPed. An invalid program error will be displayed and the command mode
will be entered if the ROM # does not exist.

IMPORTANT: The first line of the ROM program will not be executed. We
recommend that you make it a remark.

Example:

10 REM THIS RCUTINE WILL CALL AND EXECUTE A ROM ROUTINE
20 INPUT "ENTER ROM ROUTINE TO EXECUTE ", N

30 PUSH N

4o CALL 71

50 END

>RUN
ENTER ROM ROUTINE TC EXECUTE 4

The user is now executing RCM U4 if it exists. If the ROM routine requested did
not exist the result would be:

PROGRAM NOT FOUND.
READY
>

4,10.3 RAM/ROM Return CALL 72

This routine will allow you to return to the ROM or RAM routine that called
this ROM or RAM routine. Execution will begin on the line following the line
that CALLed the routine. No arguments are PUSHed or POPed. This routine will

only work one layer deep; you may only go back to the last CALLing program's
next line.

Note: There must be a next line for the program to return to, otherwise
unpredictable events could occur which may destroy the contents of RAM, For
this reason always be sure that at least one END statement exists following a
Call 70 or T1.

Example:
ROM #1

10 REM SAMPLE PROG FCR CALL 72

20 PRINT "NOW EXECUTING ROM i1

20 PUSH 3

40 CALL 71 :REM EXECUTE RCM #3 THEN RETURN
50 PRINT "EXECUTING ROM #1 AGAIN"

60 END

ROM #3
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10 REM THIS LINE WONT BE EXECUTED
20 PRINT "NOW EYECUTING RCM #3"
30 CALL 72

40 END

With RCM #1 selected:

RUN

NOW EXECUTING RCM {1
NOW EXECUTING ROM #3
EXECUTING RCM #1 AGAIN

READY

>

4,10.4 Battery-backed RAM Disable CALL 73

This disables the battery-backed RAM, allowing a purging reset.

4,10.5 Rattery-backed RAM Enable CALL T4

This enables the battery-backed RAM, It is disabled on power-up, SO you must
enable the battery-backed RAM in order for it to work. There are no PUSHes or

POPs. It will remain enabled until you execute a CALL 73 or until the battery
goes dead.

Note: In addition to executing a CALL T4, you must enter RUM mode prior to
powering the module down in order to enable the battery-backed RAM.

Page 4-65



Chapter 5-1771-DR BRlock Transfer Programming
5.1 Objectives

In this chapter you will learn how to interface the 1771-DB module to your PLC.
This chapter will outline the BASIC programming and ladder logic required for
this interface. Fxample BASIC programs demonstrating the 1771-DB's capability,
will also be shown. Be sure that the module has been installed and initialized
as explained in sections 3.2.5 and 23.2.6.

5.2 Concept Behind BASIC Module Block Transfer with a PLC

Your BASIC module communicates with any processor that has block transfer
capability. Your ladder logic program and BASIC program must work together to
achieve proper communications between the module and processor.

The following description explains how the BASIC module reacts to block
transfer read and write requests from the PLC. As explained in chapter 4, you
must do a CALL in the 1771-DR to complete the block transfer requested in the
PLC ladder logic. The balance of the 1771-DB's response to block transfer
requests is transparent to the user but is provided to allow a better
understanding of the PASIC modules operation.

The DP module essentially consists of two buffers . These are the BASIC side
buffer and the block transfer (BT) side buffer. The two buffers on the module
are linked together via the data transfer routines, CALL 2 and CALL 6 for a
write or CALL 3 and CALL 7 for a read. These routines transfer data between the
two buffers located in the module. Refer to figure 5.1.

The sequence of events to complete a block transfer read (RTR) with the
processor is as follows: When a CALL 2 or 7 is executed, the BT processor on
the module is informed that there is a data transfer pending. Following the
next block transfer read (BTR) or block transfer write (BTW) attempt by the
PLC, the BT processor will move the data from the EASIC read buffer to the PTR
buffer. At this time the CALL 2 or 7 routine is satisfied and the BASIC program
will continue. Note that the data transferred by the CALL 2 or 7 has not yet
been sent to the PLC and that until a request is received from the PLC the
PASIC line execution has stopped until another request is received or the CALL
times out. The next BTR request from the PLC will transfer the data from the
BTR buffer in the 1771-DB to the PLC. Hence, it requires two block transfers to
get data to the PLC.

Tt should be noted that if a BTR is requested by the PLC and the BASIC read
buffer was never loaded, -- such as following powerup =-- then no data transfer
will occur. This situation would only occur prior to the first CALL 2 or 7.
Once data has been entered into the buffer, BTR's will always be allowed.

The PTW sequence is somewhat different than the PTR. Assume that a BTW has been
done with the BASIC module and that valid data exists in the BTW buffer on the
1771-DB. When a CALL 3 or 6 is executed, the RT processor is informed that a
data transfer is pending. Following the next BTR or BTV attempt, the BT
processor will move the data from the BRTW buffer to the BASIC buffer. This will
satisfy the CALL 3 or 6 routine and the BASIC program will continue.
Conversely, if there was no data previously written to the module, then no data
transfer will occur. In this case, the module will wait until a BTW occurs
before the CALL 3 or 6 routine will be satisfied and the RAZTC program will
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continue. Cnce a PTW occurs between the PLC and the PASIC module, any further

BTW's with it are locked out until that data is transferred to the RASIC write
buffer via a CALL 2 or € routine. This will prevent the PLC from writing data

to the BASIC module when the module is not ready for it,

There will be instances where doing a BTW with the BASIC module has satisfied a
CALL 2 or 7 read transfer and a BTR has satisfied a CALL 3 or € write transfer.
It can be seen from the above explanations, that this situsation is normal
operation. This is due to the fact that data is transferred within the module
at the end of a block transfer attempt. Therefore, if a block transfer read or
write is attempted (it doesn't have to be completed successfully) the data
transfer sequence will be executed.

5.3 Block Transfer Programming

The BASIC module is a bi-directional block transfer module. Pi-directional
block transfer is the performance of both read and write operations. Although
the BASIC module can perform both read and write operations, the module does
not allow the enable bit of both the read and write instructions to be set at
the same time. Your program must toggle request for the read and write
instructions as shown in the sample program.

5.3.1 PLC=2 Family Processors

You transfer data from your module to the processor data table with a block
transfer read instruction and from the processor data table with a block
transfer write instruction. In addition to your ladder logic programming, you
must program your BASIC module to receive and transmit data via block transfer
with various CALL routines.

5.3.1.1 Sample Programming--Single Data Set

This sample program assumes that you can fit all needed data into one block
transfer read file and one block transfer write file.

A sample ladder logic segment and corresponding RASIC
program are shown in figures 5.2, and 5.3 and described in the following
paragraphs.

Sample ladder logic action
Rungs 1 and 2

The first two rungs of the sample program toggle the requests for write block

transfers (BTW) and read block transfers (BTR). The BTW instruction in rung 1

sends data from the PLC to the BASIC modules BTW buffer (refer to figure 5.1).
The BTR instruction in rung 2, sends data from the BASIC modules BTR buffer tc
the PLC (refer to figure 5.1).

Rung 3
When a read block transfer has been successfully completed, it's done bit is
set, enabling the file-to=file move instruction. The read block transfer data
file is then moved into a storage data file. This prevents the PLC from
receiving invalid data should a block transfer communication fault occur.
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In the sample program shown in fig 5.2, we made the following assumptions for
demonstration purposes. Program your block instructions to meet your system
requirements.

Module location: rack 1, group 2, slot 1

-

Fi;st available counter address: 030

Write data file length: 10 (i.e. 10 values sent to the DR)
Read data file length: 2 (i.e. 2 values sent from the DB)
Write data file: 200-311

Read data file: U400-L01

Storage file (read data): 1000-1001

Sample BASIC Program Action

Lines 10 and 2C set up the BTW and BTR lengths respectively. The value PUSHed
represents the number of words in the block transfer file.

Note: The block length in the block transfer instruction must match the value
PUSHed in the BASIC program. If you use the default length (00), the BASIC
module will expect a 64 word block transfer.

Line 40 is the data transfer write routine. This routine will wait for a BTW to
occur. Lines 50 through 59 will PUSH the PASIC write buffer position, CALL a
conversion routine (in this case CALL 10: AB 3-digit signed BCD to internal
floating point) and PCP the converted values into variables A through J. At
this point the data sent from the PLC is now ready to be manipulated and/or
formatted for a report, etc. by your BASIC program. For demonstration purposes,
line 100 will calculate the sum and the average of the ten numbers sent to the
BASIC module. Lines 110 and 120 will load the BASIC read buffer by PUSHing the
variable, PUSHing the buffer word position, and CALLing a conversion routine
(in this case CALL 20: Internal floating point to AB 3-digit signed BRCD). Line
130 will display the values returned on a single line of a terminal connected
to the program port. Line 140 performs a data transfer read with the BT
circuitry of the BASIC module. Line 150 will repeat the procedure. Control-C is
required to exit this program.
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5.2.1.2 Sample Programming-Multiple Data Sets

The BASIC module will be able to accommodate multiple data sets (i.e. several
screens for operator interfaces). The use of a data or block ID is required to
determine which PLC file was sent to the 1771-DB and where a returned file
should be stored in the PLC. A sample program, set up for three sets of data,
is shown in figure 5.4 and explained in the following paragraphs.

Sample Ladder Logic Action

The first two rungs of the sample program toggle the requests for write block
transfers (BTW) and read block transfers (BTR). The write block transfer
instruction in rung one sends data from the PLC to the PASIC modules PTW
buffer. The read block transfer instruction in rung two sends data from the
BASIC modules BTR buffer to the PLC (refer to figure 5.1).

Rungs 3 through 7 sequence the write data to the module. Based on the count of
the CTU (rung 3) a different file is sent to the BASIC module (rungs 5 through
7). The CTU's accumulated value is incremented by the BTW done bit. The preset
value of the CTU should equal the number of data sets to be sent plus one. The
first word of each of these files should be a block ID that is echoed back in
the first read file word (400 in our example).

Rungs 8 through 10 sequence the read data from the BASIC module into proper PLC
files. The block ID is used for this purpose. In our example, the block ID is
the number of the data transfer (i.e. 1 through 3). Ry examining word 400, we
move the data to the proper file.

When you use this method, remember the following points. All the dats blocks
utilize the same BTR and BTW instructions. Make the block lengths equal to the
largest files to be transmitted and received. While this will leave you with
unused data table words, it will keep the ladder logic relatively simple. We
recommend placing zero's in all unused data table words.

The BASIC program will be as shown in figure 5.5. The program operates as the
single data set program does with the following additions.

Line 50 PUSH 1: CALL 10: POP S
In this line the EASIC program assigns the block ID to the variable S.
Line 100 ON S GOTO 40,200,300,400

The BASIC program examines £ and goes to the appropriate subroutine for the
data set sent to the BASIC module.
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Figure 5-1

Simplified Structure of the BASIC Module W/Buffer Locations and Transter Information



I 013 113 T LT + 013 |

+-J/0--=1/[=mmmmr e e e — - + BLOCK XFER WRITE +4--(EN)--+
| 17 16 IDATA ADDR? 00301 16 1
| IMODULE ADDR? 1311 |
I IBLOCK LENGTH? 101 113 |
1 IFILE? 0300~ 03114--(DN)--+
1 e atntadad e + 16 1|
I 013 113 e bl D LD Dt + 013 | -
R VASL R VAR Ll D D e L + BLOCK XFER READ +-=-(EN)--+
| 16 17 IDATA ADDR? 00311 17 1
| IMODULE ADDR? 1311 ' |
| IBLOCK LENGTH? 21 113 1|
| IFILE 0400~ 0401+4--(DN)-~-%
| e ettt + 17 1
I 113 e it + 033 |
+-] [--=----mm e r e c e + FILE TO FILE MOVE +--(EN)--%
l 17 ICOUNTER ADDR:? 0331 17 1
[ IPOSITION? 0011 |
| IFILE LENGTH? 0021 033 |
| IFILE At 0400~ 0401+4--(DN)--+%
| IFILE R? 1000- 10011 15 1
I IRATE PER SCAN: 0021 |
i e et et + |
Figure 5.2

PLC-2 Family Sample Ladder Logic Structure - Single Data Set



PUSH10 ¢ CALL
PUSH 2 ¢ CALL 5

REM SET UP COMPLETE. GET THE WRITE DATA
REM DO WRITE DATA TRANSFER

CALL
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

00 09 ©© ©0 °0 O S0 SO 00 0O

VOBNCUD GIN = O

10 ¢ CALL 10
REM ALL DATA IS IN.

4

10
10
10
10
10
10
10
10
10

$

O 00 20 00 00 ©¢ €O

oo

POP
POP
POP
POP
POP
POP
POP
POP
POP

~IQTMMoOwD

POP J

CALCULATE RESULTS AND SEND TO THE PLC

T=A+B+C+D+E+F+G+H+I+J

PUSH
PUSH

PRINT

CALL
GOTO

T ¢ PUSH
V { PUSH

7
40

Figure 5.3

Sample BASIC Program for Block Transfer - Single Data Set

i
2

CALL 20
CALL 20
"SENDING BACK DATA! SUM =°,Ty"AVE=°,V,"®



LADDER DIAGRAM DUMP

START

! !

I 013 113 i o e e + 013 |
+=1/[=-==]/[-==mmmemm e e e + BLOCK XFER WRITE +4--(EN)--+4
l 17 16 IDATA ADDR? 00301 16 |
| |MODULE ADDR? 1311 |
| IBLOCK LENGTH!? 101 113 |
| IFILES 0300~ 03114--(DN)--+
| i e el + 16 |
1 013 113 2 P — e ——— + 013 |
+-1/0---1/[-=—mmrmrrr e e e e = + BLOCK XFER READ +=-~-(EN)--%
l 16 17 IDATA ADDR: 00311 17 1
| | MODULE ADDR? 1311 |
| I BLOCK LENGTH? 031 113 |
I WRT IFILE? 0400- 04114--(DN)--¢
IDN BIT R + 17 1
I 113 3 l 0066 1|
4= [omm o m oo e o e e e e e e e (CTU) -+
| 146 ]
| PR 004 |
| AC 003 |
| |
I 046 4 0046 |
4= [emm e e e e e e e e (CTR) -4
I iS5 |
| PR 004 |
I CTU AC 000 |
| ALL STORE1 I
I 0046 1300 S R L L + 0047 |
$-[6)==-[=)mm e e e e e | FILE TO FILE MOVE +--(EN)--+
I 001 001 ICOUNTER ADDR: 0047 17 |
| IPOSITION? 0101 [
| IFILE LENGBTH? 0101 0047 |
| IFILE A i000- 101i4~--(DN)--+
| IFILE RS 0300- 03111 15 |
| CTU IRATE PER SCAN: 0101 I
| ALL STORE2 R Bl ol ettt + |
I 00446 1301 é L D e L LT + 0050 |
+-L[6)---[=]--—~—rmmrmr e e c e e - | FILE TO FILE MOVE +--(EN)--+%+
I 002 002 ICOUNTER ADDR: 00501 17 1
| IPOSITION? 0011 |
| IFILE LENGTHS 0101 00350 |
| IFILE A 1100- 11114--(DN)--+
! IFILE R? 0300~ 03111 i5 1|
| IRATE PER SCAN! 0101 |
I e e e LT + I

Figure 5.4

PLC-2 Family Sample Ladder Logic Structure —Multiple Data Set



I CTU
I ALL STORE3
I 0046 1302

L - B E e e P

$-[6]===[=]=mmmmmmm e o e m e e e e e

I 003 003

|

I

I

|

| DYN

IBLOCK STORE1
I 0400 1300
I 001 001

I

!

I

I

I DYN

IBLOCK STORE2
I 0400 1301
I 002 002

I

I

I

I

I DYN

IBLOCK STORE3
| 0400 1302

$-[6)-—-[=Jmmmmmm oo e

I 003 003

Figure 5.4 (cont.)

T R —— + 0051

I
!
|
I FILE TO FILE MOVE 4--(EN)--+
ICOUNTER ADDR! 00511 17 1
IPOSITION: _ 0011 |
IFILE LENGTHT 0101 0051 |
IFILE A?! 1200- 12114--(DN)--+

IFILE R? 0300- 03111 15 1
IRATE PER SCAN: 0101 I

dom e 1 |
dmmm e + 0052 |
| FILE TO FILE MOVE +--(EN)--+
ICOUNTER ADDR: 00521 17 |
IPOSITIONS 0011 I
IFILE LENGTH! 0031 0052 |
IFILE A3 0400- 0402+--(DN)--+
IFILE R: 1400~ 14021 15 |
IRATE PER SCAN: 0031 |
fommm e + I
pmmm e + 0053 |
| FILE TO FILE MOVE +--(EN)--+
ICOUNTER ADDR: 00531 17 1
IPOSITION: 0011 I

IFILE LENGTH? 0031 0053 |
IFILE A? 0400~ 0402+--(DN)--+
IFILE R? 1500-13021 15 1
IRATE PER SCANZ 0101 |

$ommm e + |
$mmmmm e + 0054 |
| FILE TO FILE MOVE +--(EN)--+
ICOUNTER ADDR: 00541 17 1
IPOSITIONS 0011 |

IFILE LENGTH? 0031 0054 |
IFILE A? 0400- 0402+--(DN)~--+¢
IFILE R? 1600~ 16021 15 1
IRATE PER SCAN! 0101 !

pommm e + |

PLC-2 Family Sample Ladder Logic Structure —Multiple Data Set



10
20
30
40
30

52
53

55
36
37
58
59
90
100
200
210
220
230
240
250
300

PUSH 10 ¢ CALL 4 ¢! REM SET THE BTW LENGTH
PUSH 3 ¢ CALL S ¢ REM SET THE BTR LENGTH
REM SET-UP COMPLETE. GET THE WRITE DATA

CALL 6 ¢ DO BLOCK TRANSFER UWRITE

PUSH 1 ¢ CALL 10 ¢ POP S8 ¢ REM LOAD DATAy» COVERT» ASSIGN VARIABLE
PUSH 2 ¢ CALL 10 ¢ POP A

PUSH 3 ¢ CALL 10 ¢ POP B

PUSH 4 ¢ CALL 10 ¢ POP C

PUSH S ¢ CALL 10 ¢ POP D

PUSH 6 ¢ CALL 10 ¢ POP E

PUSH 7 ¢ CALL 10 ! POP F

PUSH 8 ¢ CALL 10 ! POP G

PUSH 9 ¢ CALL 10 ¢ POP H

PUSH 10 ¢ CALL 10 ¢ POP I

REM ALL DATA IS IN. CALCULATE RESULTS AND SEND TO THE PRINTER

ON S GOTO,» 40y 200, 300» 400 ¢ REM GOTO A SUBROUTINE BASED ON ID VALUE
T=A+B+C+D+E+F+G+H+I ¢ V=T/10 ¢ REM DO CALCULATIONS

PUSH S ¢ PUSH 1 ¢ CALL 20 ¢ REM CONVERT ID AND LOAD IN BTR WORD 1

PUSH T ¢ PUSH 2 CALL 30 ¢ REM CONVERT SUM AND LOAD IN BTR WORD 2
PUSH V ¢ PUSH 3 CALL 20 ¢ REM CONVERT AVE. AND LOAD IN BTR WORD 3
PRINT ¢ °SENDING BACK DATA ¢ SUM =°sTy"AVE="»V,s°"DATA ID="s55" “»CRy
GOTO 600

*e oo @

USER WRITTEN SUB-ROUTINE

GOTO 600

USER WRITTEN SUB-ROUTINE

GOTO 600
CALL 7 ¢ REM DO A BLOCK TRANSFER READ

GOTO 40 ¢ REM REPEAT THE PROCEDURE
END

Figure 5.5
Sample BASIC Program for Block Transfer - Multiple Data Set



Chapter 6 Data Types

6.1 Objectives

In this chapter the data types and formats used by the 1771-DB Data Conversion
CALL routines are explained. After reading this chapter you should be able to
interpret and manipulate the data values generated by the 1771-DBR module.

6.2 Cutput Data Types
You can output the following data types from the 1771-DB module:

16-bit binary (XX¥¥X)

3-digit, signed, fixed decimal RCD (+ xXXX.)
4-digit, unsigned, fixed decimal RCD ( XXXX.)
b-digit, signed, octal (+ xXXXX)

6-digit, signed, fixed decimal BCD (+ xXXXXXX.)
3.3-digit, signed, fixed decimal BCD (+ xXX¥X.X¥X)

O OO0 0 0O

X = sign bit or don't care
6.2.1 16-bit Binary (U4 Hex Digits)

This value requires one word of the PC data table. The data is represented by
16 straight binary bits (figure 6-1). The value ranges from 0 to 65,525. No
sign, overflow or underflow bits are affected or decoded. An attempt to use a
value larger than 65,535 or a negative number will yield a BAD ARGUMENT error.

6.2.2 3-digit, Signed, Fixed Decimal PBCD

This value requires one word of the PC data table. The data is represented by
a 3-digit binary coded decimal integer (figure 6-2). Overflow, underflow, and
sign are also indicated. An underflow or overflow condition sets the
appropriate bit and a value of 00C is returned. The value ranges from =999 to
+999, Fractional portions of any number used with the routine will be
truncated.

6.2.2 U-digit, Unsigned, Fixed Decimal RCD

This value requires one word of the PC data table. The data is represented by
a U-digit BCD integer (figure 6-3). The value ranges from C -9999. There is no
indication of sign, underflow, or overflow. However, if a value of greater

- than 9999 is converted, the value reported is C000. Fractional portions of any
number used with the routine will be truncated.

6.2.4 4-digit, Signed, Octal

This value requires one word of the PC data table. The data is represented by
a Y4-digit octal integer (figure 6-=4)., The value ranges from :77778 (+4095) .
Overflow, underflow, and sign are also indicated. If an overflow or underflow
condition exists, the appropriate bit is set and the value of 000C is reported.
Fractional portions of any number used in this routine will be truncated.’
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6.2.5 6-digit, Signed, Fixed Decimal RCD

This value requires two words of the PC data table, The first word contains
overflow, underflow, and sign data and the three most significant digits of the
6-digit ECD integer. The second word contains the lower three digits of the
value (figure €-5). The value ranges from =-999999 to +999999, If an overflow
or underflow condition exists, the appropriate bit is set and a value of 000000
is reported. Fractional portions of any number used with this routine will be
truncated.

6.2.6 3.3=-digit, Signed, Fixed Decimal BCD

This value requires two words of the PC data table. The first word contains
the overflow, underflow, sign data, and the three most significant digits of
the value. The second word contains the lower three digits of the value
(figure 6-6). The value ranges from =999.999 to +999.999. If an overflow or
underflow condition exists, a value of 000.000 is reported and the appropriate
bit is set. Any digits more than 3 places to the right of the decimal point
will be truncated.

€.2 Input Data Types

The 1771-DB interfaces with the PLC-2 and PLC=3 family processors. You can
send the following data types to the 1771=DB module:

16=bit binary (4 Hex digits) (XXXX)

3-digit, signed, fixed decimal BCD (+ xXXX.)
4-digit, unsigned, fixed decimal BCD (XXXX.)
4-digit, signed, octal (+ xXXXX.)

6-digit, signed, fixed decimal BCD (+ xXXXXXX)

O 000 O

These data formats are the same as those described for output data types with
the exception of 2.3 digit BCD which cannot be input to the 1771-DB. Refer to
sections 6.2.1 through 6.2.5.

The 1771-DB module converts the data looking at the sign bit when applicable.
Refer to the programming manual for your processor for the proper data formats.
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17

16

15

14

13

12

11 10 07 06 05 04 03 02 O1

00

—V

Binary Value

Figure 6-1
16 Bit Binary Word



17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

A A A A | ®
{ 4 l D3 { D2 | D1 \ )
| | Implied
\ ! \/ i / decimal point
BCD Value
L. not used
underflow bit (1 = value is fractional and between +1 and -1
(ie. +.999 to -.999))
— sign bit (1 = negative; 0 = positive)
L overflow bit (1 = value >+999)

Figure 6-2
Truncated 3-Digit BCD Integer



17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

@
| | .
\ | | j decimal point
BCD Value
Figure 6-3

Truncated 4-Digit BCD Integer



1716 15 34 13 12 11 10 07 06 05 04 03 02 01 00

A A A A s | D3 ®
4 | | { b2 I D1 Nimplied
\ ! : ! decimal
V point
Octal Value
L. not used
underflow bit (1 = value is fractional and between +1 and-1
(ie. +.999 to -.999))
sign bit (1 = negative; 0 = positive)

L overflow bit (1 = value >+4095)

Figure 6-4
Truncated 4-Digit Octal Integer



17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

A A A} A; [ ]
D6 I D5 I D4 Word 1

Upper Half BCD Value

— not used

underflow bit (1= value is fractional and between +1 and -1
(ie. +.999 to -.999))

sign (1 = negative; 0 = positive)

t——————— overflow bit (1 = value >+999999)

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

Word 2
I | ®

I
Notused | D3 | D2 i D1 AN
[ I _/ Implied

VA Decimal Point

Lower Half BCD Value

Figure 6-5
Truncated 6-Digit BCD Integer



17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

Word 1
A A A A [ I ®
M D6 | D5 | D4 \
o | | J Implied
\/ Decimal Point
Upper Half BCD Value
— not used
underflow bit (1 = value smaller than +.001 (ie .0002))
sign (1 = negative; 0 = positive)
overflow bit (1= value >+999.999)
17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00
Word 2

|
Not used | D3 ] D2 ] D1

Lower Half BCD Value

Figure 6-6
Truncated 3-Digit BCD



Chapter 7 Editing A Procedure

7.1 Objectives

After reading this chapter you should be able to make
corrections or modifications to your BASIC programs using the editing features
presented.

7.2 Entering the Edit Mode

To invoke the edit mode, type EDIT and the line number of the line to edit,
i.e. >EDIT 10. The following features are available in the edit mode.

right/left cursor control
replace a character(s)

o)
o)
o delete a character
o retype a line

7.2 Editing Commands/Features
7.3.1 Move

The move feature provides right/left cursor control. The space bar moves the
cursor one space to the right. The [RUB CUT](DELETE) key moves the cursor one
space to the left.

T.3.2 Replace

The replace feature allows you to replace the character at the cursor position.
Simply type the new character over the previous one.

7.3.3 Insert

The insert command is invoked by typing [CTRLJA, This command inserts text at
the cursor position. You must type a second [CTRL]A to terminate the insert.
Note: When the insert is used, all text to the right of the cursor will
disappear until the second [CTRLJA is typed. A total line length of 72
characters still applies.

7.3.4 Delete

The delete command is invoked by typing [CTRL]D. This command deletes the
character at the cursor position.

T.2.5 Retype

Retype is invoked by typing the [RETURN] key. This feature retypes the line and
jnitializes the cursor to the first character.

7.3.6 Exits
The exit command is invoked by typing [CTRL]Q or [CTRL]C. [CTRLIQ

exits the editor and replaces the old file with the edited file. [CTRLIC exits
the editor with no changes made to the file.

Page T7-1



7.3.7 Renumber

The renumber command is invoked by typing REN or

REN[NUMJon the screen. Ten is

the default value.This command will renumber your program, starting with the
number specified or the default value, in increments of the number specified or

the default value.

Note: The renumber command will update the destination of GOSUB, GOTO, and CN

GOTO statements.

Example:

REN 2C will renumber a program beginning with 20 in increments of 20.

REN will renumber a program beginning with 10 in
value).

7.4 Editing A Simple Procedure
The following is an example of using the editor:
Screen Action

>LIST

10 REM

20 FOR I = 1 TO €
20 PRINT I

LO NEXT T

READY

> .
- Type EDIT 2C then [RETURN]
>EDIT 20

>20 FOR T = 1 TO 6

increments of 10 (the default

- Press the space bar 18 times to get the
cursor on 6 (MOVE right feature)

- Type 9 to change 6 to 9
(REPLACE feature)

- Press [CTRLJA (INSERT command)
- Press space bar once, type STEP, press

space bar once, type 2

- Press {CTRLJ]A to exit the insert
- Press [CTRLIC to exit the editor with

the changes accepted
READY

>
type LIST then [RETURN]

>LIST

10 REM
20 FCR I = 1 TC 9 STEP 2

2C PRINT I,
40 NEXT I

READY
>
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Chapter & Error Messages

8.1 Cbjectives

In this chapter we will explain error messages, the disabling of control-C,
and anomalies.

8.2 Error Messages

The 1771=-DR has a relatively sophisticated ERROR processor. When BASIC

is in the RUN mode the generalized form of the ERRCR message is as
follows:

ERRCOR: XX¥ -~ IN LINE YYY

YYY RASIC STATEMENT
Where XXX is the ERROR TYPE and YYY is the line number of the program in
which the error occurred. A specific example is:

ERRCR: BAD SYNTAX - IN LINE 10

10 PRINT 34%21%
X

The X signifies approximately where the ERROR occurred in the line
number. The specific location of the X may be off by one or two
characters or expressions depending on the type of error and where the
error occurred in the program. If an ERROR occurs in the CCMMAND MODE
only the ERRCR TYPE will be printed out NOT the Line number. This makes
sense, because there are no line numbers in the COMMAND MODE. The ERROR
TYPES are as follows:

BAD SYNTAX

A BAD SYNTAX error means that either an invalid 1771-DB command,
statement, or operator was entered and BASIC cannot process the entry.

The user should check and make sure that everything was typed in
correctly.
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BAD ARGUMENT

When the argument of an operator is not within the limits of the
operator a BAD ARGUMENT error will be generated. For instance, SCR(=12)
would generate a PAD ARGUMENT error because the value of the SOR
operator is limited to positive numbers.

ARITH. UNDERFLOW

If the result of an arithmetic operation exceeds the lower limit of a
1771-DB floating point number, an ARITH., UNDERFLCW error will occur.
The smallest floating point number in the 1771-DB is +/- 1E-127. For
instance, 1E-80/1E+80 would cause an ARITH. UNDERFLCW error.

ARITH. CVERFLOW

If the result of an arithmetic operation exceeds the upper limit of a
1771-DE floating point number, an ARITH., OVERFLCW will occur. The
largest floating point number in the 1771-DE is +/-.99999999FE+127. For
instance, 1E+70%*1E+70 would cause an ARITH. OVERFLOW error.

PIVIDE BY ZERO

If you attempt to divide by zero i.e. 12/0, a DIVIDE RY ZERO error appears.

ILLEGAL DIRECT

Some statements, such as FOR-NEXT and DATA cannot be executed while the
1771-DB device is in the COMMAND mode. If you attempt to execute
one of these statements the message ERROR: ILLEGAL DIRECT will be

printed to the console device.

LINE TOO LCNG

If you type in a line that contains more than 73 characters the message
ERRCR: LINE TOO LONG will be printed to the console device. The
1771=DB's input buffer can only handle up to 72 characters.

NQ DATA
If a READ STATEMENT is executed and no DATA STATEMENT exists or all DATA

has been read and a RESTORE instruction was not executed the message
ERRCR: NO DATA - IN LINE XXX will be printed to the console device.
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CAN'T CONTINUE

Program execution can be halted by either typing in a control-C to the
console device or by executing a STOP statement. Normally, program
execution can be resumed by typing in the CONT command. However, if you

edit the program after halting execution and then enter the CONT
command, a CAN'T CONTINUE error will be generated. A control-C must be

typed during program execution or a STOP statement must be executed
before the CONT command will work.

PROGRAMMING

If an error occurs while the 1771-DB device is programming an FPROM, a
PROGRAMMING error will be generated. An error encountered during
programming destroys the EPROM file structure, so you cannot save any more
programs on that particular EPROM once a PROGRAMMING error occurs. If the
EPROM size is exceeded, the previously stored program may be partially

altered. See section 4.2.13 on how to determine the amount of space that is
available in RAM.

A-STACK

An A-STACK (ARGUMENT STACK) error occurs when the argument stack pointer

is forced "out of bounds". This can happen if you overflow the
argument stack by PUSHing too many expressions onto the stack, or by

attempting to POP data off the stack when no data is present.

C-STACK

A C-STACK (CCNTROL STACK) error will occur if the control stack pointer

is forced "out of bounds". 158 bytes of external memory are allocated

for the control stack, FOR - NEXT loops reguire 17 bytes of control

stack DO - UNTIL, DO - WHILE, and GOSUB require 3 bytes of control

stack. This means that 9 nested FOR - NEXT loops is the maximum that

the 1771-DEB can handle because 9 times 17 equals 153. If you attempt to use
more control stack than is available in the 1771-DB, a C-STACK error will be
generated. In addition, C-STACK errors will occur if a RETURN is executed
before a GOSUB, a WHILF or UNTIL before a DO, or a NEXT before a FCR.

ARRAY SIZE

If an array is dimensioned by a DIM statement and then you attempt to
access a variable that is outside of the dimensioned bounds, an ARRAY
SIZE error will be generated.

EXAMPLE: >DIM A(10)
>PRINT A(11)

ERRCR: ARRAY STZE
READY
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MEMCRY ALLCCATICN

MEMORY ALLOCATICN errors are generated when you attempt to access
STRINGS that are "outside" the defined string limits.

8.2 - Disabling Control-C

In some applications, it may be desirable or even a requirement that
program execution not accidentally be halted. Under "normal” operation
the execution of any the 1771-DR program can be terminated by typing a
"control-C" on the console device. However, it is possible to disable
the "control=C" break function in the 1771=DE. This is accomplished by
setting bit 48 (30H) to a one. Bit 48 is located in internal memory
location 38 (2€H). This bit may be set by executing the following
statement in a 1771-DB program or from the command mode:

DBY(38) = DBY(38).CR.C1H

Once this bit is set to a one, the control-C break function, for both
LIST and RUN operations will be disabled.

To re-enable the control-C function, execute the following statement in a
1771-DBR  program or from the command mode.

DBY(38) = DBY(38).AND.CFEH
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8.4 ~ Anomalies

Most dictionaries define an anomaly as a deviation from the normal or
common order or as an irregularity. Anomalies to an extreme become
"BUGS" or something that is wrong with the program. Like all programs,
the 1771-DB contains some anomalies, hopefully, no bugs. The purpose
of mentioning the known anomalies here is that it may save the
programmer some time, should strange things happen during program
execution. The known anomalies deal mainly with the way the 1771-DR
compacts or tokenizes the BASIC program. The known anomalies and
cautions are as follows:

1) When using the variable H after a line number, make sure you put a

space between the line number and the H, or else BASIC will assume that
the line number is a HEX number.

Examples:  >20H=10 (WRONG) >20 H=10  (RIGHT)
>LIST SLIST
32 =10 20 H=10

2) When using the variable I before an ELSE statement, make sure you put
a space between the I and the ELSE statement, or else BASIC will assume
that the IE portion of IELSE is the special function operator IE,

This error may or may not yield a BAD SYNTAY -~ IN LINE ¥X¥ error message,
depending on the particular program it is in.

Examples: >20 IF I>10 THEN PRINT IELSE 100
>LIST
20 IF I>10 THEN PRINT IELSE 100 (WRONG)
>20 IF I>10 THEN PRINT I ELSE 100
>LIST
20 IF I>10 THEN PRINT I ELSE 100 (RIGHT)

3) A Space character may not be placed inside the ASC( ) operator. In
other words, a statement 1like PRINT ASC( ) will yield a BAD SYNTAX
ERROR. Spaces may be placed in strings however, so a statement like LET
$(1) = "HELLO, HOW ARE YOU" will work properly. The reason ASC( )
yields an error is because the 1771-DB eliminates all spaces when a
line is processed, so ASC( ) will be stored as ASC() and the 1771-DB
interprets this as an error.
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Mnemonic

ABS()
ATN()
CALL
CLEAR

CLEART

CLOCKO

CLOCK1

CONT

CONTROL C

CONTROL S

CONTROL Q

cos()

DATA

DIM

DO

END

EXP()

FOR-TO (STEP)

GET
GOSUB
GOTO

IF-THEN-ELSE

INPUT
INT()
LEN

LET
LIST
LIST#

LOG()
MTOP
NEW
NEXT
NOT()
NULL

ONERR

ON GOTO
ON GOSUB
ONTIME

PHO
PHI1

A-1

Appendix A-Quick Reference Guide
Description

ABSOLUTE VALUE

RETURNS ARCTANGENT OF ARGUMENT

CALL APPLICATION PROGRAM

CLEARS VARIABLES, INTERRUPTS, & STRINGS
CLEAR INTERRUPTS

DISABLE REAL TIME CLOCK

ENABLE REAL TIME CLOCK

CONTINUE AFTER A STOP OR CONTROL=C

STOP EXECUTION & RETURN TO COMMAND MODF
INTERRUPT A LIST COMMAND

RESTART A LIST AFTER CONTROL S

RETURNS THE COSINE OF ARGUMENT

DATA TO BE RFEAD BY READ STATEMENT
ALLOCATE MFMORY FOR ARRAY VARTABLES

SET UP LOOP FOR WHILE OR UNTIL
TERMINATE PROGRAM EXECUTION

"e" (2.7182818) TO THE X

SET UP FOR NEXT LOOP

READ CONSOLE

EXECUTF SUBROUTINFE

GOTO PROGRAM LINF NUMBER
CONDITIONAL TEST

INPUT A STRING OR VARIABLE

INTEGER

READ THE NUMBER OF BYTES OF MEMORY IN
THE CURRENT SELECTED PROGRAM

ASSIGN A VARTIABLE OR STRING A VALUE
(LET IS OPTIONAL)

LIST PROGRAM TO THE CONSOLE DEVICE

LIST PROGRAM TO SERIAL PRINTER

NATURAL LOG

READ THE LAST VALID MEMORY ADDRESS
ERASE THE PROGRAM STORED IN RAM
TEST FOR-NEXT LOOP CONDITION

ONES COMPLIMENT

SET NULL COUNT AFTER CARRTAGE RETURN=-
LINE FEED

ONER OR GOTO LINE NUMBER
CONDITIONAL GOTO

CONDITIONAL GOSUB

GFNERATE AN INTERRUPT WHEN TIME IS
EQUAL TO OR GREATER THAN ONTIME
ARGUMENT-LINE NUMBER IS AFTER COMMA

1 PRINT HEX MODE WITH ZERO SUPPRESSION

PRINT HEX MODE WITH NO ZERO SUPPRESSION

Fxample

ABS(=3)
ATN(1)
CALL 10
CLEAR
CLEART
CLOCKO
CLOCK1
CONT
CTRL C
CTRL S
CTRL Q
COs(0)
DATA 100
DIM A(20)
DO

END
EXP(10)

FOR A=1 TO &5

P.GET
GOSUB 1000
GOTO 5000

IF A<B THEN A=0

INPUT A
INT(3.2)
PRINT LFN

LET A=10

LIST
LIST 10=50

LIST#
LIST# 50
LOG(10)
PRINT MTOP
NEW
NEXT A
NOT(0)
NULL
NULL 4
ONERR 1000

oM A GOTO 5,20
OM A GOSUB 2,6
ONTIME 10, 1000

PHO.A
PHI.A



Mnemonic

PHO. #
PHI.#
PI
POP
PRINT

PRINT#

PRINT CR
PRINT SPC(5)
PRINT TAB(#)

PRINT USING(Fx)
PRINT USING(#.#)

PROG
PROG1
PROG2

PUSH
RAM

READ
REM
RESTORE
RETI
RETURN
RND

ROM

RUN
SGN

STN()
SQR()

STOP
STRING #,#

TAN()
TIME

XFER

Page

4-31
4-31
4-38
4-32
4-28

4-30
4-28
4-28
4-28
4-29
4-29
T

4e11
He11

4-31
4-8

b1y
4-33
b1y
4-34
4-20
4=37
4-8

4=y

4-37
4-38
437
4-3Y4
4-3Y4

4-39
h_np

4-9

4-35
4=35
4-36
4-36
4-36
4-36

~4-36

4-36

Appendix A-Quick Reference Guide
Description

PHO. TO LINE PRINTER

PH1.# TO LINE PRINTER

PT - 3.1415926

POP ARGUMENT STACK TO VARIABLES
PRINT VARIABLES, STRINGS OR LITERALS
P, IS SHORTHAND FOR PRINT

PRINT TO SOFTWARE SERIAL PORT

PRINT I, CR

PRINT "A", SPC(5), "B"

PRINT TAB(5), "x"

PRINT USING (F3), 1,2

PRINT USING(##.##), 1,2

SAVE THE CURRENT PROGRAM IN EPROM
SAVE BAUD RATE INFORMATION IN EPROM
SAVE BAUD RATE INFORMATION IN EPROM
AND EXECUTE PROGRAM AFTER RESET
PUSH EXPRESSIONS ON ARGUMENT STACK
EVOKE RAM MODE, CURRENT PROGRAM IN
READ/WRITE MEMORY

READ DATA TN DATA STATEMENT

REMARK

RESTORE READ POINTER

RETURN FROM INTERRUPT

RETURN FROM SURBROUTINE

RANDOM NUMBER

EVOKE ROM MODE, CURRENT PROGRAM IN
ROM/EPROM MEMORY

EXECUTE A PROGRAM

SIGN

RETURNS THE SINE OF ARGUEMENT
SQUARE ROOT

BREAK PROGRAM EXECUTION

ALLOCATE MEMORY FOR STRINGS

# BYTES TO ALLOCATE, # BYTES/STRING
RETURNS THE TANGENT OF THE ARGUMENT
RETRIEVE AND/OR ASSIGN REAL TIME
CLOCK VALUF

TRANSFER A PROGRAM FROM ROM/FPROM
TO RAM

ADDITION

DIVISION

EXPONENTATION

MULTIPLICATTON

SUBTRACTION

LOGICAL AND

LOGICAL OR

LOGICAL EXCLUSIVE OR

Example

PHO,.#A
PH1.#A

PI

POP A,B,C
PRINT A

PRINT# A

A....B

sos X

1.00E0 2,.00E0
1.00 2.00
PROG

PROG1

PROG2

PUSH10,A
RAM

READ A
REM DONF
RESTORE
RETI
RETURN
RND

ROM

ROM3

RUN
SGN(-5)
SIN(3.14)
SQR(100)
STOP
STRING 50,10

TAN(CO)
PRINT TIME
TIME=0
XFER

T1+1

10/2

2% #Y

Lxp

8=1
10.AND.5
2.0R.1
3.X0R.2



Table D.A
Decimal/Hexadecimal/Octal/ASCIll Conversion Table

Column 1 Column 2 Column 3 Column 4
DEC HEX OCT ASC DEC HEX OCT ASC DEC HEX OCT ASC DEC HEX OCT ASC

00 00 000 NUL 32 20 040 SP 64 40 100 @ 96 60 140 N
01 01 001 SOH 33 21 041 ! 65 41 101 A 97 61 141 a
02 02 002 STX 34 22 042 " 66 42 102 B 98 62 142 b
03 03 003 ETX 35 23 043 # 67 43 103 C 99 63 143 [
04 04 004 EOT 36 24 044 3 68 44 104 D 100 64 144 d
05 G5 005 ENQ 37 25 045 % 69 45 105 E 101 65 145 e
06 06 006 ACK 38 26 046 & 70 46 106 F 102 66 146 f
07 07 007 BEL 39 27 047 71 47 107 G 103 67 147 g
08 08 010 BS 40 28 050 ( 72 48 110 H 104 68 150 h
09 09 011 HT 41 29 051 ) 73 49 111 | 105 69 151 i
10 0A 012 LF 42 2A 052 * 74 4A 112 J 106 6A 152 j
11 0B 013 VT 43 2B 053 + 75 4B 113 K 107 6B 153  k
12 oC 014 FF 44 2C 054 76 4C 114 L 108 6C 154 |
13 0D 015 CR 45 2D 055 - 77 4D 115 M 109 6D 155 m
14 OE 016 SO 46 2E 056 . 78 4E 116 N 110 6E 156 n
15 oF 017 Sl 47 2F 057 / 79 4F 117 O 111 6F 157 o
16 10 020 DLE 48 30 060 0 80 50 120 P 112 70 160 p
17 11 021 DC1 49 31 061 1 81 51 121 Q 113 71 161 q
18 12 022 DC2 50 32 062 2 82 52 122 R 114 72 162 r
19 13 023 DC3 51 33 063 3 83 53 123 S 115 73 163 s
20 14 024 DC4 52 34 064 4 84 54 124 T 116 74 164 t
21 15 025 NAK 53 35 065 5 85 55 125 U 117 75 165 u
22 16 026 SYN 54 36 066 6 86 56 126V 118 76 166 v
23 17 027 ETB 55 37 067 7 87 57 127 W 119 77 167 w
24 18 030 CAN 56 38 070 8 88 58 130 X 120 78 170 x
25 19 031 EM 57 39 071 9 89 59 131 Y 121 79 171 y
26 1A 032 SuB 58 3A 072 90 5A 132 Z 122 7A 172z
27 1B 033 ESC 59 3B 073 ; 91 5B 133 [ 123 7B 173 {
28 1C 034 FS 60 3C 074 < 92 5C 134 \ 124 7C 174 |
29 1D 035 GS 61 3D 075 = 93 5D 135 ] 125 7D 175 }
30 1E 036 RS 62 3E 076 > 94 5E 136 A 126 7E 176 '~
31 1F 037 US 63 3F 077 7 95 5F 137 _ 127 7F 177 DEL
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