




























































































































































































12 =1 
=1 
=1 
=1 
=1 

" 18 =1 
'1 

8. 20 =1 
9 21 =1 

'1 
10 23 =1 

'1 
'1 

II 26 '1 
12 27 =1 
13 28 '1 
14 29 '1 
15 30 ·1 

'1 
=1 
'1 

16 34 '1 
17 35 '1 

=1 
18 37 =1 

'1 
19 39 '1 
20 40 '1 

=1 
21 42 '1 

" Z2 44 '1 
23 45 " 24 46 =1 

25 13 

26 18 
26 19 
Z7 20 
28 21 
29 22 
30 23 

31 26 0 
31 27 I 
32 28 Z 
33 29 2 
34 30 2 
35 31 2 
36 32 2 
37 33 2 
38 34 2 
39 35 2 
40 36 3 
41 37 3 
42 38 3 
43 39 3 
44 40 3 
45 41 3 
46 42 3 
48 43 2 
49 44 2 
50 45 2 
51 46 2 
53 47 I 
54 48 0 

55 51 0 
55 52 1 
56 53 1 
57 54 1 
59 55 1 
60 56 1 
61 57 2 
62 58 2 
63 59 3 
64 60 3 
65 61 3 
66 62 3 
67 63 3 
68 64 3 

DEBUGGING AND EXECUTING PROGRAMS 

Heat i n gMe t nod s = (C 0 llee; to,.T oE x c niln g''', 

SystemQata 

Co UectorToH •• tPump, 
T enk Toe xc hanger, 
T �~�n�k�T�o�H�e�i�!�'�l�t�P�u�m�r�u� 

He a te d Tank TaHea tP ump, 
NoM'thod) ; 

RECORD 
ChosenMethod 
InsideT.mp, 
ThermostetS,tting 
Call e c to "WZI t.,. Temp, 
TllnkWllterTemp, 
HeatedTankTe",p 
A 11101.1 "tOf S unl 191'1 t 
Hour" 
Minute 

END C*Syste",02lta*); 

H •• tingMethodsi 

Air-Temperature; 

Wat.,.Temperaturei 
Intege,,; 
00 •• 24; 
00 •• 59; 

VAR (.valr-iables publicly defined in this Module •• ' 

Curl"'entOate 
Operating, Panic 

; SystemOata; 
: BOOLEAN; 

PUBLIC GatD.ta; (*GetDatB Module contlli"1"9 GatData & Sto,..Ollta*) 

P ROC EOU REG. tDat!! (V AR Cur" 9"tO at I: S y st e .. O ata) ; 
�P�~�O�C�E�D�U�R� E Stor.Oi!lta (VAR CurrentO.ta: SystemOata); 

PUBLIC Dperattion; C*Operation Module containing Op.,.ateSyst."" 
Stell"tUpSystam rtnd ShutDolllnSyste",*) 

PROC:DURE StCirtUpSystarn; 
PROCE:lURE :Jp,rateSystemCVAR Curl"entDatat: Syst:uOata); 
II' R:J C': OUR E Shut OOllin S y s t. III (V A.::l C ur,.en t Oatt at: S y stem 0 1I til) ; 

PRIVATE Operation; 

(* end of intel"face s!)ecification *) 

PROCEDURE Stal"tUpSystem; 
BEGIN 

�W�~�I�T�e�L�N� ('Climllte system is now on.'); 
WqITELN C ..... - .... ---- ........ -- ...... - .. - .. -- ... ); 
WRITELN; 

END; 

PROCEDURE OperliteSystem CVAR CurrentDati!l: SystemData); 
BEGIN 

WITH Cur,.entOata DO BEGIN 
WR IT!: LN (' =============================================='); 
WRITELN('TI,. Climate System is now operating.'); 
WRITELN; 
WRITELNC'The Tillie is ',HOu,.,':',Minute); 
WiUTELNC'The inside temp.,.atul"e is ',InsideTelllp,'C'); 
WRITELNC'The thermostat setting is ',Th.rmostatSetting,'C'); 
WRITEC'Method chos.n to heat the building: '); 
CASE ChosenMethod OF 

Co llec torT 0 E xc hanger: 
Collectol"ToHeatPump : 
Til n Ie To E xc han ge" 
TanleToHeatPump : 
HeatedT ankToHeatPump: 
NoMethod 

END; 
wtUTELN; 

WRITEC'Sol,r Collector to Exchang.r'); 
WRITEC'Solar Collecto" to Heat Pump'); 
WRITEC'Tank to Exchange,.'); 
WRITEC'Tank to Heat PUllp·); 
WRITEC 'Heilted Tank to Heat Pump·); 
WRITEC'No heat reCluired·); 

WR IT E LN C ' = = ==== I; = ========= === ==== ==== ============= =r=s==' ) ; 
WRITELN; C*wl"ite a blank line.*) 

END; 
END; C*Opel"ilteSyst.",*) 

PROC EDUR E S 1'1 ut Down S yst em C VAR Cur,. entO. t a: Sy stemOilt a) ; 
BEGIN 
�W�'�I�T�E�~�N� (': : ::::::: :: : : ::: : : : ::::::::: :: :: : :::::::::: ::: :::·Ii 

IF 'Panic THEN WRITELNC"'PANIC occurr,d, NORMAL shutdown.·) 
ELSe WRITELNC'No panic occur"ed, A8NORMAL shutdollln.'); 

WRITELN C':::::;:::::::::::::::::::::::::::::::::::::::::::'); 
WIT ... Cu,.r.ntOat!l 00 BEGIN 

WRITEC·LlIst chosen heating method was: '); 
CASE CMosenMetl'lod OF 

C ollec torT 0 Exc l'Ian gel": 
CollectorToHe.tPump : 
TankToExchange,. : 
TankToHeatF'ump 
Hea tedT link T oH ell t Pump: 
NoMethod 

WRITEC'Sola,. Collecto,. to Exchanger·); 
WRITEC'Sol.,. Collecto,. to Heat PUMp'); 
WRITEC·Tillnk to Exc:hillngel"'"'; 
WRITEC'Tank to Heat PUMp'); 
WRITEC·Heated Tank to Heat Pump'); 
WRITEC'No heat requi,..d'); 

Figure 7·1. Climate Control Program Listing and Sample Run (Cont'd.) 
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69 65 
71 66 
72 67 
73 68 
74 69 
75 70 
76 71 
77 72 
78 13 
79 74 
81 75 
82 76 
83 77 
84 78 

END; 
WRITELN: 
WRITELN ("Th.,.mostat Setting is .. ,Th.,.mostatSetting," C·); 
WRITELNC'"Inside teMperature is ·,InsideTemp,·C"); 
WRITELN( "Temperatu,.. of eollecto,.. lIIat.,. 1s .. ,CollectorWat."Temp,"C"); 
WR!TELN( "Temlarature of tank wat.,. is .. ,TankWat.rTeIllP,"C"); 
ioIRITELN("'Tempe,.atur. of the hellted tank lIate" 1s ·,HeatedTankTeIllP,·C·)j 
w~ITeLN(·T1m. of day is ·,Hour,":",M1nut.); 
WRITELN ( .. Amount of sunlight is .. ,Alllou"t015u"11ght); 

SHO: (*1II1th Cu""e"tJata*> 
WRI TELN (": : :::::: : :: ::: : : :::::::: ::: ::::::::::::: : :: : :: :: :: : :::"); 
WRITELfH 
WRITELN( "Goodni;ht, I".ne .... "'; 

END 
***W'ARNING, input: "END 
***11111. r.~ai".d to "END ; " 

85 78 0 0 

SUMma,-y Info,.mation: 

PROCEDURE 
SHUT~OWNS Y S TeM 
OPEiUTESYSTEM 
STARTUP$YSTEM 

OFFseT 
0698" 
0440H 
03E2H 

CODE SIZE 
039B_ 9200 
0258H 6000 
O~SeH 940 

DATA SIZE STACK SIZE 
0010H 160 
0010H 160 
0010H 160 

Total OA3CH 26nO oOOOH 00 0030H 480 
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125 Lines Read. 
1 error Deteeted. 

33% utilization of Memory. 

-RUN PROGRM<cr> 

Climate system is now on. 

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

Type the inside temperature reading in Celsius:21<cr> 

Type the temperature of the collector water in Celsius:60<cr> 

Type the temperature of the tank water in Celsius:60<cr> 

Type the temperature of the heated tank water in Celsius:70<cr> 

Type the hour of day, as in 04 or 24:13<cr> 

Type the minute of the hour, as in 01 or 59:25<cr> 

Type the amount of sunlight, any integer wi II 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 is 70C 
Time of day is 13:25 
Amount of sunlight is 

Figure 7-1. Climate Control Program Listing and Sample Run (Cont'd.) 
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=============================================== 
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 bui Lding: 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 co L Lector 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<c r> 

Type the amount of sunLight, any integer wiLL do for now:O<cr> 

CURRENT DATA IS AS FOLLOWS: 

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 22C 
The thermostat setting is 24C 
Method chosen to heat the bui Lding: SoLar CoLLector To Exchanger 

................................................................................................ ................................................................................................ .. 
PANIC occurred, NORMAL shutdown . 
................................................................................................ .. ................................................................................................ .. 
Last chosen heating method was: SoLar CoLLector to Exchanger 
Thermostat Setting is 24C 
Inside temperature is 22C 
Temperature of coLLector water is 10C 
Temp~rature 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 Intel/ec 
Series 11/ Microcomputer Development System Console Operating Instructions. 
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USING ICE-88™, AN IN-CIRCUIT EMULATOR 

Th~ ICE-88 emulator consists of three circuit boards, a cable, a buffer box, and software on 
disk. The thr~e circuit boltrds fit inside your Intellec Series III development system, and the 
cable and buffer box assembly connects your Series III 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 III system until your prototype system is complete. 

YQur 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. YOIl 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 Ciln 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 propedures. Figure 7-2 shows th~ listing of the compiled PLMDATA 
module. 

PL/M-86 COMPILER PLMOATA PAGE 

ISIS-II PL/N-86 H121 COMP:LATION ~. NaCULE 0LMOATA 
OBJECT MOOULE PLACED IN PLMOEB.CBJ 
COMPILER INVOKEO BY: PLM86 PLMOE;.S.C DEBUG 
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PLMOATA: 00; 

OECLA~E START LABEL PUBLIC; 
oeCLARE (SETTING, T5:MPERATI,JRE' WORJ; 

I' 
INPUTS 

THE RHOS TAT S serf I NG $!= R!J M$ :)~R T S : 

Formal Pill"amtte"'$ HIGH and L:JW receive port numbers as ilIctual pa,.ameters. 

Input POl"'ts *'1IGfi and LOW: Thre9 9(0 dioits for the thel"'lI'Iostat setting: 

Port IoIIGI-1, bi,\s 3-0: hundred·s digit 
Port LOW, bits 7-4: ten·, digit 
Port LOW, bits 3-0: unit·, digit 

TeMPSOATAS~ROMSP::::RTS : 

F=ol"mal parameters H::GH and LOW r.c.iv. port numbers as act'Ual para ... t.rs. 

Input POl"t HI::iH: Binllry AJC output of thermocouple,. hign-order 8 bits 
Input oort LJW: Binary ADC outout 01 tnerlftoc:oupl.,. lo .... ord.r 8 bits 

OUTPUTS 

THeRMOSTAT$SETTINGSJ=:ROMSPORTS: Return WORD with setting in Celsius 

TEM;>SD~TASP:RJM$PORTS: Return WORO lIIith temperature 1n ·Celsiu$ 

*1 

Figure 7-2. Lis~ing of the Modified PLMDATA Module 
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9 
10 
11 
12 
13 
14 

1~ 
16 

17 

18 
19 
20 

21 
22 
23 
24 

25 
26 

27 

28 

29 
3D 
31 
32 

33 
34 
35 
36 
37 

38 

39 
40 
41 
42 
43 

2 
2 
2 
2 
2 

THERMO STA TSSETTI NGSFRO""PQRTS: 
PRQCeOUqe (HIGH, LOW) wORO; 

oeCLARe (H1GIoI, LOtI!) wo~u; 
DeCLA5IE (INSPORTSHIGH, INSPJRTSlOW) BYTE; 
oeCLARE THERMOSS!:TTING WORO; ~ 
OeCLA~E (HUNDREDS, TENS, UNITS) BYTE; 

INSPDRTSHIGH = ':NPUT (H!GH); 
INSPORTSL:JW = INClUT(L;jW); 
HUNDREDS = I~SPO~TSHIG'" ANJ 00001111e; 
TENS = SHR(INSPCRTSL.C:W, 4); 
UNITS'lI INSPORTSLOW AND 000011118; 
THERM:lSSETTING =- UNITS + 10-TEN5 + 1QO*HUNOREOSi 

RETURN THERMOSSfTTINGi 
E NO TtiE RMCSTAT$SETTING$F~'JM$PORT S; 

/. Anothe'" typed procedure to ,..t ... rn t.mp.I" .. tu"8 data, ""hieh 
... 585 t". INTERPOLATE typed pl"oc:edur,. *1 

,* INTERPOL.ATE is II typed "rocedu,.. thllt receives tnermocougle 
voltage .nd ,..tUI"n5 t.mlaratur. in Celsius using an 
interpolation routine *, 

INTERPOLATE : 
PROCEOURE (VOLTSIN) WO~O: 

DECLARE VOLTSC*) W:lRO OATACO,51,102,154,206,258,365,472): 
DECLARE TSCELC*) W:]RQ :)ATACO,10,20,30,40,50,70,90): 
DECLARE CI, VOL TSIN, NUME1UT:JR) W:lRO: 

t = 0: 
00 MHILE VOLTS IN > VOLTSCI); 

1=1+1; 
END; 

1* Shift for rounding, and return Celsius te",peratur. *1 
NUMERATOR := SHLCCVOLTSIN-VOLTSC1-1»*(TSCEL(I)-TSC!:LCI-1), 1); 
~ETURN TSCEt..CI-1) + SHRCNUME~ATOR/CVOLTSCI)-VOLTS(I-1»+1, 1); 

END INTERPOLATE; 

T !MPSO AT ASF II :l"SPO RT S: 
PROCEDURe tHIGI't,LOW) WORO: 

OECLAA:E (HIGH, LOW) WORD; 
DECLARE IHSPORTSHIG"t WORD; ,* ADD~ESS in McCr.cken"s book *, 
OECLAA:E INSPORTSl:lW BYTE; 
OEClAA:E CTHERM:lCCUPLESOUTPUT, TEMPERATUIH) WORO; 

INSPORTSrHGH z INPUTCI1IGI1); 
INSPOItTSLiJw = INPUT CLOW); 
THERM:JCOUPLES:JUTPUT = SHLCINSP:JRTSHI~H, 8) OR INSPCRTSLOW: 
TEMPEiUTURE = INTERPOLATECTHERMOCJUPLESOUTPUT); 
RETURN TEMPERATU~E; 

END TEMP$OATASFROMSPORTS; 

STA:tT: 00; 
SeTT ING = T!1: RM'JST ATSS E1T INGSFROMSPORl S C 2000, 1 000); 
TEMPe:UTu~E = T::MPSOATASF'RJMSPOIHSC200,100); 
END START: 

END PLMOATA; 

MODULE INFORMATION: 

CODE AREA SIZE 
CONSTANT AREA SIZE 
vARIABLE AREA SIZE 
MAXIMUM STACI( SIZe 
101 LINES ~EAO 
o PROGRAM ERR~'(S) 

= 012CI.l 
00201"1 

== 0016!1 
oo12H 

3JJ~ 
320 
220 
180 

END OF PL/M-a6 COMPILATION 

Figure 7-2. Listing of the Modified PLMDATA Module (Cont'd.) 
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We also have to link the LARGE.L1B 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 ohto 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 astarting location and a breakpoint. We can"use the .STARTlabel 
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 
THERMOSTAT$SETTING$FROM$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> 
*GO FROM CS:IP TILL .SE~TING WRITTEN<cr> 
EMULATION BEGUN 

EMULATION TERMI~ATED. 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 

1 8 hex a dec i ma lis 24 i n dec i ma l. 
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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=0781:003BH 
*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-II 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 III 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 III 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 8086-8ased 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 III 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 III 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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INTELLEC" SERIES III , 
DEVELOPMENT SYSTEM 

iSBC 86/12A'· 
SYSTEM 

LOCATED 
OBJECT 

CODE 

SDK-86 SYSTEM 
DESIGN KIT 

CUSTOM-DESIGNED 
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 III operating 
system. By supplying your own interface, you can also use these programs on other systems. 

The Series III 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, for ff after a page number 
means and the following page (or pages). 

"&" continuation character, 23ff 
"< >" (angle brackets) in CREDIT, 35ff 
">" (angle) prompt, 23f 
"<cr>", See a/so RETURN key, 10,35 
"*,, (asterisk) in CREDIT command area, 29f 
"*,, (asterisk) in pathname, 19ft 
"@" in CREDIT, 30 
"-", See a/so prompt, 10, 13, 23 
"!" in CREDIT, 35ft 
"(*" and "*)" comment symbols, 42 
"1*" and ".* I" 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, 22ft, 

25 
8086 execution environment, Preface, 7f, 16, 

22ff, 25, 55, 68, 78f 
8086/8087/8088 macro assembler, 13ff, 48, 

63,68ft 
8086/8088 Utilities, 13ft 
8087 processor, 78 
8087.L1B (Pascal-86 run-time library), 78 
8087 software emulator, 78 
86 extension, 16, 22ft, 25, 55, 79 
8088 processor, 61 
87NUlL.L1B (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), 31 f 
addresses, See physical memory address 
address, reference to, 48, 75ff 
Aesop, 81 
algorithm for climate control system, 42, 63 
AN 0 operation, PLI M-86, 64 
angle brackets (CREDIT), 35ft 
angle (» prompt, 23f 
application, climate control, 2ff 
arithmetic, real, 6, 78 
array, PLI M-86, 68 
assembler, 8086/8087/8088, 13ft,63, 68ff 

INDEX 

assembly language, 6, 25f, 48, 63, 68ft, 79, 82 
asterisk in CREDIT command area, 29f 
asterisk in path name, 19ft 
ATTRIB command, 18, 21 
attributes, file, 11f, 15f, 18 

backup of text file, 16, 19, 38f 
BAK extension, 16, 19, 38f 
base address, segment, 83 
BCD digits, 64ft 
binarY,83f 
binary-coded decimal digits (BCD), 64ft 
BIND control (L1NK86), 78f, 81 
binding modules, 75ft, 78f 
bit-shift operations, PLI 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), 82ft 
BOOLEAN type, 46, 82ff 
breakpoints, debugging, 92 

carriage return, See RETURN key 
Celsius degrees, 5, 24, 63ft, 68, 94f 
character pointer (CREDIT), 32ft 
choosing software tools, 5f 
climate control application, 2ff, 41ff, 44f, 49ft, 

57ft, 63, 85ff, 92f 
CNTl-A command (CREDIT), 31 
CNTl-N (CREDIT), 32, 35 
CNTl-P (CREDIT), 32, 35 
CNTl-V (CREDIT), 28ft, 32ff 
CNTl-Z (CREDIT), 30 
:CO: (console output), 39 
CODE control, PLI M-86, 68, 70ff 
collector water, solar, 42, 45f 
command area (CREDIT), 28f 
command iteration, 27, 35ft 
command mode (CREDIT), 32f 
command sequence, 25 
command sequence definition file, 24f 
commands, executing, 22ft, 25 
comment symbols - Pascal, 42 
comment symbols - PLlM, 64 
comments, semicolon, 24f 
compilations, separate, 41 
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compiler, See a/so Pascal-86 or PLlM-86, 16, 
55f 

compiler controls, Pascal-86, 55f 
compiler controls, PLI M-86, 68 
console output, 39 
continuation character (&), 23ft 
Control key, See CNTL 
Control lines, source file, 51,56 
Controls, Pascal-86, 55f 
convert voltage to temperature, 5, 63ff, 68 
cooling methods, 3ft 
COPY command, 19ft 
copying files to disks and devices, 19ff 
CP, See character pointer 
CREATE command (LlB86), 76 
creating a text file, 28f 
CREDIT text editor, 2, 11,13,16,20, 27ft, 30ff, 

33ft, 36ft, 42 
CS extension, 25 
CS register (code segment), 83f 
CSD extension, 24f 
cursor (editing text), 28ft 
cursor movement keys, 32f 

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

See a/so RESET key 

E8087 emulator, 78 
E8087.LlB (Pascal-86 run-time library), 78 
editor, text (CREDIT), 2, 16, 27ff, 30ff, 33ft, 

36ff, 42 

emulation, in-circuit (ICE), 1f, 5ft, 8, 79, 92ff 
emulator, 8087, 78 
end of text, 28 
ending text editing session, 38f 
English, 5f, 27, 41 
environment, execution, 81, 95f 

Series III operating, 77ft 
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, 

25,81ft 
execution environment, 8085, Preface, 22ff, 

25,81,95 
8086, Preface, 8, 16, 22ft, 25, 55, 68, 78f, 81, 

95 
execution, interactive mode, 23ft 

non-interactive mode, 24f 
paths for Pascal-86 programs, 

95f 
execution vehicle, 81 
EXIT command (LlB86), 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 
:FO: (default directory), 19ft 
file attributes, 11f, 15f, 18 

blocks, 11,28,30 
command sequence definition, 24f 
copying to disks and devices, 19ft 
deleting, 18ff 
format (F) attribute, 12, 15, 18, 21 
input/output procedures (Pascal-86), 78 
invisible (I) attribute, 12, 18 
length, 11 
IibrarY,76f 
listing, 16, 42, 55ff, 58ft, 68, 71ff 
macro, 16 
object, See object module 
overlay, 16 
renaming, 18ft 
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), 11f, 18 

filename, 10ff, 15ft, 18ft, 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, 13ft, 16ft, 20f 
FORTRAN-86, 5f 
FORTRAN language, 6, 27, 63f 
FROM with FORMAT command, 21 

GETDATA module, 4ft, 7, 44f, 50, 55ff, 58ff, 
66,77,87ff 

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, 12ft 
hardware development process, lIf, 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, 11, 7f, 79, 92ff, 95 
ICE-88, 11, 7f, 79, 92ft, 95 
IDISK command, 15, 18, 21 
in-circuit emulation (ICE), 11, 5ft, 8, 79, 92ff 
INCLUDE control, Pascal-86, 51,56 
information-hiding,46f 
inputl output procedures (Pascal-86), 61,78 
inserting text, 28f, 311 
interactive 8086 mode, 23 
interactive execution, 23ff 
Interface, iSBC 957,8,95 

Software and Cable (SDK-C86), 8, 95 
interface specification, Pascal-86, 47, 49f, 51 
INTERPOLATE procedure, 66ft, 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, 

95f 
ISIS-II operating system, See also operating 

the Series III system, 10ft, 13ft, 16ff, 23 

J (jump) command (CREDIT), 32ft 

keyboard,29 

L (Line) command (CREDIT), 37 
language diversity, 63 
languages, high-level, 2ft, 5f, 41,55, 63f, 69f, 

75,79,82 
LARGE control, PL/ M-86, 68 
LARGE.LlB (run-time library), 77f, 94 
Ledbetter, Huddie ("Goodnight Irene"), 54, 

80,91 
length, file, 11 
LIB extension, 16 
LlB86.86 utility, 22, 75f 
librarian utility, 22, 75f 
libraries, run-time, 14f, 23ft, 75ft, 78f, 94 
library file, 76f 

management, 2, 5ft, 16, 76 
module, 16, 75ff, 78f 
of routines, 2ft, 5ft, 13, 16, 75ft, 78f 

line feed character, 29 
line printer, 20, 39 
line terminator (CREDIT), 29 
LlNK86.86 Utility, 23f, 75ff, 78f, 81 
linkage libraries, 13ft, 16, 23ff, 75ff 
linker utility, 16, 75ff, 78f 
linking modules, 2ft, 5f, 16, 75ft, 78f 
LIST command (LlB86), 76 
listing of PLMDATA module, 71ft, 92f 
listings, program, 16, 42, 55ft, 58ff, 68, 711f, 

85ft,92f 
of test modules, 57ft, 85ft, 92f 

LNK extension, 16, 79 
LOAD command (DEBUG-86), 82f 
LOAD command (lCE-88), 94 
loader, RUN, 78f 
loaders, ICE (in-circuit emulation), 79, 95 
load-time locatable (L TL) module, 78f 
LOC 86.86 utility, 16, 75ff, 79 
locatable program, 77ff 
locater utility, 16, 75ft, 78f 
locating modules, 2ft, 5f, 16, 75ff, 78f 
:LP: (line printer), 20, 39 
LST extension, 16 
L TL module (load-time locatable), 78f 

M (Macro definition) command (CREDIT), 36f 
MAC extension, 16 
machine code, 69f 
macro assembler, 8086/8087/8088, 13ft, 48, 

63,68ff 
macro, assembly language, 69f 

CREDIT,36f 
definitions, macro assembler, 69f 
file,16 
processor language, 69f 
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MAIN module, 4ft, 7, 41ff, 46f, 49f, 55ft, 58ft, 
63, 77f, 85ft 

main program (climate control system), 43f, 
461,49, 51ff, 63, 77, 85ft 

MainControl (main module), 43f, 47, 49f, 51ft, 
63,77, 82f, 85ft 

matching filenames, 19ft 
memory addresses, See also physical 
memory 

ad(lresses, 7, 75ft, 781 
methods, heating and cooling, 3ff, 42, 45f 
MF command (CREDIT), 37 
modular programming, 6ff, 41f, 461, 49, 63, 

761 
modular structure, See also modular 

programming, 77 
module, absolute, 79 

concept 01, 5FF. 41, 461, 49 
heading, Pascal-86, 45, 491 
LTL (load-time locatable), 78t 
names,82f 
object, See object module 
subordinate, 41,77 

modules, binding, 75ff, 78f 
program, 2ft, 6ft, 16, 41f, 44f, 461, 491, 63, 

76ff, 85ff, 921 
monitor, 91 
moving around in text file, 3211 

naming Gonventions for files, 151 
Nassi-Schneiderman chart, 4 
NDP (8087), 78 
NOEXTENSIONS control, Pascal-86, 55 
non-interactive exeGutipn mode, 241 
NOPRINT Gontrol, Pascal-86, 55 
numeric data processor (8087), 78 

object format, hexadecimal, 8, 95 
object module also called object lile, 16, 55f, 

68,751 
OBJ extension, 16, 55 
octal,831 
offset value, base address, 83 
OH86 utility, 8, 95 
Operate System procedure, 44, 461f, 50, 52ff, 

831,89 
operating environment, Series III, 77ff 
operating system procedures, 25, 78, 95 

Series III, See also operating the Series III 
system, 79, 95 

summary of, 25 
operating the Series III system, 9ff, 12ff, 1511, 

18ft, 21ff, 24f, 78 
OPERATION module, 4fl, 7, 44, 50, 55 It, 58ft, 

77,821,88ff 
operation of Glimate system, 3ft, 44, 46f 
OR operation, PLI M-86, 64, 68 
output disk or device, 19ff 
overlay file, 16 
OVO extension, 16 

P (switch), used with COPY, 15 
P86RNx.LlB (Pascal-86 run-time libraries), 

77f 
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 
PASC86.86 Compiler, 23f, 55t 
Pascal language, 5ff, 27, 39, 411, 45f, 481, 55, 

631,651 
record, 41, 48 

Pascal-86 Compiler and Language, 51, 14, 23, 
25,4111,45,481,551,631,66,681,951 
data types, 451, 481 
run-time libraries, 7711 

pass data by relerence, 7, 481 
by value, 7, 481 

pathname matching, 19ft 
pathnames, 15ff, 1811, 21ft, 241 
percent symbols lor parameters, 25 
physical memory address, 7, 75ft, 781, 83ff 
Pidgin Pascal, 6, 27, 391 
PLlM-86 Compiler and Language, 5t, 14, 48, 

63ff, 66tl, 691f 
data types, 64, 66 

PLM86.86 Compiler, 68 
PLiM language, 6, 251, 45, 63ft, 66, 691, 79 
PLMDATA module, 68, 71ft, 941 
pOinter, character, 3211 
ports, inputloutput, 49, 61, 64ff 
primitives, Series III operating system, 70, 

78,95 
PRINT control, Pascal-86, 55 
printing, blue or black, 10 
printing text lile, 39 
PRIVATE delinitions, Pascal-86, 491 
procedure, typed (PLI M), 64 
procedures, built-in (Pascal-86), 761 

external,76t 
lile input/output (Pascal-86), 78 
operating system, 25 

processor, 8080/8085, 1ft, 7,61 
iAPX 86,88 (8086 and 8088), 1f1, 7, 61 
numeric data (8087), 78 

product, final, 8 
program, executable, 75t 

locatable, 77 
listings, 16, 42, 55ft, 58ft, 68, 71 ft 
main (climate control system), 431, 461, 49, 

51f1 
modules, 211, 6ft, 16, 41f, 441, 461, 491, 63, 

76ft 
source statements, See also source lile, 

55,85 
programmable read-only memory, 2, 8 
programming the system, 9, 70 
programs, executing, 22ff, 25 
PROGRM.86 (test version 01 application), 

77f, 79t, 82ft, 901 



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-86l.·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, 75ft 
references, external, 75ff 
RENAME command, 18ft 
renaming files, 18ft 
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, 75ft, 78f, 81 
run-time libraries, 14f, 23ft, 61,70, 75ff, 78f, 

94f 
run-time system, See a/so run-time 
libraries, 76ft' 

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 a/so modular 

programming, 41 
Series II monitor, 9f 

Series II system, Preface 
service routines, operating system, 70, 78, 

95 
shift operations, PLlM-86, 64, 68 
SHL (shift left) operation, PLlM-86, 64, 68 
SHR (shift right) operation, PLlM-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, 1ft 

Solar collector, 2ft, 42, 45f 
Source disk, 15, 19ft 
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, 2ft 
StoreData procedure, 45f, 50, 53, 87f 
Strachey, Christopher, 63 
string,34f 
structure, PLlM-86, 48 

of software, 4ft 
SUBMIT command, 24f 
subordinate modules, 41,77 
substituting text, 33f 
summary of operating system, 25 
switch used with DIR, 12, 17 
S,YM keyword (DEBUG-86), 83 
symbol table (DEBUG-86), 82ft 
symbolic debugging, 5ft, 82ft 
symbols, 7, 82ff 
SYMBOLS command (DEBUG-86), 82f 
SYMBOLS command (ICE-88), 94 
System Design Kits, 8, 95f 
system climate control, 2ft, 41ff, 44f, 49ft, 

55ft, 58ft, 63, 85ft, 92f 
disk, 9ft, 12ft, 15ft, 21 
files, 11ft, 14, 18, 21 
operation, Series III, See operating the 

Series III system 
run-time, See a/so run-time libraries, 76ft 
turning on, 9f 

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

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

creating and inserting, 28f, 31 
editing, ending session, 38f 
editor (CREDIT), 2, 16, 27ff, 30ft, 33ft, 36ff, 

42 
file, 27ft 
file backup, 16, 19, 38f 
file, displaying, 39 
file, printing, 39 
finding,33f 
scrolling,32f 
su bstituti ng, 33f 

thermocouple voltage, 5, 61ff, 68 
THERMOSTAT$SETTING$FROM$PORTS 

procedure, 64ff, 92ft 
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:TO: (teletype output), 39 
tools, software, 4ff, 7ft 
top-down design, 2ft, 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 (f), 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 III, 2ff, 6ff, 13, 75ft, 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 a/so filename 

matching, 21 
WRITELN procedure (Pascal-86), 61, 76f 
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