




























































































































































































































































































CHAPTER7

WRITELN( Thermostat Setting is °,ThermostatSetting,"C’)’

WRITELN( Temperature of collector water is
WRITELN( Temperature of tank water is
WRITELN(’Temperature of the heated tank water is

‘sInsideTemp, C”);
“sCollectorWaterTemp,"C’);
‘sTankWaterTemp, C°)J
‘sHeatedTankTemp, C°);
‘sHour,:",Minute);

WRITELN( Amount of sunlight is ‘,AmountOfSunlight)’;

69 65 1 3 END;
71 66 1 2 WRITELNS
72 67 1 2
73 68 1 2 WRITELN(’Inside temperature is
74 69 1 2
75 70 1 2
76 71 1 2
77 72 1 2 WRITELN( Time of day is
78 73 1 2
79 74 1 2 END; (*with Currentdata*)
81 75 1 1
82 76 1 1 WRITELN’
83 77 1 1 WRITELN(“Goodnight, Irene...’);
84 78 1 1 END
#**YARNING, input: "END "
***was repaired to "END ; "

8s

78

«(*ShutDouwunSystamx)

Summary Information:

PROCEDURE
SHUTDOWNSYSTEM
OPERATESYSTEM
STARTUPSYSTEM

Total

125 Lines Read.
1 Error Detected.
33% Utilization of Memory.

-RUN

Climate system

OFFSET CODE SIZE
06984 0398+ 9200
2440H 0258H 600C
03E2H 005EH 940

0A3C0H 2608D

PROGRM<cr>

is now on.

the

the

the

DATA SIZE STACK SIZE
0010H 160D
0010H 160
00101 160
CO00H 00 0030H 480

thermostat setting
inside temperature
temperature of the
temperature of the

temperature of the

in degrees Celsius:24<cr>
reading in Celsius:21<cr>
collector water in Celsius:60<cr>
tank water in Celsius:60<cr>

heated tank water in Celsius:70<cr>

the hour of day, as in 04 or 24:13<cr>
the minute of the hour, as in 01 or 59:25<cr>
the amount of sunlight, any integer will do for now:1<cr>
CURRENT DATA IS AS FOLLOWS:
Thermostat Setting is 24C
Inside temperature is 21C
Temperature of collector water is 60C
Temperature of tank water is 60C

Temperature of the heated tank water

Time

Amount of sunlight

of day is 13:25

is 1

is 70¢C

Figure 7-1. Climate Control Program Listing and Sample Run (Cont’d.)
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DEBUGGING AND EXECUTING PROGRAMS

The Climate System is now operating.

The time is 13:25

The inside temperature is 21C

The thermostat setting is 24C

Method chosen to heat the building: Solar Collector to Exchanger

Type the thermostat setting in degrees Celsius:24<cr>

Type the inside temperature reading in Celsius:22<cr>

Type the temperature of the collector water in Celsius:10<cr>
Type the temperature of the tank water in Celsius:10<cr>

Type the temperature of the heated tank water in Celsius:10<cr>
Type the hour of day, as in 04 or 24:13<cr>

Type the minute of the hour, as in 01 or 59:30<cr>

Type the amount of sunlight, any integer will do for now:0<cr>

Thermostat Setting is 24C

Inside temperature is 22C

Temperature of collector water is 10C
Temperature of tank water is 10C
Temperature of the heated tank water is 10C
Time of day is 13:30

Amount of sunlight is 0

The Climate System is now operating.

The time is 13:30

The inside temperature is 22¢C

The thermostat setting is 24C

Method chosen to heat the building: Solar Collector To Exchanger

Last chosen heating method was: Solar Collector to Exchanger
Thermostat Setting is 24C

Inside temperature is 22¢C

Temperature of collector water is 10C

Temperature of tank water is 10C

Temperature of the heated tank water is 10C

Time of day is 13:30

Amount of sunlight is 0

Goodnight, Irene...

Figure 7-1. Climate Control Program Listing and Sample Run (Cont’d.)

Obviously this book only introduces DEBUG-86. For a complete description, see the Intellec
Series Ill Microcomputer Development System Console Operating Instructions.
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CHAPTER7

USING ICE-88™, AN IN-CIRCUIT EMULATOR

The ICE-88 emulator consists of three circuit boards, a cable, a buffer box, and software on
disk. The three circuit boards fit inside your Intellec Series Ill development system, and the
cable and buffer box assembly connects your Series Ill system to your prototype hardware. A
forty-pin plug at the end of the cable plugs into your prototype system in place of your pro-
totype’s CPU, allowing the in-circuit emulator hardware to emulate all functions of your pro-
totype’s CPU. If you do not have any prototype hardware, keep the plug’s protector closed to
prevent damage to its pins.

In-circuit emulation shortens your development time in two ways. It provides symbolic debug-
ging capabilities and diagnostic hardware debugging capabilities, and it lets you borrow
resources (like memory) from your Series Ill system until your prototype system is complete.

Your program can be loaded into borrowed memory, prototype memory, or any combination of
the two, and run as if it were resident in the prototype. You can emulate program execution at
real-time speed or in single- or multiple-instruction steps. You can also stop emulation
manually at any time to examine system status, or you can specify breakpoints as you can with
DEBUG-86.

We will debug the PLMDATA module (first shown in Chapter 5) to see if it performs its port
input and interpolations correctly. We added statements (shaded in figure 7-2) to the module
that will execute the procedures. Figure 7-2 shows the listing of the compiled PLMDATA
module. ‘ i

PL/M-86 COMPILER PLMDATA PAGE

ISIS-II PL/M=86 H121 COMPILATION JF MCDULE PLMDATA
OBJECT MODULE PLACED IN PLMDZ83.03J
COMPILER. INVOKED 8Y: PLM86 PLMDE3.SRC DEBUG

w

PLMDATA: 20/

DECLARE START LABEL PUBLIC;
DECLARE (SETTING, TEMPERATURE} WIRD}

-

THERMOSTATSSETTINGISROMSPIRTS:
Formal parameters HIGH and LJW receive port numbers as actual parameters.
Input ports HIGH and LOW: Thres 3CO digits for the thermostat setting:
Port HIGH, bits 3-0: hundred’s digit
Port LOW, bits 7-4: ten’s digit
Port LOW, bits 3=J: unit’s digit
TEMPSDATASFROMSPCRTS:
Formal parameters HIGH and LOW receive port numbers as actual parameters.
Input port HIGH: B8inary ADC output of thermocouples high-order 8 bits

Input port LIW: Binary ADC output of thermocouple, low-order B8 bits

QUTPUTS

THERMOSTATSSETTINGSFROMSPORTS: Return WORD with setting in Celsius
TEMPSDATASFRIMSPORTS: Return WORD with temperature in Celsius

*/

Figure 7-2. Listing of the Modified PLMDATA Module

1
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25
26

27

-

THERMOSTATSSETTING3FROMSPORTS:
PROCEDURE (MIGH, LOW) WORD;

2 DECLARE (HIGH, LOW) WORD;

2 DECLARE (INSPORTSHIGH, INSPIRTSLCW) BYTE;
2 DECLARE THERMOSSETTING WCRD;

2 DECLARE (HUNDREDS, TENS, UNITS) BYTE,

2 INSPORTSHIGH = INPUT(HIGH);

2 INSPORTSLIW = INPUT(LIW);

2 HUNDREDS = INSPORTSHIGH AND 0000111187/

2 TENS = SHRCINSPCRTSLCW, 4)J

2 UNITS = INSPDRTSLOW aND 000011118/

2 THERMISSETTING = UNITS + 10#TENS + 100%HUNDREDS;
2 RETURN THERMOSSETTING/

2 END THERMCSTATSSETTINGSFRIMSPORTS;

/% Another typed procedure to return temperature data, which
uses the INTERPOLATE typed procedure, */

/* INTERPOLATZ is a typed procedure that receives thermocouple
voltage and returns tamperature in Celsius using an
interpolation routine */

1 INTERPILATE:

PROCEDURE(VOLTSIN) WORD;
2 DECLARE VOLTS(*) WORD DATA(J,51,102,154,206,258,365,472);
2 DECLARE TSCEL(*) WORD DATA(0,10,20,30,40,50,70,90)/
2 DECLARE (I, VOLTSIN, NUMERATOR) WIRD;
2 I =0/
2 DO WHILE VOLTSIN > VOLTS(I);
3 I =1+1;
3 END;

/* Shift for rounding, and return Celsius temperature +/

2 NUMERATOR = SHLC(VOLTSIN=VOLTS(I=1))*(TSCEL(I)=TSCEL(I-1)), 1)}
2 RETURN TSCEL(I=1) + SHR(NUMERATOR/(VOLTS(I)=VILTS(I=1))+1, 1);
2 END INTERPOLATE;
1 TEMPSDATASFRIMIPORTS:

PROCEDURE (HIGH,LOW) WORD;
2 DECLARE (HIGH,LOW) WORD;
2 DECLARE INSPORTSHIGH WORD; /% ADDRESS in McCracken’s book */
2 DECLARE INSPORTSLIW BYTE,
2 DECLARE (THERMICCUPLESQUTPUT, TEMPERATURE) WORD/
2 INSPORTSHIGH = INPUT(HIGH),
2 INSPORTSLOW = INPUT(LOW);
2 THERMOCOUPLESJUTPUT = SHLCINSPIRTSHIGH, 8) OR INSPCRTSLOIW;
2 TEMPERATURE = INTERPOLATE(THERMOCJIUPLESOUTPUT);
2 RETURN TEMPERATURE,
2 END TEMP3DATASFROMSPORTS;
1 START: DO’
2 SETTING = THERMISTATSSETTINGSFROM$SPORTS(2000,1000)/
2 TEMPERATURE = TZIMPSDATASFRIMSPORTS(200,100);
2 END START;
1 END PLMDATA;

MODULE INFORMATION:

012CH 3332

CJIDE AREA SIZE

CONSTANT AREA SIZE 0520 329
VARIABLE AREA SIZE = 00764 220
MAXIMUM STACK SIZE = 0012H 180

101 LINES READ
0 PROGRAM ERRIR(S)

END OF PL/M=-86 COMPILATICN

Figure 7-2. Listing of the Modified PLMDATA Module (Cont’d.)
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We also have to link the LARGE.LIB run-time library to this module, and locate the final
module:

-RUN LINK86 :F1:PLMDAT.OBJ, :F1:LARGE.LIB TO :F1:PLMDAT.LNK<cr>

~RUN LOC86 :F1:PLMDAT.LNK RESERVE(200H TO 77FFH) TO :F1:PLMDAT.86<cr>

To use the ICE-88 emulator, copy the ICE88 program from its disk onhto a disk in your system
(for example, the system disk in drive 0), and type the following command:

-ICE88<cr>

You can now use the ICE-88 LOAD command to load the module and its symbols:

* LOAD :F1:PLMDAT.86<cr>
*SYMBOLS<cr>

The SYMBOLS command displays the entire symbol table. We can start emulation with the GO
command, specifying both a starting location and a breakpoint. We can’use the .START label
as a starting location, and specify line #8 as a breakpoint:

*GO FROM .START TILL #8 EXECUTED<cr>
EMULATION BEGUN

EMULATION TERMINATED, CS:IP=0781:0040H

At this point, we want to change the contents of the 8088 ports so that the
THERMOSTATSSETTING$SFROMS$PORTS procedure can pick them up:

*PORT 2000=0 ;Hundred's digit of BCD thermostat setting.<cr>
*PORT 1000=24 ;Tens and units of BCD setting.<cr>

«G0 FROM CS:IP TILL .SETTING WRITTEN<cr>

EMULATION BEGUN

EMULATION TERMINATED, CS:IP=0781:002CH

Note that a semicolon and comment is allowed on an ICE-88 command line. We assigned 24H to
port 1000 to obtain a 2 as the tens digit and a 4 as the units digit (to represent a thermostat
setting of 24 degrees Celsius). Then we resumed emulation from the program counter (PC)
until a value was obtained for the .SETTING variable. At this point, we can check the contents
of .SETTING:

*WORD .SETTING<cr>
WOR 0794:0024H = 0018H
18 hexadecimal is 24 in decimal.
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Since .SETTING is correct, we can set the contents of the other two ports and continue
emulation:

*PORT 200=0 ;High order 8 bits are zero.<cr>

*PORT 100=66 ;Low order equal 66H, or 102 in decimal.<cr>
*GO FROM CS:IP TILL #43 EXECUTED<cr>

EMULATION BEGUN

EMULATION TERMINATED, CS:IP=0781:0038BH
*WORD .TEMPERATURE<cr>
WOR 0794:0026H = 0014H
*
14 hexadecimal is 20 in decimal.

We have a temperature reading of 20 degrees Celsius.

Obviously this session only introduces the ICE-88 emulator. The ICE-88 In-Circuit Emulator
Operating Instructions for ISIS-Il Users contains both tutorial and reference information on the
ICE-88 emulator. The similarities between DEBUG-86 and in-circuit emulators enhance their
usefulness in software development efforts, since both provide symbolic debugging. In-circuit
emulation also lets you emulate all of your prototype CPU functions, even though your pro-
totype CPU is not installed, and even if your prototype has not been built. It is a powerful
debugging and diagnostic tool for both the hardware and software of your final product.

EXECUTION ENVIRONMENTS

The Intellec Series lll system provides an 8086 execution environment and operating system
support—the support your program needs to be able to access devices and files. When you
link the run-time support libraries to your Pascal-86 program, you are providing the software
your program needs to ‘‘talk’’ to the Series lll operating system.

You can also run Pascal-86 programs in other systems, or in dedicated application
environments, as long as you provide the run-time support software. For example, you could
transfer your program to RAM on an SDK-86 (System Design Kit with an 8086), or to RAM on an
iSBC 86/12A Single Board Computer system, by first using the OH86 utility described in the
iAPX 86,88 Family Utilities User’s Guide for 8086-Based Development Systems to convert the
program to hexadecimal object format, and then using an appropriate tool to load the program
into your execution board (the ICE-86 In-Circuit Emulator, the SDK-C86 Software and Cable
Interface, or the iSBC 957 Interface and Execution Package).

You could also transfer your program to ROM on an SDK-86 kit, iSBC Single Board Computer
system, or your own custom-designed hardware, by using the Universal PROM Programmer
(UPP) with its Universal PROM Mapper (UPM) software.

Figure 7-3 shows possible execution paths for Pascal-86 programs.

The Series Ill operating system has a standard set of primitives (service routines) that any pro-
gram can use. Intel supplies run-time support libraries that act as an interface between your
Pascal-86 program and the Series Il system. By replacing this interface with your own custom-
designed interface, you can use the same Pascal-86 programs on other non-Intel systems.
With each future Intel system, Intel will supply the appropriate run-time interface so that your
present programs will also run in future Intel systems.
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LOCATED
OBJECT

CODE

i

ICE-86™
OH86 UPP/UPM
ICE-88™
\ ] {Y {
INTELLEC® SERIES I iSBC 86/12A™ SDK-86 SYSTEM CUSTOM-DESIGNED
DEVELOPMENT SYSTEM SYSTEM DESIGN KIT SYSTEM
Figure 7-3. Possible Execution Paths for Pascal-86 Programs 121632-8

A system library is also supplied for PL/M and assembly language programs; this library (or
set of libraries) also acts as an interface between your programs and the Series |l operating

system. By supplying your own interface, you can also use these programs on other systems.

The Series lll system was designed in this modular fashion to provide operating system sup-
port without necessarily binding programs to that particular system. It was designed to be
used as part of your application (as the operating environment), but it was also designed to be
useful for the development of applications that do not need full-blown operating system sup-
port. With several layers of interfacing between the system and your program, you can choose
exactly how much system you want in your final application, and you can preserve your soft-

ware investment with an eye to the future.
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Within this index, f or ff after a page number
means and the following page (or pages).

“‘&’" continuation character, 23ff

‘< >" (angle brackets) in CREDIT, 35ff

‘> (angle) prompt, 23f

‘<er>", See also RETURN key, 10, 35

‘*" (asterisk) in CREDIT command area, 29f

“*'7 (asterisk) in pathname, 19ff

“@’" in CREDIT, 30

‘“—" See also prompt, 10,13, 23

“1””in CREDIT, 35ff

“(*””and ‘‘*)”’ comment symbols, 42

“I*and “‘* /" comment symbols, 64

“%’’ (percent) symbols for parameters, 25

“?M” in CREDIT, 37

;”” (semicolon) for comments, 24f

8080/8085 processor family, 1, 22

8085 execution environment, Preface, 22ff,
25

8086 execution environment, Preface, 71, 16,
22ff, 25, 55, 68, 78f

8086/8087/8088 macro assembler, 13ff, 48,
63, 68ff

8086/8088 Utilities, 13ff

8087 processor, 78

8087.LIB (Pascal-86 run-time library), 78

8087 software emulator, 78

86 extension, 16, 22ff, 25, 55, 79

8088 processor, 61

87NULL.LIB (Pascal-86 run-time library), 77f

A switch with FORMAT command, 21
absolute modules, 79

actual parameter, 24

ADD command (L1B86), 76

add text mode (CREDIT), 31f

addresses, See physical memory address
address, reference to, 48, 75ff

Aesop, 81

algorithm for climate control system, 42, 63
AND operation, PL/M-86, 64

angle brackets (CREDIT), 35ff

angle (>) prompt, 23f

application, climate control, 2ff

arithmetic, real, 6, 78

array, PL/M-86, 68

assembler, 8086/8087/8088, 13ff, 63, 68ff

INDEX

assembly language, 6, 25f, 48, 63, 68ff, 79, 82
asterisk in CREDIT command area, 29f
asterisk in pathname, 19ff

ATTRIB command, 18, 21

attributes, file, 11f, 15,18

backup of text file, 16, 19, 38f

BAK extension, 16, 19, 38f

base address, segment, 83

BCD digits, 64ff

binary, 83f

binary-coded decimal digits (BCD), 64ff
BIND control (LINK86), 78f, 81

binding modules, 75ff, 78f

bit-shift operations, PL/M-86, 64, 68
black printing, 10

block diagram of climate system, 3
blocks, file 11, 28, 30

blue printing, 10

BOOLEAN command (DEBUG-86), 82ff
BOOLEAN type, 46, 82ff

breakpoints, debugging, 92

carriage return, See RETURN key
Celsius degrees, 5, 24, 63ff, 68, 94f
character pointer (CREDIT), 32ff
choosing software tools, 5f
climate control application, 2ff, 41ff, 44f, 49ff,
57ff, 63, 85ff, 92f
CNTL-A command (CREDIT), 31
CNTL-N (CREDIT), 32, 35
CNTL-P (CREDIT), 32,35
CNTL-V (CREDIT), 28ff, 32ff
CNTL-Z (CREDIT), 30
:CO: (console output), 39
CODE control, PL/M-86, 68, 70ff
collector water, solar, 42, 45f
command area (CREDIT), 28f
command iteration, 27, 35ff
command mode (CREDIT), 32f
command sequence, 25
command sequence definition file, 24f
commands, executing, 22ff, 25
comment symbols — Pascal, 42
comment symbols — PL/M, 64
comments, semicolon, 24f
compilations, separate, 41
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compiler, See also Pascal-86 or PL/M-86, 16,
55f

compiler controls, Pascal-86, 55f

compiler controls, PL/M-86, 68

console output, 39

continuation character (&), 23ff

Control key, See CNTL

Control lines, source file, 51, 56

Controls, Pascal-86, 55f

convert voltage to temperature, 5, 63ff, 68

cooling methods, 3ff

COPY command, 19ff

copying files to disks and devices, 19ff

CP, See character pointer

CREATE command (LIB86), 76

creating a text file, 28f

CREDIT text editor, 2, 11, 13, 16, 20, 271f, 30ff,
33ff, 36ff, 42

CS extension, 25

CS register (code segment), 83f
CSD extension, 24f
cursor (editing text), 28ff

100

cursor movement keys, 32f

dash, See prompt
DATA initialization, PL/M-86, 68
data passing between modules, 7, 48f
data type, REAL (Pascal-86), 78
data types, Pascal-86, 45f, 48f
data types, PL/M-86, 64, 66
DEBUG-86, 7, 55f, 75, 78, 81ff, 84ff
DEBUG control, Pascal-86, 55f, 82
debuggers, 81
debugging, 2ff, 5ff, 55f, 75, 78, 81ff, 84ff
default directory (:F0:); 19ff
default settings, compiler controls, 55
DEFINE command (DEBUG-86), 83
defining software, 3ff
degrees in Celsius, 5
DELETE command, 18ff
deleting files, 18ff
Determine Method procedure, 47f, 51, 86
device names, 20f
devices, copying files to, 19ff
Dijkstra, E.W., 41
DIR command, 10ff, 16f, 21
directory, default (:F0:), 19ff
directory listing, 10ff, 17
directory specifier, See pathname
disassembled display (DEBUG-86), 84
disk blocks, See file blocks
disks, See formatting disks
disks, copying files to, 19ff
displaying text file, 39
drive 0, See system disk,

See also RESET key

E8087 emulator, 78

E8087.LIB (Pascal-86 run-time library), 78

editor, text (CREDIT), 2, 186, 27ff, 30ff, 33ff,
36ff, 42

emulation, in-circuit (ICE), 1f, 5ff, 8, 79, 92ff
emulator, 8087, 78
end of text, 28
ending text editing session, 38f
English, 5f, 27, 41
environment, execution, 81, 95f
Series lll operating, 77ff
EQ (quit) command (CREDIT), 38f
ESC (Escape) key, 29
EVALUATE command, 83f
EX command (CREDIT), 28, 30, 38f
exchanger, See climate control
exclamation point in CREDIT, 35ff
executable programs, 75f
executing commands and programs, 22ff,
25, 81ff
execution environment, 8085, Preface, 22ff,
25, 81,95
8086, Preface, 8, 16, 22ff, 25, 55, 68, 78f, 81,
95
execution, interactive mode, 23ff
non-interactive mode, 24f
paths for Pascal-86 programs,
95f
execution vehicle, 81
EXIT command (LIB86), 22FF, 25, 76
extension, filename, 11, 16, 22, 25
extensions to standard Pascal, Intel, 55
external procedures, 76f
external references, 75ff

F attribute, 12, 15, 18, 21
F (Find) command (CREDIT), 34
:F0: (default directory), 19ff
file attributes, 11f, 15f, 18
blocks, 11, 28, 30
command sequence definition, 24f
copying to disks and devices, 19ff
deleting, 18ff
format (F) attribute, 12, 15, 18, 21
input/output procedures (Pascai-86), 78
invisible (1) attribute, 12,18
length, 11
library, 76f
listing, 16, 42, 551f, 581f, 68, 71ff
macro, 16
object, See object module
overlay, 16
renaming, 18ff
source, 27, 55f, 68
system(s) attribute, 12, 14f, 18, 21
text, 27ff
text backup, 16, 19, 38f
update with COPY command, 20
write-protected (w attribute), 111,18
filename, 10ff, 15ff, 18ff, 21ff, 24f
filename matching, 19ff
files, manipulate, 10, 15
naming conventions, 15f
final product, using, 8
finding text, 33f



flexible disks, See also formatting disks, 14f
FOR, used with DIR command, 17f

formal parameters, 25

FORMAT command, 13ff, 18, 21

format files, 12, 15, 18, 21

formatting disks, 10, 13ff, 16ff, 20f
FORTRAN-86, 5f

FORTRAN language, 6, 27, 63f

FROM with FORMAT command, 21

GETDATA module, 4ff, 7, 44f, 50, 55ff, 58ff,
66, 77, 871f

GetData procedure, 44, 46f, 50, 52f, 66, 87

glitch, hidden, 81

GO command (DEBUG-86), 83f

GO command (ICE-88), 94

Goethe, von, 75

Grove, Andrew S.,1,9

hard disk subsystem, 12ff

hardware development process, 1ff, 7f

HD COPY command, 21

heat pump, See climate control

heating methods, 3ff, 42, 45f

hexadecimal, 83f

hexadecimal object format, 8, 95

hidden glitch, 81

hiding information, 46f

high-level languages, 2ff, 5f, 41, 55, 63f, 69f,
75,79, 82

HOME key (CREDIT), 28f, 32f

:HP: (paper tape punch), 20

iAPX 86, 88 processor family, 1, 7f, 22

ICE-86, 1f, 7f, 79, 92ff, 95

ICE-88, 1f, 7f, 79, 92ff, 95

IDISK command, 15, 18, 21

in-circuit emulation (ICE), 1f, 5ff, 8, 79, 92ff

INCLUDE control, Pascal-86, 51, 56

information-hiding, 46f

input/output procedures (Pascal-86), 61, 78

inserting text, 28f, 31f

interactive 8086 mode, 23

interactive execution, 23ff

Interface, iISBC 957, 8, 95
Software and Cable (SDK-C86), 8, 95

interface specification, Pascal-86, 47, 49f, 51

INTERPOLATE procedure, 66ff, 93

invisible file attribute, 12, 18

Irene, goodnight, 54, 80, 91

IP (instruction pointer) register, 83f

iSBC 86/12A system, 8, 95f

iSBC 957 Interface and Execution Package,
8, 95f

iSBC (Single Board Computer) System, 8,
95¢f

ISIS-ll operating system, See also operating
the Series lll system, 10ff, 13ff, 16ff, 23

INDEX

J (jump) command (CREDIT), 32ff

keyboard, 29

L (Line) command (CREDIT), 37
language diversity, 63
languages, high-level, 2ff, 5, 41, 55, 63f, 69f,
75,79, 82
LARGE control, PL/M-86, 68
LARGE.LIB (run-time library), 77f, 94
Ledbetter, Huddie (‘‘Goodnight Irene’’), 54,
80, 91
length, file, 11
LIB extension, 16
L1B86.86 utility, 22, 75f
librarian utility, 22, 75f
libraries, run-time, 14f, 23ff, 75ff, 78f, 94
library file, 76f
management, 2, 5ff, 16, 76
module, 16, 75ff, 78f
of routines, 2ff, 5ff, 13, 16, 75ff, 78f
line feed character, 29
line printer, 20, 39
line terminator (CREDIT), 29
LINK86.86 Utility, 23f, 75ff, 78f, 81
linkage libraries, 13ff, 16, 23ff, 75ff
linker utility, 16, 75ff, 78f
linking modules, 2ff, 5f, 16, 75ff, 78f
LIST command (LIB86), 76
listing of PLMDATA module, 71ff, 92f
listings, program, 16, 42, 55ff, 58ff, 68, 71ff,
85ff, 92f
of test modules, 57ff, 85ff, 92f
LNK extension, 16, 79
LOAD command (DEBUG-86), 82f
LOAD command (ICE-88), 94
loader, RUN, 78f
loaders, ICE (in-circuit emulation), 79, 95
load-time locatable (LTL) module, 78f
LOC 86.86 utility, 16, 75ff, 79
locatable program, 77ff
locater utility, 16, 75ff, 78f
locating modules, 2ff, 5f, 16, 75ff, 78f
:LP: (line printer), 20, 39
LST extension, 16
LTL module (load-time locatable), 78f

M (Macro definition) command (CREDIT), 36f
MAC extension, 16
machine code, 69f
macro assembler, 8086/8087/8088, 13ff, 48,
63, 68ff
macro, assembly language, 69f
CREDIT, 36f
definitions, macro assembler, 69f
file, 16
processor language, 69f
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MAIN module, 4ff, 7, 41ff, 46f, 49f, 55ff, 58ff,
63, 77f, 85ff
main program (climate control system), 43f,
46f, 49, 511f, 63, 77, 85ff
MainControl (main module), 43f, 47, 49f, 511f,
63, 77, 82f, 85ff
matching filenames, 19ff
memory addresses, See also physical
memory
addresses, 7, 75ff, 78f
methods, heating and cooling, 3ff, 42, 45f
MF command (CREDIT), 37
modular programming, 6ff, 41f, 46f, 49, 63,
76f
modular structure, See also modular
programming, 77
module, absolute, 79
concept of, 5FF, 41, 46f, 49
heading, Pascal-86, 45, 49f
LTL (load-time locatable), 78f
names, 82f
object, See object module
subordinate, 41, 77
modules, binding, 75ff, 78f
program, 2ff, 6ff, 16, 41f, 44f, 46f, 49f, 63,
76ff, 85ff, 92f
monitor, 9f
moving around in text file, 32ff

naming conventions for files, 15f
Nassi-Schneiderman chart, 4

NDP (8087), 78

NOEXTENSIONS control, Pascal-86, 55
non-interactive execution mode, 24f
NOPRINT control, Pascal-86, 55
numeric data processor (8087), 78

object format, hexadecimal, 8, 95

object module also called object file, 16, 55f,
68, 75f

OBJ extension, 16, 55

octal, 83f

offset value, base address, 83

OH86 utility, 8, 95

Operate System procedure, 44, 46ff, 50, 52ff,
83f, 89

operating environment, Series lll, 77ff

operating system procedures, 25, 78, 95
Series lll, See also operating the Series |ll

system, 79, 95

summary of, 25

operating the Series lll system, 9ff, 12ff, 15ff,
18ff, 21f, 24f, 78

OPERATION module, 4ff, 7, 44, 50, 55ff, 58ff,
77, 82f, 88ff

operation of climate system, 3ff, 44, 46f

OR operation, PL/M-86, 64, 68

output disk or device, 19ff

overlay file, 16

OV0 extension, 16

P (switch), used with COPY, 15
P86RNx.LIB (Pascal-86 run-time libraries),
77¢
panic condition in climate system, 42, 44
paper tape punch device, 20
parameter, actual, 24
parameter passing between modules, 7, 48
parameters, formal and actual, 25
parse phase, Pascal-86 compiler, 56
PASCB86.86 Compiler, 23f, 55f
Pascal language, 5ff, 27, 39, 41f, 45f, 48f, 55,
63f, 65f
record, 41, 48
Pascal-86 Compiler and Language, 5f, 14, 23,
25, 411f, 45, 48f, 55f, 63f, 66, 68f, 95f
data types, 45f, 48f
run-time libraries, 77ff
pass data by reference, 7, 48f
by value, 7, 48f
pathname matching, 19ff
pathnames, 15ff, 18ff, 21ff, 24f
percent symbols for parameters, 25
physical memory address, 7, 75ff, 78f, 83ff
Pidgin Pascal, 6, 27, 39f
PL/M-86 Compiler and Language, 5f, 14, 48,
63ff, 66ff, 69ff
data types, 64, 66
PLM86.86 Compiler, 68
PL/M language, 6, 25f, 45, 63ff, 66, 69f, 79
PLMDATA module, 68, 71ff, 92f
pointer, character, 32ff
ports, input/output, 49, 61, 64ff
primitives, Series lll operating system, 70,
78,95
PRINT control, Pascal-86, 55
printing, blue or black, 10
printing text file, 39
PRIVATE definitions, Pascal-86, 49f
procedure, typed (PL/M), 64
procedures, built-in (Pascal-86), 76f
external, 76f
file input/output (Pascal-86), 78
operating system, 25
processor, 8080/8085, 1ff, 7, 61
iAPX 86, 88 (8086 and 8088), 1ff, 7, 61
numeric data (8087), 78
product, final, 8
program, executable, 75f
locatable, 77
listings, 16, 42, 55ff, 58ff, 68, 71ff
main (climate control system), 43f, 46f, 49,
51ff
modules, 2ff, 6f, 16, 411, 44f, 46f, 49f, 63,
76ff
source statements, See also source file,
55, 85
programmable read-only memory, 2,8
programming the system, 9, 70
programs, executing, 22ff, 25
PROGRM.86 (test version of application),
77%, 791, 82ff, 90f



PROM, See programmable read-only
memory

prompt, dash (—), 10,13, 23

prototype, hardware, 7f, 48f, 61, 92

PUBLIC definitions, Pascal-86, 49f

RAM, See random access memory
random access memory, 8, 95
READLN procedure (Pascal-86),-61, 76f
read-only memory (ROM), 8, 81, 95
real arithmetic, 6, 78
REAL data type (Pascal-86), 78
record, Pascal, 41, 48
recursive, See self-reference
reference, pass data by, 7, 48f

to address, 48, 75ff
references, external, 75ff
RENAME command, 18ff
renaming files, 18ff
RESERVE control (LOC86), 79
RESET key, 9f, 13f
RETURN key, 10, 12ff, 15, 20f, 28f, 35
ROM, See read-only memory
RPT (Repeat) key, 29
RUBOUT key, 29
RUN command, 14, 22ff, 25, 68, 75ff, 78f, 81
run-time libraries, 14f, 23ff, 61, 70, 75ff, 78f,

94f
run-time system, See also run-time
libraries, 76ff"

S attribute, 12, 14f, 18, 21

S (Substitute) command (CREDIT), 34f

screen mode (CREDIT), 32f

scrolling text, 32f

SDK-86, 8, 95

SDK-88, 8, 95

SDK-C86 Software and Cable Interface, 8,
95

segment base, 83

self-reference, See recursive

semicolon for comments, 24f, 94

separate compilations, See also modular
programming, 41

Series |l monitor, 9f
Series |l system, Preface

service routines, operating system, 70, 78,
95

shift operations, PL/M-86, 64, 68

SHL (shift left) operation, PL/M-86, 64, 68

SHR (shift right) operation, PL/M-86, 64, 68

ShutDownSystem procedure, 44, 46f, 50, 54,
89f

Single Board Computer (iSBC) system, 8

size control, object module, 68

Software and Cable Interface (SDK-C86), 8,
95

Software definition, 3ff, 30f

Software development process, 1ff

INDEX

Solar collector, 2ff, 42, 45f
Source disk, 15, 19ff
source file or program, 27, 55f, 68
SQ (Substitute after Query) command
(CREDIT), 34f
SRC extension, 16
StartUpSystem procedure, 44, 46f, 50, 53, 89
STEP command (DEBUG-86), 84
stepwise refinement, 2ff
StoreData procedure, 45f, 50, 53, 87f
Strachey, Christopher, 63
string, 34f
structure, PL/M-86, 48
of software, 4ff
SUBMIT command, 24f
subordinate modules, 41, 77
substituting text, 33f
summary of operating system, 25
switch used with DIR, 12, 17
SYM keyword (DEBUG-86), 83
symbol table (DEBUG-86), 82ff
symbolic debugging, 5ff, 82ff
symbols, 7, 82ff
SYMBOLS command (DEBUG-86), 82f
SYMBOLS command (ICE-88), 94
System Design Kits, 8, 95f
system climate control, 2ff, 41ff, 44f, 49ff,
55ff, 58ff, 63, 85ff, 92f
disk, 9ff, 12ff, 15ff, 21
files, 11ff, 14,18, 21
operation, Series lll, See operating the
Series lil system
run-time, See also run-time libraries, 76ff
turning on, 9f

tags (CREDIT), 32f
tank, water (climate system application), 42,

45f
TD (tag delete) command (CREDIT), 32
TE (tag for end), used in CREDIT, 32f
teletype output, 39
TEMP$DATASFROMSPORTS, 66ff, 92f
temperature conversion program, 24
temperature data, 3f, 49, 63ff, 68
terminator, line (CREDIT), 29
text area (CREDIT), 28f

creating and inserting, 28f, 31

editing, ending session, 38f

editor (CREDIT), 2, 16, 27ff, 30ff, 33ff, 36ff,

42

file, 27f

file backup, 16, 19, 38f

file, displaying, 39

file, printing, 39

finding, 33f

scrolling, 32f

substituting, 33f
thermocouple voltage, 5, 61ff, 68
THERMOSTATS$SETTINGSFROMSPORTS

procedure, 64ff, 92ff

103
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:TO: (teletype output), 39

tools, software, 4ff, 7ff

top-down design, 2ff, 41

TPWR (typewriter) key, 29

TS (tag set) command (CREDIT), 32
TT (tag for top), used in CREDIT, 32f
turning on your system, 9f

TXT extension, 16

type, data, 45f, 64, 66

TYPE definition, Pascal, 46, 48
type, REAL (Pascal-86), 78

typed procedure, PL/M, 64
typeface, blue or black, 10

Universal PROM Mapper (UPM), 8, 95
Universal PROM programmer (UPP), 2, 8, 95
uparrow (1), 29

update files, 20

UPM, See universal PROM mapper
UPP, See universal PROM programmer
using the system, 9

using your final product, 8

utilities, Series Ill, 2ff, 6ff, 13, 75ff, 78f

value, pass data by, 7, 48f

VAR definition, Pascal, 46, 49
vehicle, execution, 81

video display (CREDIT), 28
voltage, thermocouple, 5, 61ff, 68

W attribute, 11f, 18

wild card filename, See also filename
matching, 21

WRITELN procedure (Pascal-86), 61, 76f
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