
























































































































































PLMJATA 

ISI$-II PL/M-ab H121 CJMPILATICN 0::; M":!::JUlE I'lMDATA 
OBJECT MOOULE PLACED :N PLM:X.:JSJ 
COMDILER INVOKi:i) 3Y: PLM36 �P�L�M�:�X�.�S�~�C� C::lDO: 

10 

11 

,­
INPUTS 

THE RMC S T AT$ S ETTINGSFRQM$PORT S: 

For-mEl! parameta-rs H:GIi and LJW �r�~�e�e�o�i�v�e� POl"'t numbers as actual par!lmeters. 

Input ports H:GI-t C'lnd LOw: Three 3CD digits for the thermostat setting: 

Port HIGH, bits 3-0; hundred �~�s� digit 
POl"'t LOw, bits 7-4: ten's digit 
POl"'t L'JW, bits 3-0: unit"s digit 

T E HI' $ OAT A $ FRO H$ P 0 R T S: 

Formal parameters HIGH .!Ind lOW receiv. POl"t "numbers liS actual parameters. 

Input port I'C::GH: Sinary ADe output of ther"mocoup!e, high""order 8 bits 
Input port LOW: BinC'lry ADe output of thermocouple, low-ol"d.,. S bits 

OUTPUTS 

THERMQSTATSSETTINGSFROMSPDRTS: RetUr"n �w�O�~�O� with s.t'ting in Celsius 

TEMPSOATASFROMSPORTS: �~�e�'�t�U�r�"�n� WORD wi'th tempera·tur"1iJ in Celsius 

-, 
THE R MO S T.A TS S E TTl NG$ F �~�O�M� S P 0 R T S : 

; STATEMENT # 2 
�T�H�E�~�M�O�S�T�A�T�S�E�T�T�I�N�G�F�R�O�M�P�O�R�T�S� PROC NEAR 

0000 55 PUSH 8P 
0001 8BEC MOV BP,SP 

PROCEDURE (HIGH, LOW) WORD; 
DECLARE (HIGH, LOW) WORD; 

0003 
0006 
0007 

0008 
OOOE 
OOOF 

0013 
0017 
OOlA 

DOH 
0022 
0024 
0026 

�~�O�H� 

002E 
0031 

DECLARE CINSPDRTSHIGH, INSPDRTSLOW) lUTE; 
;)ECLARE THERMOSSETTING WORD; 
DECLARE CHUNDREOS, TENS, UNITS) BYTE; 

INSPORTSHIGH INPUT (HIGH); 
; STATEMENT 

885606 MOV ox, CBP). HIGH 
EC IN OX 
88060COO MOV �I�~�P�O�R�T�H�I�G�H�,� AL 
INSPORTSLOW INPUT(LOW) ; 

; STATEMENT 
885604 MOV ox, CBP) .LOW 
EC IN OX 
88060000 MOV INPORTLOW,AL 
HUNDREDS IN$PORTSHIGH AND 000011118; 

STATEMENT 
8A060COO MOV AL,lNPQRTHIGH 
80EOOF AND AL,OFH 
88060EOO MOV HUNOREOS,AL 
TENS = SHR(INSPORT$LOw, 4) ; 

; STATEMENT 
8A060000 MOV AL,INPQRTLOW 
8104 MOV CL,4H 
02E8 SHR AL,Cl 
88060FOO MOV TENS,AL 
UNITS = INSPDRTSLQW AND 000011118; 

; STATEMENT 
8A060000 MOV AL,INPORTLDW 
80EOOF AND AL,OFH 
88061000 MOV UNITS, AL 

# 7 

# 8 

# 9 

# 10 

# 11 

Figure 5-3. Listing of PLMDATA with the CODE Control 
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II a TH~RMaSSETTING .. UNITS + 1Q*Tf!NS + 100*HUNOREOSi 
; STATEMENT. 12 

OOH BAObPFOO MOV AI.,T,NS 
OQU 8104 HOV CI.,OAH 
QO~' FH1 HUL CI. 
OQ~O uoe100P MOV .u,U~ITS 
0041 B500 MOV CH,OH 
0043 03e1 AOO +,x,cx 
OOU 50 PUSH AX ; 1 
0046 U060EOO MOV ,l1.,.,HUNOREOS 
OPU .164 MOv Cl,.,f>4H 
OOH F6e1 MUI. tl. 
QQ4E 59 PO" ex ; 1 
004F D3C1 AOO AX.lC;X 
OQS1 89060000 MOV 1H E RH 0 S e: TTl:.NG, A X 

U RETURN THERMOS.S ETT lNG, 
; STATEMENT 

• 13 0055 50 ~OP ~p 

OOH C20400 RET 4" 
14 ENQ THE RHOS T AT$SETT ING$FR ~MSPJRTS; 

. ; STATEMENT 11 14 
TH,RMOST ATSnTINGF'OMPO~T s ENOP 

I- 4AOth,I" typed pl"lI!H;.e~ur. to return temp.reture datill which 
uses 'th, INTERP:jL4TS typed Ifjrqeedure, *, 

I- INTeRftOLAT~ is a 1YQUI proeedur9 thllt receives thermClco\.lpl(t 
volt.gl "nd ,..1:\.Il"n5 "ttmc,rllt\.ll"'e 11'1 Celsius using an 
int.",!:?ol,t;iQn l"outif'llJ' */ 

n IfllT!RPOI,.ATE; 
; STATEMENT 

• 15 
INT;~I'OL.ATe "litOC NEAR 

0059 55 PUSM S" 
OQ5, nEC MGv 3 P,SP 

U~CEOU.E(VOLT$IN) WORO; 
H l ~E~~"E VOI.T$(*) .010 DATA to, S1, 1 02,154, 206, 258, 365,472); 
'1 ~ O~C:~.Re T$Ce\.c",) WORO OATA(O,10;20,30,4C,50,70,90); 
18 ~ O'~~UE (l, VOLUIN, N~ME~'TOR) WORO; 

19 • = 0; 
; STATEMENT .19 

QQ$t C70~OlOOOOQO M~¥ 1IOH 
20 f< VOL TUN<1 T~eN RerURN 1$O!I.O); 

STAT;MENT * 20 
006l 817EQ~0100 CM' CSP).VOLTIN,1H 
0061 7203 Je $+5~ 
DOb9 <9DOOO JMP ~1 

; STATEMENT 
• 21 OO~t uaooa MOV &X,OH 

OO~. 01 E3 SHL &X,1 
0071 8B~71 OOQ MOV AX,TCEL[BX) 
001$ ~O pop BP 
0076 C20?OQ RP 2H 

;1 : 
~2 DO .HHE VOLT UN ) VO~TSII); 

I STAHMENT • 22 
a2. 

00 79 UHOlOO MQV PX,I 
007Q 01n SH~ 8X,1 
007" U460~ MOV I\X, [e'J. VOL TIN 
coU 3B~70000 CM' AX,VOI.TSCeXl 
0086 77Q3 JA S+SH 
0088 ;90700 JMP a3 

23 I ~ I + 1; 
STATeMENT. 23 

OOIS FF060200 !NC 
~4 END; 

STATEMENT 24 
008F e9E7F' J~p az 

U: 

25 
/'It $hj.ft for l"ounQing, and ,..tl,lrn Cel'ius .teml)erature *1 
NUM!~ATOR • S~~, (VOL TSIN-VOI. T S (I-1» - (T$CEL (Xl-TSC! L( 1-1», 1); 

; STATEMENT * 2S 
0092 a.a020a MOV 1$)(,1 
0096 48 oec ex 
0097 OH3 SHL 8X,1 
0099 8687000·0 HOV AX,VOI. TstUl 
0090 884e04 MOV 0, [BPl. VOL TIN 
OOAO 28t8 SUB eX,AX 
00A2 8B360?00 MOV $1,1 
00A6 01<6 SHL SI,1 

Figure 5-3. Listing of PLMDATA with the CODE Control (Cont'd.) 
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26 

27 

28 

00A8 88971000 MOV DX,TCEl(SX) 
OOAt 889tl000 MOV 8X,TCEl.(SI) 
0080 280A SU8 BX,DX 
0082 50 PUSH AX 
0083 89C8 MOV AX,CX 
0085 52 PUSH OX 
00B6 F7E3 MUL 8X 
00B8 01 EO SHL Ax,l 

008A 89060400 MOV NJMERATO~,AX 

RETuRN TSCElCI-1) + $HR (NUMEQATOR/ (VOL T S (I) -VOL TS< 1-1» +1, 
; STATEMENT II 26 

DOBE 889tOOOO MOV BX,VOLTS(SIJ 
00e2 5A POP Ox 2 
000 59 POP ex 1 
00e4 2809 SUB 8X,CX 
00e6 52 PUSH OX 
00e7 3102 XJR Ox, DX 
00e9 F7F3 DIV BX 
OOCB 40 INC AX 
ooee 01E8 SHR Ax,1 
OOCE 59 POP CX 
ooeF 03e 1 AOO AX, ex 
0001 50 POP BP 
0002 C20200 RET 2H 

ENO INTERPDLAT!:i 
STATEMENT # 27 

INTERPOLATE ENOl' 

T EMP$OATA$FROMSPORT S: 

TEMPO AT AFRJHPQ RT S 
; STAT!:MENT II 28 

PROC NEAR 
0005 5S PUSH SF' 
0006 8BEe MOV BP,SP 

PROCEDURE(HIGH,LOW) WORO; 
29 oeCLARE (HIGH,LOW) WORO; 

1); 

30 OECLA~E IN$PORTSHIGH ",:lAD; ,* ADDRESS in Mc:C"i!lc:ken~s book *' 
31 DECLARE IN$PORT$LOW BYTE; 
32 OECLARE (THERM(JCOUPLE$OUTPUT, TEMPERATURE) WORO; 

33 

34 

35 

36 

37 

38 

39 

0008 
OOOB 
oooe 
OODE 

00E2 
00E5 
00E6 

OOEA 
OOEE 
OOFO 
00F2 
00F6 
00F8 
OOFA 

OOFE 
OOFF 
0102 

INSPORTSHIGH INPUT (HIGH); 
; STATEMENT • 33 

885606 MOV ox, (SP). HIGH 
EC IN Ox 
8400 MOV AH,DH 
89060600 MDV INPQRTHIGH,AX 
INSPORTSLOW INPUT (LOW); 

885604 MOV 
; STATEMENT II 34 

OX,CSP) .lOW 
EC IN OX 
88061100 MOV INPORTlOW, AL 
T HE ~MOC au PL!: SO UT P UT SHL CINSPORT$HIGH, 8) OR INSPQRTSLOW; 

8B060600 
Bl08 
D3EO 
8AO.1100 
8500 
OBe1 
89060800 
TEMPERATURE 

; STATEMENT II 35 
MOV AX,INPQRTHIGH 
MOV CL,8H 
SHL AX,Cl 
MOV CL,INPORTLOW 
MOV CH,OH 
OR u:,cx 
MOV THERMOCOUPLEQUTPUT,Ax 

INTE RPOLATE (THE RMOC OUPL E SOUT PUT) ; 

SO PUSH 
; STATEMENT II 36 

AX ; 1 
E8S7FF CALL 
89060AOO MOV 
RETURN TEMPERATURE; 

INTERPOLATE 
TeMPEiaTURE,AX 

; STATEMENT II 37 

0106 88060AOO MOV AX,TEMPERATURE 
BP 010A SO PCP 

0108 e20400 RET 4H 
ENO TEMPSOATA$FROMSPORTSi 

TEMPOAT AF ROMPO:n S 

END PLMOATA; 

i STATEMENT It 38 
END? 

; STATEMENT II 39 

MOOULE INFORMATION: 

CODE ARE' SIZE 
CONSTANT AREA SIze 
VARIABLE AREA SIZE 
MAXIMUM STACK SIZE 
95 LINES READ 
a PROGRAM ERROR(S) 

ENO OF ~l.IM-86 COMPILATION 

010EI-! 
0020H 
0012H 
0010H 

2700 
320 
180 
160 

Figure 5·3. Listing of PLMDATA with the CODE Control (Cont'd.) 
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CHAPTER 6 
USING UTILITIES TO PREPARE 

EXECUTABLE PROGRAMS 

"Three things are to be looked to in a building: that it stand on the right spot; that it be securely 
founded; that it be successfully executed." 

-Johann Wolfgang Von Goethe 

You must do three things to prepare and execute programs successfully: link program 
modules to resolve external references, locate the linked modules by binding them to memory 
addresses, and run the program in the appropriate operating environment. 

These things are easy to do for most high-level language programs. Easy-to-use utility pro­
grams perform these operations for you. They are also flexible enough to allow you to perform 
more complicated linking and locating operations for programs that refer to physical memory 
addresses. The compilers for high-level languages usually produce programs that do not refer 
to physical memory addresses; these programs can be linked and located in one easy step. 

The diagram in figure 6-1 shows the process of linking and locating (binding to addresses) 
modules to prepare a program that can be RUN on the Series III system (or debugged via 
DEBUG-86, described in Chapter 7). 

MODULES CONTAINED 
OBJECT MODULES IN RUN·TIME 

AND FROM COMPILERS 

USER'S LIBRARIES OR ASSEMBLERS 

t t 

9 
t 

~ l 
DEBUG-86 RUN 

Figure 6-1. Using Utilities to Prepare Executable Programs 121632-6 
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PREPARING A LIBRARY OF PROGRAM MODULES 

A library is any collection of public modules-modules that contain public procedures that can 
be used by programs. Some libraries are supplied by Intel; for example, the run-time system 
used with Pascal-86 programs is supplied as several library files. Pascal-86 has a number of 
built-in procedures that you can use in any Pascal-86 program-these procedures can be 
found in the supplied run-time libraries. To use any of the built-in procedures, you must link 
the run-time libraries to your program modules using the LlNK86 utility. 

You can also build your own library files using the LlB86 utility. With the LlB86 utility you can 
create a library, add modules from another library, add new modules, delete modules in a 
library, and list the names of modules in a library. 

The following example shows a session with LlB86. We create a new library called TONY.LlB, 
and then we ADD to it some of the modules from a supplied run-time library called P86RN2.LlB. 
We then LIST the modules in TONY .LlB, and EXIT from the LlB86 utility: 

-RUN LI B86<c r> 
SERIES-III 8086 LIBRARIAN V1.0 
*CREATE :F1:TONY.LIB<cr> 
*ADD :F1:P86RN2.LIB(MOD1, MOD4, MOD?) TO :F1:TONY.LIB<cr> 
*LIST :F1 :TONY.LIB<cr> 
TONY.LIB 

MOD1 
MOD4 
MOD7 

*EXIT<cr> 

The linker (LlNK86) treats library files in a special way. As shown in the next section, you 
specify your program modules first in the LlNK86 command line, then you specify the 
appropriate libraries. You must be sure to link these modules in the proper sequence. 

Why? Remember that your program's main module refers to procedures that exist only in 
other modules-external procedures. The linker must be able to find the external procedures. 
LlNK86 remembers the references to external procedures in the first module, and looks in the 
subsequent modules for those external procedures. If it cannot find the external procedures in 
subsequent modules (maybe because you erroneously specified the library before specifying 
the program modules in the LlNK86 command line), LlNK86 will generate an error message. 

The built-in procedures supplied with Pascal-86 (READLN, WRITELN, etc.) are external pro­
cedures contained in the modules included with the run-time support libraries. LlNK86 will first 
see the reference to these procedures in your program modules, and then it will look in the 
librpries for the modules that will satisfy those references. LlNK86 will only link in those 
modules that are needed to satisfy external references; it will not link in the entire library of 
modules unless your program modules refer to all of the library modules. 

Since you do not need to use LlB86 to handle run-time libraries supplied with Pascal-86, you 
only need LlB86 to handle your own libraries. Why would you set up your own libraries? To 
manage sets of repetitive modules. In many software development labs, modules useful to 
many different programs would either be lost or repeated. Libraries are sets of modules that 
are easily maintained through use of the LlB86 librarian. The LlNK86 utility is capable of 
searching such a library and only checking out the modules needed for the linked program. 



USING UTILITIES 

LINKING MODULES TO FORM A LOCATABLE PROGRAM 

Most modular programs have a main module that calls procedures in other subordinate 
modules. Although a subordinate module can call a procedure in the main module, most calls 
are from the main module to a subordinate module, and the modular structure resembles an 
upside-down tree, as shown in figure 6-2. We included the run-time system modules in this 
tree, since the program modules rely on the built-in procedures and operating environment 
calls found in the run-time system. 

When you link these modules together using the LlNK86 utility, you allow LIN K86 to see the 
main module first, because the main module is the most abstract; that is, it has the highest 
level of abstraction, and it calls procedures in lower levels to perform each activity. You should 
then allow LlNK86 to see the next subordinate level of modules, and so on. 

The last group of modules for LlNKB6 should be any run-time system libraries that are needed 
to perform the built-in procedures (READlN, WRITElN, etc.). The run-time system libraries 
contain modules that are at the lowest level of abstraction-these are the modules that call 
procedures in the operating environment of your system (the operating environment is usually 
invisible to you, but not to your Pascal program). 

For an example, we will link together the modules needed to test our main program in the 
Series III environment. We start with our main module MAIN.OBJ, which holds the MainControl 
module. We link to it the test versions of the modules GetData found in DUMDAT.OBJ, and 
Operation found in DUMOP.OBJ. Finally, we link in the modules we need from the run-time 
system libraries P86RNO.LlB, PB6RN1.LlB, P86RN2.LlB, P86RN3.LlB, 87NUll.LlB, and 
lARGE.LlB (we explain these libraries after the example): 

-RUN LINK86 :F1:MAIN.OBJ,:F1:DUMDAT.OBJ,:F1:DUMOP.OBJ,&<cr> 
»:F1:P86RNO.LIB, :F1:P86RN1.LIB,:F1 :P86RN2.LIB,&<cr> 
»:F1 :P86RN 3.LIB,:F1 :87NULL.LIB, :F1 :LARGE.LIB&<cr> 
»TO :F1:PROGRM.86 BIND<cr> 

let's explain this example. We used the RUN command to run the LlNKB6.B6 utility in the "B086 
side" of the Series III. We specified the three object modules of our program, and then we 
specified all of the run-time libraries needed to run our program in the Series III environment. 

MAIN CONTROL 

RUN·TlME SYSTEM MODULES 

Figure 6-2. Main Module with Subordinate Modules 121632-7 
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We directed the output to a file called PROGRM.86. Finally, we specified the BIND control in 
order to make PROGRM.86 an L TL (load-time locatable) program. The BIND control is the 
easiest way to make a program locatable in the Series III environment (more on BIND in the 
next section). PROGRM.86 can now be loaded and executed (via the RUN command) in the 
Series III system. 

The run-time system libraries P86RNO.LlB and P86RN1.LlB are required for any Pascal-86 pro­
gram that needs run-time support. The libraries P86RN2.LlB and P86RN3.LlB are required for 
any Pascal-86 program that uses the file inputloutput procedures and other operations per­
formed by the operating system. The 87NULL.LlB is needed for programs that do not use 
either the 8087 processor or emulator to perform real arithmetic. Since our program has no 
REAL data types, it does not perform real arithmetic; therefore, it needs the 87NULL.LlB 
library (if it did perform real arithmetic, it would need other libraries). Finally, to run any 
Pascal-86 program on the Series III system, you need to link the LARGE. LIB library to the pro­
gram. The LARGE.LlB library contains the primitives (service routines) used to perform opera­
tions in the Series III environment. 

The run-time system is separated into several libraries so that you can customize your run­
time environment if you so wish. The libraries described above are the default libraries used to 
run programs on the Series III system, if your programs do not use REAL data types. If your 
programs use REAL data types, you would not use 87NULL.LlB; instead, you would use the 
8087 processor with the library 8087.LlB, or the 8087 software emulator with the libraries E8087 
and E8087.LlB. Consult the Pascal-86 User's Guide for specific information about the run-time 
system libraries. 

LOCATING AND RUNNING PROGRAMS 

A program must reside in actual memory before it can run. The locating process assigns actual 
(physical) memory addresses to a program. There are two ways to accomplish the locating 
process: 

1. Using LlNK86 with the BIND control to produce an LTL module (discussed in the next 
paragraph), which can be located, loaded, and executed automatically by the RUN 
command 

2. Using LlNK86 (without the BIND control) to produce a linked module, then LOC86 to locate 
the module in an area of memory you speCify, and finally RUN to load and execute the 
program 

The simplest locating operation involves using the LlNK86 utility with the BIND control, as 
shown in the previous example. This Simpler process, called binding, binds modules to logical 
segments, which can be located in actual memory by the RUN command in one fast step. 
Modules produced by the LlNK86 utility with the BIND control are called load-time locatable 
modules (L TL modules). An L TL module is a module that can be located almost anywhere in 
memory, and so the RUN loader can easily locate it in the Series III environment for you. The 
DEBUG-86 debugger can also locate an L TL module for you, as we will show in the next 
chapter. 

For example, our LlNK86 example in the previous section bound the modules properly to form 
the program PROGRM.86. Now, in one step, you can locate this bound program in actual 
memory, load it into memory, and execute it in the "8086 side" (8086 execution mode) of the 
Series III system by using the RUN command: 

-RUN : F1 : PROGRM<c r> 



USING UTILITIES 

Note that we did not type PROGRM.86, only PROGRM. The RUN loader looks for the" .86" 
extension automatically, unless you specify another extension or a period at the end of the 
name (the period signifies no extension). 

High-level language programmers usually do not burden themselves with more details about 
locating programs. However, assembly language programs and some PUM programs fre­
quently refer to physical addresses rather than symbolic (logical) addresses. These program 
modules are called absolute modules because they use absolute physical addresses. 
Absolute modules cannot be located automatically by the RUN command-they must be 
relocated first by the LOC86 utility. 

There is a case when even the simplest program must be located by LOC86: if you intend to 
debug your program using an ICE-86 or ICE-88 emulator, you must locate the program with 
LOC86 to make it an absolute module. The ICE (In-Circuit Emulation) loaders can only load 
absolute modules. 

For an example, we will link our new PUM-86 module PLMDAT.OBJ to our program, along with 
another version of our GetData module in DATA.OBJ, and produce the linked module 
MAIN.LNK: 

-RUN LINK86 :F1:MAIN.OBJ,:F1:DATA.OBJ,:F1 :PLMDAT.OBJ,&<cr> 
»:F1 :DUMOP.OBJ,:F1:P86RNO.LIB, :F1 :P86RN1 .LIB, :F1 :P86RN2.LIB,&< cr> 
»:F1 :P86RN3.LIB, :F1 :87NULL.LIB, :F1 :LARGE.LIB<cr> 

Since we did not specify a new filename with a "TO" clause, the LlNK86 utility directed the 
linked output to the file :F1:MAIN.LNK (LlNK86 takes the name of the first object module 
MAIN.OBJ, and changes its extension to LNK to make MAIN.LNK). Now we are ready to locate 
:F1:MAIN.LNK with the LOC86 utility: 

-RUN LOC86 :F1 :MAIN.LNK TO :F1 :PROGRM.86 RESERVE(200H TO 77FFHl<cr>. 

We used the RESERVE control with LOC86 to reserve an area of memory for the Series III 
operating system. LOC86 will not locate anyprogram segments in the area between addresses 
200H and 77FFH ("H" is for hexadecimal). You must leave room for the Series III operating 
system to execute programs in the Series III environment. 

The LlNK86, LOC86, and LlB86 utilities are described in detail in the iAPX 86,88 
Family Utilities User's Guide for 8086-8ased Development Systems. This manual 
describes all of the utilities for iAPX 86 or iAPX 88 applications development. 
These utilities are designed to be used in 8086-based development systems like 
the Series III. 

We can now RUN our program on the Series III system: 

-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> 
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Type the tempera~ure 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 
T~mperature of the heated tank water is 70C 
Time of day is 13:25 
Amount of sunlight is 

=============================================== 
The Climate System is now operating. 

The time is 13:25 
The inside temperature ;s 21C 
The thermostat setting is 24C 
Method chosen to heat the bui lding: Solar Collector to Exchanger 
=============================================== 

... oO .......................................................................................... .. ................................................................................................ .. 
No panic occurred, ABNORMAL shutdown • 
................................................................................................ .. ................................................................................................ .. 
Last chosen heating method was: Solar Coll~ctor to Exchanger 
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 1 
............................................................................................................ .......................................................................................................... .. 

Goodnight, Irene ... 

What happened!? Our program stopped with an abnormal shutdown! It had no trouble picking 
the right heating method; however, something caused the variable Operating to become 
FALSE, without setting Panic to TRUE. We will have to debug the program in the next 
chapter ... 



CHAPTER 7 
DEBUGGING AND EXECUTING PROGRAMS 

"Appearances are often deceiving." -Aesop 

We have written program modules and they compiled correctly. We used the LlNK86 utility with 
BIND to link the modules into a program and prepare it for execution. By all appearances, it 
looks like it will work as planned. 

However, when we loaded and executed (via the RUN command) the program, something 
mysterious happened-the "hidden glitch" struck! 

We now have to debug our program~find all of the "hidden glitches" and fix them. Debugging 
is so essential to programming that in most software development efforts, more time is alotted 
to debugging than to any other activity. 

Debuggers are programs that monitor a program's execution and allow you to stop execution 
and check details. Usually a debugger is part of an execution vehicle-a piece of hardware 
your program executes on, or a piece of software your program executes in. The debugger 
monitors the activity in the execution environment. 

For example, the Series III provides two execution environments or execution vehiCles: the 
8085 execution mode and the 8086 execution mode .. To debug programs that run in the 8085 
execution mode, you type the DEBUG command on the "8085 side" (8085 execution mode) to 
start the Monitor. To debug programs that run in the 8086 execution mode, you RUN the 
DEBUG command on the "8086 side" (8086 execution mode) to start the DEBUG-86 debugger. 
Both debuggers reside in ROM. 

With a debugger you can load and execute a program (rather than using RUN), and stop the 
execution to check the values of variables, the contents of registers, and other details. You 
can also change such values, and perform other activities that monitor a program's execution. 
You can even execute your program one step at a time. 

Since the Monitor (for80B5· execution mode) is described in several Intel documents 
(McCracken's Guide to Intel/ec Microcomputer Development Systems and the Intel/ec Series 
III Microcomputer Development System Console Operating Instructions), we will devote this 
chapter to describing DEBUG-B6 and the ICE-BB emulator (a version of the1CE-B6 emulator) for 
debugging programs in the BOB6 execution mode for iAPX 86,88 applications. 
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USING DEBUG-8S FOR SYMBOLIC DEBUGGING 

Debuggers are useful because they load and execute a program for you, and they allow you to 
stop execution at any point you specify. If you are an assembly language programmer, your 
program directly uses registers and memory locations; you would want to check the contents 
of these registers and memory locations. If you are a high-level language programmer (PLlM, 
Pascal, FORTRAN, etc.), you do not directly refer to registers and memory locations; you 
would rather check the values of your variables, or symbols. 

For example, we know we have a problem with our program: the variable Operating should 
always have the boolean value of TRUE as long as Panic is FALSE. If Panic is set to TRUE, 
Operating should then become FALSE; however, Operating is somehow set to FALSE while 
Panic remains FALSE. During the execution of our program, we should be able to stop execu­
tion and check the value of Operating. 

One way to do this is to find the address of Operating and check its contents. A better way 
would be to simply ask for the value of Operating in a command such as: 

*BOOlEAN BYTE .. MAINCONTROl.OPERATING<cr> 
FALSE 

In DEBUG-86, you can execute our program and stop its execution anywhere. You can then 
use the above command to find the boolean (true or false) value of Operating without knowing 
where Operating is located. 

In our program there is only one symbol named Operating. If there were more than one, we 
would specify the symbol by specifying both the module name and the symbol name (e.g., 
.. MAINCONTROL.OPERATING), as we did in the above example. We would have obtained the 
same result by specifying only ".OPERATING". You use two periods as a prefix to module 
names, and one period as a prefix to symbol names. 

To do symbolic debugging using the symbols in your program, you must compile your program 
using the DEBUG compiler control (see Chapter 4 for the Pascal-86 compiler, and Chapter 5 for 
the PLlM-86 compiler). The DEBUG compiler control produces a symbol table for your pro­
gram, which can be loaded by DEBUG-86. If you do not use the DEBUG compiler control while 
compiling, you can still do symbolic debugging by defining all of your symbols from within 
DEBUG-86. 

To invoke DEBUG-86, use the following command: 

-RUN OEBUG<cr> 
OEBUG 8086, V1.0 
* 

DEBUG-86 is now in control, as shown by the asterisk (*) prompt. You can now type DEBUG-86 
commands. To load PROGRM.86 and its symbol table, type the following command: 

*lOAO :F1 :PROGRM.86<cr> 

You can check the symbol table by typing the SYMBOLS command: 

*SYMBOlS<cr> 
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The symbol table contains each module name and symbol name, with their addresses. You 
can find the address of a single symbol by typing the name of the symbol. For example, we 
want to know the address of the call (in module MainControl) to the procedure OperateSystem 
(which is in the module Operation): 

* .• MAINCONTROL.OPERATESYSTEM<cr> 
.. MAINCONTROL.OPERATESYSTEM=0481:06CCH 

DEBUG-86 knows where to start executing the program by looking at the contents of the CS 
and IP (CS:IP) registers. The CS register holds the starting address of the program's code seg­
ment, and the IP register holds the address within the code segment where the program 
should start execution. CS and IP change as the program executes; therefore, to preserve the 
starting location of the program, we create a new symbol called .START to hold the starting 
address: 

*DEFINE .START=CS:IP<cr> 

We could also check the contents of CS:IP: 

*CS<cr> 
CS=0481H 
*IP<cr> 
IP=OFD6H 

You should familiarize yourself with addresses. The 8086 and 8088 processors use 20-bit 
physical addresses separated into two words: the segment base address and the offset value. 
The CS register holds the code segment base address, and the IP register holds the offset 
value. All addresses are in hexadecimal notation (the "H" stands for hexadecimal). All 
addresses are displayed with the segment base, followed by a colon, followed by the offset. 

The EVALUATE (abbreviated "EVA") command is useful for evaluating numeric and character 
values and addresses. For example, the number 4142H can be represented .in several ways: 

*EVA 4142<cr> 
1000001010000Y 40S02Q 16706T 4142H 'AB' 

When you type a number by itself, DEBUG-86 assumes the number is in hexadecimal notation. 
The number 4142H is equivalent to the decimal number 16706 ("T" denotes decimal notation), 
the octal number 405020 ("0" denotes octal notation), the binary number 1000001010000Y ("Y" 
denotes binary notation), and the ASCII characters "AB" (41H is the ASCII code for "A" and 
42H is the ASCII code for "B"). 

The EVA command will also find the closest symbol that has the address you specify. The 
keyword SYM tells the EVA command to evaluate the address symbolically: 

*EVA 481:6CC SYM<cr> 
.• MAINCONTROL.OPERATESYSTEM 

We will now execute our program and stop its execution before it executes the OperateSystem 
procedure. The GO command will start executing at the beginning of the program, which it 
knows by looking at the CS and IP registers (CS:IP). You could specify an actual address with 
GO to start from, or the line number of a program statement, or a statement label; however, we 
do not use statement labels in our program. We want our program to stop while it is executing 
the main (WHILE Operating) loop, not at the start of the OperateSystem procedl ·e in the 
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Operation module (since procedure definitions do not actually execute). Our program will GO 
until it reaches the starting address, in the MainControl module, of the call to the 
OperateSystem procedure: 

*GO TILL •. MAINCONTROL.OPERATESYSTEM<cr> 
Climate System is now on. 

During execution, we type in the 
temperatures and other data. The program 
stops and DEBUG-86 displays the next 
instruction to be executed (in assembly 
language fo rm) . 

0481: 06CCH PUSH BP 
** 

At this point, we can check the boolean values of both Panic and Operating: 

**BOOL BYTE .PANIC<cr> 
FALSE 
*BOOL BYTE .OPERATING<cr> 
FALSE 

To make sure the program stopped at the right place, we evaluate the CS and IP registers 
symbolically: 

*EVA CS:IP SYM<cr> 
.. MAINCONTROL.OPERATESYSTEM 

Another useful DEBUG-86 command is the STEP command. From any pOint of program execu­
tion, you can execute the program step by step-one machine instruction at a time. The STEP 
command also displays the next machine instruction to be executed. This display is in 
"disassembled" form-the machine instruction is translated back into assembly language: 

*STEP<cr> 
0481:06CDH 

* 
MOV BP,SP 

STEP executes one machine instruction and displays 
the next one disassembled. Another STEP would 
execute the displayed instruction. 

We will now change the value of Operating to be TRUE. A boolean variable is TRUE if its 
numeric value is odd; FALSE Wits numeric value is even. Why? Because a boolean is TRUE if 
its rightmost bit (in a binary representation) is 1, and FALSE if its rightmost bit is O. All even 
values written in binary form end with a 0 in the rightmost bit, and all odd values written in 
binary form end with a 1. 

To change the value of Operating, we must also specify BYTE, since it is only one byte long: 

*BYTE .OPERATING=1<cr> 
*BOOL BYTE .OPERATING<cr> 
TRUE 
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We can now continue execution with a GO command: 

*GO<cr> 
============================================== 
The Climate System is now operating. 

Execution continues correctly, and the 
program loops back to the GetOata 
procedure to obtain more data. As we 
continue execution, the program once 
again erroneously changes Operating 
to FALSE. 

We can use our .START symbol to start execution once again at the beginning of the program: 

*GO FROM .START TILL •• MAINCONTROL.OPERATESYSTEM<cr> 

After repeating these debugging operations, we are sure that our error occurred at the state­
ment where Operating is set to FALSE while Panic is set to TRUE. 

Refer to the listing in Chapter 4. The Pascal-86 statement numbers are in the "STMT" column 
of the listing. The "LINE" column shows the source file line numbers (you can use the line 
numbers with CREDIT to display, edit, move, or copy particular lines). 

Between statements 37 and 40 (source lines 68 and 70), we have an ELSE clause that should 
only execute if the temperatures are not greater than the minimums necessary to heat the 
building. Panic should be set to TRUE and Operating should be set to FALSE, if this ELSE 
clause executes. 

However, the "ELSE Panic:=TRUE" is not executing, but the "Operating:=FALSE" is always 
executing! The error is one of omission: to have two statements execute as part of an ELSE 
clause, they must begin with BEGIN and end with END, as shown: 

ELSE BEGIN 
Panic:=TRUE; dp~t;ng:=FALSE; 

END; 

To make this change, we must re-edit MAIN.SRC, re-compile MAIN.SRC to obtain 
a new MAIN.OBJ, and re-link the modules using L1NK86 (with BIND, as shown in 
Chapter 6). Figure 7-1 shows the revised listing, with the corrected ELSE clause 
shaded, and a sample run of the program. 

SERIES-III Paseal-S6, X031 09/01/80 PAGE 1 

Source I=il.: ;F1:MAIN.Src:C 
qbject File: :1:1:MAIN.OSJ 
Controls Specified: :lE5UG. 

STMT LINE NESTING 
1 1 0 0 
2 2 0 0 

SOURCE TEXT: :F1:MAIN.SRC 
MODULE MiOIinContl"'oli 

(* Interface specificatior: common to all modules *) 

SINCLUDE (: 1=1: INSPEC. SRC) 
=1 PU5LIC MSlinContl"'oli (*section of intel"'face specification*) 

Figure 7·1. Climate Control Program Listing and Sample Run 

MA INCQNTQ:OL 
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=, 
=, =, ., ., ., ., 
=, 
=, 

" =, 
'2 =, =, =, ., ., ., 
'8 =, ., 
20 ., 
2' ., ., 

'0 23 ., =, ., 
" 26 0 =, 
'2 27 0 =, 
'3 28 0 ., 
'4 29 0 ., 
'5 30 0 =1 ., ., ., 
16 34 0 0 ., 
'7 35 0 0 ., ., 
'8 17 0 ., 

·1 
19 39 0 0 '1 
20 40 0 0 =, 

=, 
21 42 0 ·1 

-1 
22 44 0 0 =1 
23 45 0 0 " 24 46 0 0 " 
25 

26 13 0 
26 14 1 
27 15 1 
27 16 2 
28 17 2 
28 18 3 
29 19 3 

31 21 

33 23 

35 25 

37 27 

38 29 
40 30 
41 31 
42 32 
43 33 
45 34 
46 35 

46 39 
47 40 
48 41 
49 42 
50 43 
50 44 
5' 4S 
52 46 
;] 47 
54 48 
56 49 
57 50 

86 

CONST ("'declarations declar.d publicly in tl'l15 modul •• ) 

Minimum 1=0 roE)C change,.. 
M i n1 mumF 0 ,-Heat P urnp 

35i (*degrees Celsius.) 
13; 

TYP!: (*definitions J)ublicly defined in this module.> 

Air-Tempe,.lItu"" =-20 •• 120; (*degrees in Celsius.) 
Wat.,..Tem!)eratur. =0 •• 120; 
H. a tin9M1 t !'Iod 5 = (C ollee t'orToE xc "'an 0'''' 

SystemOata 

Co llee torT oHeat PUIIIP' 
T ankToExel'tang.,.., 
Tank T oH eatP UI'III), 

He at ed T ankT oHea tP ump, 
NoM,thad); 

RECORO 
CI'tOsltnMethod 
Insider.mp, 

H •• tlngHethods; 

11'1 &,.11105 tat Set t1 no 
ColI ec torWe t,,,T emp, 
rankwat.,.Temp, 
Hest.dTankT •• p 
Arnou n t 0 f Sun 1 i ;I'It 
Hour 

Water-TIIIIP.ratu,...; 
Integer; 
00 •• 24; 

Minute 00 •• 59; 
END (*S)'stemData*>; 

VAR (*v8 ... iables publicly defined in this module.*) 

Cu,.,.entOata 
0I)e,.8tin;, Panic 

: SystemOata; 
: BOOLEAN; 

PUBLIC GetOata; C"'G,tOata Module cont.tni"g GetOeta & Sto,.eOata*) 

PROCEDURE GetO.ta(VAR Cu,.,..ntOata:Syste.Oata); 
PROe EOURE S to,.e Oat a (VAR C u,.,.ent Oa til: Sy stemOata) ; 

PUBLIC Operat10n; (*Ol)eration Module containing OperateS.y.tem, 
StartUpSyste", and ShutOolilnSystem*) 

PROCeDURE StartUpSystem; 
PROC e OUR e O~"r a te S Yltem (VA R C u,.,.. ntOat a: SysteMO ata) ; 
PROCeDURE ShutOolinSystem C VAR CurrentOllta: SysteIllOati!l); 

PROGRAM lola i nC on tro l( INPUT, a UT PUn; 

(* end of inte ... of'i"ce specification *) 

PROC EOU U Oetel"mineMetl"lod (VAR CUl"rlntOata SY5temOatll); 
BEGIN 

WITH CUl"l"entOatEl 00 
BEGIN 

IF InsideTemp<Tl"lermostatSetting TIoIEN 
BEGIN 

END 

IF Collec to,.Wa t el"T emp>Min imumFor E xch anger THEN 
C 1'10 se nMethod: =Co llec torT 0 E xch an gel" 

ELSE IF CoUectoI"Wa-teI"Temp>MinimumForHeatPump THEN 
C nos en.'" e t h od: =Co llec t ol"T oHllit Pump 

elSE If: TankWatel"Temp>MinimumForExchangel" THEN 
C h 0 sen Met hod: = T link T 0 Ex c han gIl" 

elSe IF TankWatel"TemD>MiniMulIIFol"HeatPump THEN 
Chosen Me t 1'10 d: =T a nk ToHeat P u IIIP 

ELSE IF HeatedTankTemp>MiniliumFol"HeatPump THEN 
o 

ELS:: (*no heating ,.eQuest*) ChosenMethod:=NoMethod 
ENO; (*With CurrentOilta*) 

eNO; (*Oetel"mineMethod) 

(* * ... ** * * ... * * * .... * * MA IN PR OG RAM ... **** *** ** ... ** ** **** ** ** * *** * *** * * * * *) 

B,GIN 
Stal"tUpSystem; 
:Jpel"lItin;:=T~U:; 

Panic;=FALS:; 
WHIL:: Oper:otin; 00 (*wh11. system is ope,.ating, do;*) 

Se:;I"l 
GatOataCCu"l"entOah); (*Get tl"le temps, time, etc.*) 
Stol"eOSlta(CUl"r."tData); (*$to ... e this data as "ecol"d*) 
Oete,.mineMethod(C:.Jl"l"entData); (*t"'is detects 1I panic"') 
OperateS y stem (Cul""'entData); 

ENO; C*while operating"') 
Shu t 'jown S y stem (C u "I"e n t 0 at a) ; 

EN;). (*Main Control Algorithm*) 

Figure 7·1 . .Climate Control Program Listing and Sample Run (Cont'd.) 
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Summary Information: 

PRDCE:JURE 
OETERMINEMETHOO 

To tal 

96 Lines ~"ad. 
:J Errors Olitactad. 

J=FSET CODE SIZ: DATA SIZ: ST~CK SIZE 
:;011 H OJ3F>i 143D 0006" 60 

0147'"4 327'J 0016H 221) 004Cf1 760 

33% Utiliz~tion of ,"lemory. 

SERIES-III Pascel-86, X031 

Source File: : F1 :OUMOAT. SRC 
Object File: :F1 :OUMOAT.OBJ 
Controls Specified: DESUG. 

STMT LINE NESTING 
1 1 0 0 

10 

=1 
=1 
=1 
=1 
=1 
=1 
=1 
=1 
=1 
=1 

11 =1 
12 =1 

=1 
=1 
=1 
=1 
=1 

18 =1 
=1 

20 =1 
21 =1 

=1 
10 23 =1 

=1 
=1 

11 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 

=1 
22 44 -1 
23 45 =1 
24 46 =1 

25 16 

SOURCE TExT: :c1 :DUMDAT.SRC 
(*This is a dummy GetData module, with dummy GetOata 
and StoreOata procedures, for use with MainControl 
module in testing phases. It only performs console 
input to get Celsius temperature!, the time of day, 
and the amount of sunlight (insolation) for the 
solar collector. Use PLM86$OATA module for real 
application.*) 

MODUL::: GetDatCli 

(* Int~rfe'\ce spGcific.:ltion common to all modules *) 

$INCloUDE(:F1 :INSPEC.SRC) 
::JU9l.IC MainControli (-section of interface specifiC2ltion*) 

CJNST (*declarations declared publicly in thi. module*) 

Mini mumF orE xc hange r 
Min im u m For!oje;:o t Pum p 

35; (*degrees Celsius*) 
1 J; 

TYPE (*definitions publicly defined in this module*) 

AirTamperature =-20 •• 120iC*degrees in Celsius.) 
W2ItC?rTemperature =0 •• 120; 
Heat ingMethods = (C 011 ec torT oE xc hanger, 

SystemJata 

CoIl eC torToHei! tPump, 
TClnkToExchl':'nge r , 
T2InkToHeatPu'1lp, 
Hea ted Tank T 0 H Qat I' ump, 
NoMethod) ; 

REC:lRD 
ChosenMethod 
InsideTemp, 
The rmo s tatS e t ting 
Co llec t orWaterT amp, 
TankWaterTemp, 
HeatedTankTemp 
A'I1ountOfSunlight 
Hour 
Minute 

END (*SystemData.); 

Heo!ltingMethodsi 

AirTemperature; 

W a tarT empe rEI tur II; 
Integer; 
00 •• 24; 
00 •• 59; 

VAR (*IJ2Iriables publicly defined in this module •• > 

Cu!"'rcntD2Ita 
Operating, PEinic 

: SystemOatEl; 
: BOOl.EAN; 

PUBLIC GetDClta; (*GetData Modul? containing GetData & StoreData*) 

PROCEDURE GetDI':'ta (VAq CurrentD¢'ota: SYstemData); 
PROCEOUR!: StoreOElta(VAR CurrentOata:SystemData); 

PUBl.IC Jper2ltion; (*Oper?tion Module containing OperaleSystern, 
St2lrtUpSystem C\nd ShutOownSystem*) 

PROCEDURE StartUpSystem; 
PROC EOUR E DperateS ys tern (vAR CurrentData: Sys temData); 
PROCEDURE ShutDownSystem(VAR CurrentDaht:SystemData); 

PRIVATE GetDlIta; 

(* end of interface speCification *) 

09/01/80 

Figure 7·1. Climate Control Program Listing and Sample Run (Cont'd.) 
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26 21 
26 22 
27 23 
28 24 
30 a5 
31 26 
33 Z7 
34 2e 
36 29 
37 30 
39 31 
40 32 
42 33 
43 34 
45 35 
46 36 
4e 37 
49 38 
51 39 
53 40 
54 41 

55 43 
55 44 

56 46 
57 47 
58 48 
59 49 
60 50 
61 51 
62 52 
63 53 
64 54 
65 55 
66 56 
67 57 
69 58 

ItiNO 

PRO~;DI,JRE Gl3t:la1:a(VAR Cyrl"'entData:SystemOata); 
BEGIN 

WITH C",,.,.antp_ta 00 BEGIN 
WRITe(~Ty~t the th'rlll0stat setting in degre.s Celsius:'); 
Ii: =AOLN (TtUr"mo stlltSet t1"9>; WR ITEl"N; 
WRITEC'Type tne inside temperature '-'elding in Celsius:'); 
REAOLNC-Insid'!Temt,l); WRITELN; 
WRITEC'Typ. the temperatul"'. of the collectOr" w~te,.. in Celsius:-); 
R E A:JLN (Co 1 hetorWat&I"'Temp); WRI T ELN; 
WR!TEC"TYPt the temperature of the tank wet.,. in Celsius:'); 
qUOLN (T a"kW alter-Temp); WR ITE LN; 
WRIT!:C"TYl)e the temperature of the heated tank water in Celsius: '); 
Re,AOLNCHe~t.dTilnkTemp); WRITELN; 
WRITEC"Type the hour of day, as in 04 0 ... 24:'); 
IiEAOLN(Hour}i WRITI::I.Ni 
WRITEC"Type the minute of the hour, as in 01 0" 59: "); 
REAOLN(Minut,p WRITELN; 
WRITEC"Typt the amount of sunlight, any integer will do fol"' now:'}; 
R:: 4:lL.N' Allloun t01 Sun 1 ight); W Rl TELN; 

END; C*~ith Curl"'entOlita*) 
eND; 

PIt~C E:lURE S'tol"~:la tll (VA R CUl"'l"entOata: S ys temO ata); 
OEGIN 
(*ilummy prqced\.lr., 'lventue-l.ly will $tOI"'~ CurrentOata in " fi1,,*) 

~ITJ1 Cl,lrrentOata OQ BEGIN WR I TEI,.N (1 ____ ...... _____ ... _ ....... _______ .. ___ "); 

wRITEI,.N("CURRENT DATA IS AS FOLLOWS:"); 
W R I TEL N ( ............ _- - .......... -- ... ---- ... - ...... - ... ---" ) ; 
WRITEI,.N( 'Thermostllt Setting is • ,The,.most~tSetting, 'C"); 
IO/:(;IT!LN("Insidt temp,r.!lture is ",InsideTemp,'C"); 
WRITELNC'T,mperatur, of collector lIIater is ·,CollectorWater"Temp,·C·); 
WRlTELNC'Tem~e ... ature of tiilnk lIIatflr is ·,T",nkWate ... Temp,'C"); 
WRITEI,.NC'Temperatyre of the heated tal'lk water ~s ',HeatedTankTemp,·C'); 
WR:::TELN('Timll of oay i? • ... IoIOU,.,';·,Min\olte); 
WRIT:LNC·Amount of sunli9ht is ',AmountOfSunlj,ght); 
WRITEUJ} C*a blC1nk 1ine*) 

END; C*\IIith CI./,.,.antOat:'l*> 
ENe 

".*WARNING, i""'I,.It: 
-.*WIS ,.epaj,red to 

7J !.II ~ 0 
"EN~ ; " 

SUIII"'~")1 InfOl"'lftBtioA: 

PRoceDURe 
STOREOAT" 
GeT DATA 

Total 

104 I.~"" hod. 
1 e,.ror pe1ltcttd. 

'JFFSET 
04~5H 

0294H 

CODE SIZE i)ATA SIZE STACK SIZE 
0222H 5460 0010H 160 
0241H 5770 0010H 160 

06F7H 17830 OOOOH 00 0020H 320 

33% U,\ilization of Memory. 

Source File: :F1 :OUMOP.$RC 
DbJ.~t PU., ,F1,OUMOP.OBJ 
Controls Specified; oeeUG. 

STHT 1.1~e NESTING 
1 1 a 0 

0 0 

=1 
=1 
=1 
=1 
=1 
.1 
=1 
=1 
=1 
=1 

11 .1 

SOURCE TEXT, ,Fl,OUMOP.SRC 
(*Th15 h: ill dummy Op .... ation module, with dummy StartUp System, 
Sh\.ltOownSyst.m, "I'Id Oper"'ataSyshm procedyres, . 
fQr use with MC'linControl modlJle in test~ng phases • . ) 
MOOULE Opert'l'tion; 

C* Interfillce specification common to all modules *) 

$INCLUDE (,'1 'I N SP,C. SRC) 
PU3LIC MilinCont,.oli (*section of interface specification*) 

CONST (*dsc12l ... ations declared publicly in this module.) 

Mi n:i, mumFor E)( c h Cln ger 
Mini mumFo ,.He a t Pu mr:;l 

35; C*deg ... ees Celsius*' 
13; 

TYPE (*definitions publicly def:i,ned in this module*) 

AirTe:"llper2lt\.lr"e ="'20~ .120; C*de~r"ees in Celsius*) 
WaterTemperature =0 •• 120; 

09/01/80 

Figure 7-1. Climate Control Program Listing and Sample Run (Cont'd.) 
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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 ~nkToHei!'ltPumru 
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~OCEDUR 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~ITeLN ('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'ITE~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 



DEBUGGING AND EXECUTING PROGRAMS 

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 

INDEX 

103 



INDEX 

104 

: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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