






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DIRECTORIES 

directories 
installation, 826-828 
reading, 361-365 

Disk Transfer Address (DTA), 365 
DiskErr program module, 344 
DISKERR.ASM program module (listing 

9.1), 342-344 
disks 

erasing, flushing type-ahead buffers, 
255-256 

formatting, flushing type-ahead buffers, 
255-256 

displacement restrictions (conditional 
jumps), 124-125 

DisplayError routine (listing 7.1), 264 
displaying 

arrays, 208 
BCD values, 437 
strings, 173-179 

div (Unsigned Divide) instruction, 389, 
726-727 

DIV286.ASM (listing 10.2), 391-393 
DIVFAULT .A (listing 10.3), 394 
divide-faults 

DIV286.ASM (listing 10.2), 391-393 
testing, 393-394 

DIVFAULT.A (listing 10.3), 394 
interrupts 

handling, 389-390 
installing handlers, 390-395 
trapping, 389 

division 
bits, shifting, 110-112 
signed values, 100 
unsigned values, 97-98 

DOS (Disk Operating System), 6 
assembly languages, reloading, 45 
asynchronous serial 1/0, 397-414 
command line, 346-354 
Exec functions 

0040h,359 
03Dh, 339 
03Eh, 341 
03Fh, 359 

042h, 360 
04Ch, 339 
059h, 342 
45h,34o· 

filters, 258-265 
functions 

break command, 248-249 
input, 248 
interrupts, 388 
key presses, 252-253 
unfiltered input, 249-250 
unfiltered output, 250 

handles, 256-257 
FILTER.ASM (listing 7.1), 262-264 

macro libraries, 324-333 
DOSMACS.ASM program (listing 8.1), 

324-333 
double jumps, 122 
double semicolons (;;), macro 

comments, 301 
doubleword (bytes), 55, 474 
DR.ASM program module (listing 9.5), 

362-364 
dt directive, 425 
DTA (Disk Transfer Address), 365 
dummy parameters, see formal parameters 
DUP operator, 153-155 
DW (define word) directive, 25 
dw directives, 152-155 
dynamic variables (procedures), 466 

E 

ECHOSTR.ASM (listing 5.3), 179-181 
encapsulation (OOP), 588-602 
End oflnterrupt (EOI), 384 
EndDialog function, 698 
ENDIF conditional compilation directive, 

318 
ENDM directive (macros), 309, 320, 450 
enter instruction, 466-467, 482, 727 
entering program listings, 15-16 
enumerated data types, 475-478 
EOI (End of Interrupt), 384 



EQU directive, 23-24 
equal sign(=), 24, 316 
equates 

asterisk (*), 24 
ASYNCH.ASM {listing 10.4), 410 
equal sign ( =\ 24 
predefined, 223-224 
rules, 23-24 
VERSION.ASM {listing 6.2), 224-225 

equates {constant values), 23-24 
EQUIP.ASM {listing 6.4), 237-239 
erasing disks, flushing type-ahead 

buffers, 255-256 
errors 

arrays, 344 
handling 

conditional compilation directives, 319 
hard disks, 341-344 

open-file codes, 340 
programs, 34-37 
Undefined symbol, 333 

esc instruction, 727 -728 
exclamation point {!), macro string 

characters, 307 
Exclusive OR operator {XOR), 67-69 
exCode variable, 27 
.EXE programs, 42, 46 
executing macro instructions, 302 
EXESHELL.ASM program {listing 2.3), 

43-44 
EXETYPE directive (linker definition 

files), 677 
Exit command {File menu), 695 
expanding macros, 302-307 
exponents, 58 
exporting 

modules, 181-182 
procedures to Pascal, 502 

EXPORTS directive {linker definition 
files), 678 

expressions, 152 
macros, 306 
operators, 153 
passing to macros, 306 

FIELDS 

external assemblies 
CSHELL.ASM {listing 13.3), 546-548 
simplified memory models, 545-547 
Turbo Linker, 544-550 

external functions, 563-564 
r bno-11~'"" S~? - ·· o----o·, - - ·-

calling, 511-512 
Pascal conversion, 498-499 

external interrupts, 370 
external modules 

assembling, 551-553 
linking, 551-553 

external string functions, 517-520 
extracting 

command line parameters, 346, 351-352 
MTA.LIB library file modules, 441 

EXTRN directive, 353, 502-503, 564-567 
EXTRN DiskErr:Proc command, 344 

F 

Fl function key {help), 39 
F5 function key, 443 
F7 function key, 302, 443, 522 
F8 function key, 302 
FIO function key, 443 
far data segments 

creating, 458-461 
optimizing, 479 

FARDATA directive, 458-461 
farword (bytes), 55 
FASTIMUL instruction, 484-489 
FCBs {file-control blocks), 338 
FF.ASM program (listing 2.1), 31 
FF.EXE program, 31 
fields 

C structures, 540-541 
structured variables, 202-203 
structures, 198 
unions, 213-220 

bit, 214 
inserting into records, 218-220 
isolating values, 217-218 
MASK operator, 217 



FIELDS 

names, 216-217 
RECORD directive, 214-216 
setting defaults, 215-216 

File menu commands (Exit), 695 
file pointers (positioning), 361 
file-control blocks (FCB), 338 
files 

attributes, 345 
availability, 339 
buffers, flushing, 340-341 
closing, 339-341 
creating, 345 
data (reading/writing), 359-361 
handles, 256-257, 338 
1/0, 338, 360 
inventory, 826-828 
opening, 339-340 
processing 

by character, 358-359 
by records, 360-361 

text, 354-359 
filling memory (string instructions), 

136-137 
FILLSTR.ASM program module (listing 

12.4), 518 
FILLSTR.PAS program (listing 12.5), 518 
FILTER.ASM. (listing 7.1), 258-262 

customizing, 264-265 
DOS handles, 262-264 
routines 

filters 

DisplayError, 264 
ReadChar, 263 
WriteChar, 264 

DOS, 258-265 
FILTER.ASM. (listing 7.1), 258-262 
unfiltered input, 249-250 
unfiltered output, 250 

finding 
index values, 442 
values, 442 

flags, 7 
8086 processor instructions, 127 
ISR (Interrupt Subroutines), 376 

registers (8086), 79 
trap flag (tf), 414-421 

clearing, 415-419 
setting, 415-419 

flat memory models, 22 
FLIPFLAG (logical operations), 220 
floating-point numbers, 205-206 
floppy disk drives, 14-15 
flow-control, 110-126 

jumps 
conditional 120-124 
displacement restriction, 124-125 
double, 122 
Turbo Debugger, 125-126 
unconditional 119-120 

return instructions, 116 
subroutines, 112-113 

intersegment, 116 
intrasegment, 116 
passing values, 117-118 
pushes, 118-119 

unconditional transfers, 112 
flushing 

file buffers, 340-341 
type-ahead buffers, 255-256 

formal parameters (macros), 302 
formatting disks, flushing type-ahead 

buffers, 255-256 
FORTH language, 5 
function keys 

F5,443 
F7,302,443,522 
F8,302 
FlO, 443 
reading, 254-255 

functions 
0040h,359 
03Dh, 339 
03Eh,341 
03Fh,359 
042h,360 
04Ch, 339 
059h,342 
45h,340 



arguments 
declaring automatically, 5 69-510 
passing, 565-570 

assembly language 
_ASMFillBuffer, 576 
callinz 549 
calling Cfanctiom, 555-557 
calling C++ fanctiom, 560-565 
calling.from C, 550-551 
calling.from C++, 562-563 

C language results, 557-558 
C++ language, name-overloading, 

560-562 
CreateWindow, 672 
DialogBox, 698 
DOS 

break command, 248-249 
input, 248 
interrupts, 388 
key presses, 252-253 
unfiltered input, 249-250 
unfiltered output, 250 

EndDialog, 698 
external, 563-564 

calling, 511-512 
external (Pascal conversion), 498-499 
external string, 517-520 
GDI, 694 
InLine (Pascal conversion), 497 
Pascal, 509-510 
pointers (passing), 512 
Print Screen, 383 
procedures, 503 
variables, 558-559 
Windows 

calling, 673 
declaring external, 664 

WinMain, 666, 669 

HDC (DEVICE CONTEXT HANDLE) 

G 

GDI (Graphics Device Interface), 694 
general-purpose registers (8086), 77 

removing from stacks, 467 
GetCh procedure (listing 7.4), 293-295 
GETFIELD (logical operations), 221-231 
GetOneParam procedure, 351-353 
GetParams procedure, 351-352 
gigabytes, 59 
global data (C/assembly language), 

564-565 
GLOBAL directive, 440 
global labels, 304 
global variables, 440-441 

returning values, 353 
GOTO directive (macros), 321 
GPFs (general protection faults), 668 
GROUP directive, 452-453 
grouping segments (programs), 453 

H 

handlers, interrupt divide-faults, 389-395 
handles 

DOS, FILTER.ASM. (listing 7.1), 
262-264 

files, 256-257, 338 
closing, 341 

hard drives 
debugging, 341-344 
directories, 361-365 
files, 338 
organizing, 13-14 . 

HARDSHEL.ASM program module 
(listing 11.4), 455-456 

hardware 
assembly language requirements, 9-10 
floppy disk drives, 14-15 
hard drives, 13-14 
macros as device drivers, 300 

HDC (device context handle), 694 



HEADERS 

headers, 20-22 
ID EAL directive, 20 
M 0 DEL directive, 21 
ST ACK directive, 21 

HEAPSIZE directive (linker definition 
files), 678 

help, 16, 39 
Help menu commands, 695 
hexadecimal values, 56-59 

CONVERT.ASM (listing 6.5), 241-243 
converting, 240-243 

to decimal values, 60-61 
defaults, 204-206 
RADIX directive, 204-205 

HexDigit subroutine (listing 6.3), 232 
hit (Halt) instruction, 728 

interrupts, 376-377 
huge memory models, 22 

1/0 (Input/Output) 
asynchronous serial, 397-414 
control codes, 250 
DOS functions, 248 
files, 338, 360 
function keys, 254-255 
redirection characters 

<, 264-298 
>, 264-298 
I, 264-298 

ROM BIOS I/O routines, 253 
IDEAL directive, 20, 30 
Ideal mode (TASM), 654 

attributes, 7 
fields (structured variables), 203 
MASM mode equivalents, 795-797 

idiv (Signed Integer Divide) instruction, 
100, 728 

IF conditional compilation directive, 318 
IFDEF conditional compilation 

directive, 319 
IFNDEF conditional compilation 

directive, 319 

importing modules, 181-182 
imul (Signed Integer Multiply) 

instruction, 100, 729-730 
in (Input From Port) instruction, 730-731 
inc (Increment) instruction, 731 
INCLUDE directive, 312, 441 
INCLUDELIB directive, 441-442 
increasing file availability, 339 
index registers 

8086, 77-78 
string instructions, 132-133 

index values 
finding, 442 
translating to table bytes, 443 

indexed memory-addressing, 149 
indexing 

arrays, 209-211 
bound instruction, 462-465 
range-checking errors, 463 

inheritance 
OOP, 588-652 

multiple, 588-652 
objects, 602-626 
single, 589-652 

oop\inherit\TBASE.INC (listing 14.3), 
603-604 

oop\inherit\TDERIVED.INC 
(listing 14.4), 604-605 

oop \inhert\INHERIT.ASM 
(listing 14. 5), 607-608 

INIT.ASM program module, 441 
initialized variables, 25, 155-157 
initializing 

data segment registers, 668-669 
segments (programs), 450 

InLine functions/procedures (Pascal 
conversion), 497 

inline statements (C), 532, 533-538 
asm statements (access to C variables), 

537-544 
assembly language, sharing code, 541-542 
compiling, 535 
microprocessors, 538 



Pascal conversion, 496 
TALLY.C (listing 13.1), 535-542 

input, 248-257 
break command, 248-249 
DOS functions, 248 
filters (DOS), 258-265 
function keys, 254-255 
interrupts, 248-249 
key presses, 252-253 
memory buffers, 251 
polling, 251 
ROM BIOS 1/0 routines, 253 
type-ahead buffers, flushing, 255-256 
unfiltered, 249-250 

ins (Input From Port To String) 
instruction, 467, 732 

inserting 
constant values into stacks, 480-481 
directives in macros, 323 
macros in programs, 301 
subroutines with macros, 310 

installation directory, 826-828 
installing 

bound instruction (interrupt handlers), 
463 

interrupt divide-fault handlers, 390-395 
TSRs (Terminate and Stay Resident), 

395-397 
instances (OOP objects}, 588 
instruction pointer registers (8086), 79 
instructions, 706-786 

16-bit code segments, 483 
286 microprocessors, 463 
32-bit code segments, 483 
386 microprocessors, 470-474 
8086 microprocessor, 126-131 

flag.s, 127 
JUMPS directive, 130-131 
nop, 128-130 
string, 131-139 
synchronization, 128 

8086 processor (string), 131-139 
aaa, 426 
aad, 427 

aam, 427 
aas, 426 
addition, 92-93 
bound, 462-465 
daa, 428 
das, 428 
doubleword shift, 474 
enter, 466-467, 482 
FASTIMUL, 484-489 
hlt (interrupts), 376-377 
ins, 467 
lea, 445, 478 
leave, 466-467, 482 
logic, 101-110 
loop, 481 
mul, 360 

INTERRUPTS 

optimizing with SMART directive, 
478-481 

outs, 467 
packed BCD numbers, 428-429 
popa,467 
protected-mode, 705 
pusha, 467 
rotate (386 microprocessors), 483 
scasb, 353 
shift (386 microprocessors), 483 
subtraction, 93-94 
timing values, 705-706 
unpacked BCD numbers, 426-427 
xlat, 443-446 

int (Call Interrupt Service Routine} 
instruction, 388, 732-733 

integers 
absolute values, 61 
signed, 61-64, 205 
two's complement, 61-64 
unsigned, 205 

internal interrupts, 370 
interrupts, 370 

32-bit code segments, 483 
8259 processor, 372-376 
asynchronous serial 1/0, 397-414 
bound instruction (handlers), 463 
break command, 248-249 



INTERRUPTS 

debugging, 414 
div instruction, 389 
divide-faults 

handling, 389-390 
installing handlers, 390-395 
trapping, 389 

DOS functions, 388 
EOI (End oflnterrupt), 384 
external, 370 
hit instruction, 376-377 
int instruction, 388 
internal, 370 
into instruction, 388 
ISRs (Interrupt Subroutines), 370-371 
keyboard, 256 
maskable (INTR), 371-372 
nonmaskable (NMI), 371-372 
numbers, 373 
PC timer, 380-383 

interrupting ISRs, 382-383 
variables, 381-382 

PICS (Programmable Interrupt Chips), 
372-376 

polling, 370 
SLOWMO.AS (listing 10.1), 378-380 
stacks, 385-388 
variables, 381-382 
vectors, 375-376 

restoring, 381-411 
intersegment subroutines, 116 
into (Interrupt On Overflow) instruction, 

388,733 
INTR (maskable interrupts), 371-372 
intrasegment subroutines, 116 
invd (Invalidate Cache) instruction, 734 
invlpg (Invalidate TLB Entry) instruction, 

734 
iret (Interrupt Return) instruction, 

734-735 
IRP directive (macros), 308 
IRPC directive (macros), 308 
ISRs (Interrupt Subroutines), 370 

flags, 376 
interrupting, 382-383 

reentrant, 382-383 
STACK directive, 385 
variables, 381-382 
writing, 370-371 

j-condition Qump Conditionally) 
instruction, 735-736 

jmp Oump Unconditionally) instruction, 
737 

jumps 
conditional, 120-124 

displacement restrictions, 124-125 
Turbo Debugger, 125-126 

double, 122 
nop instruction, reserving space, 129-130 
unconditional, 119-120 
see also flow-control 

JUMPS directive, 598 
8086 processor instructions, 130-131 

K 

key commands 
Alt+ V +C, 443 
Ctrl+I, 643 
Ctrl+W,643 
Ctrl+M,302 

key presses, 252-253 
keyboard 

interrupts, 256 
KEYBOARD.ASM (listing 7.4), 289-290 
KEYS.ASM (listing 7.5), 291-292 
module, 289-295 

KEYBOARD.ASM (listing 7.4), 289-290 
procedures 

GetCh, 293-295 
Key Waiting, 292 

KEYS.ASM (listing 7.5), 291-292 
KeyWaiting procedure (listing 7.4), 292 



keywords 
macros, 301 
PURGE, 301 

kilobytes (k), 59 
KOPY.ASM program module 

(listing 9.4), 354-358 

L 

label column (text lines), 27 
LABEL directive (macros), 309 

arrays, 208-209 
labeling 

macros, 313-314 
variables with macros, 304 

labels 
local, 159-160 
string instructions, 135 
variables, 26 

lahf (Load Flags Into ah Register), 
737-738 

languages, 4-5 
assembly language 

advantages, 7-8 
attributes, 4-7 
code segments, 27-29 
components, 20-30 
data segments, 24-25 
disadvantages, 8-9 
essentials to understanding, 5-6 
hardware requirements, 9-10 
headers, 20-22 
software requirements, 10 

C language 
assembly language, 550-551, 554-555, 

564-565 
converting to assembly, 533 
external fonctions, 532 
fonction results, 557-558 
inline statements, 532-538 
listings, 820 
registers, 533 
structures (fields), 540-541 

LISTINGS 

Gt--t language 
arguments, passing to assembly language, 

568-570 
assembly language, 560-565, 570-578 
CPPFUNC.CPP (listing 13.6), 561 
CPPLOOPASM (listing 137), 562 
fonctions, 557-558, 562-563 
listings, 820-821 

FORTH language, 5 
machine code, 4-5 

large memory models, 22 
Ids (Load Pointer and ds) instruction, 738 
lea (Load Effective Address) instruction, 

445, 478, 738-739 
leave instruction, 466-467, 482, 739 
les (Load Pointer and es) instruction, 740 
Ifs lgs (Load Pointer and fs, gs) 

instruction, 740-741 
library strings, 160-170 
library routines, 9 
LIFO stacks, 85 
linkers 

definition files (Windows), 677-678 
Turbo Linker, 32 

external assemblies, 544-550 
stacks, 84 

linking 
external modules, 551-553 
modules (programming), 172-173 
modules into programs, 179-182 
object codes, 32 
program modules to library files, 441-442 

list objects (OOP), 627, 633 
listings 

2.1 FF.ASM program, 31 
2.2 COMSHELL.ASM, 42-43 
2.3 EXESHELL.ASM program, 43-44 
2.4 PR132.ASM program, 47 
4.1 MOV.ASM, 82-83 
4.2 PUSHPOP.ASM, 87 
4.3 ADDSUB.ASM, 94-95 
4.4 MULDIV. ASM, 98 
4.5 ANDORXOR.ASM, 102-103 
4.6 SHIFT.ASM, 105-106 



LISTINGS 

4.7 SUBDEMO.ASM, 113 
5.1STRINGS.ASM,161-170 
5.2 STRIO.ASM, 174-176 
5.3 ECHOSTR.ASM, 179-180 
6.1 STRUC.ASM, 199-200 
6.2 VERSION.ASM, 224 
6.3 BINASC.ASM, 225-231 
6.4 EQUIP.ASM, 237-239 
6.5 CONVERT.ASM, 241-243 
7.1FILTER.ASM.,258-262 
7.2 SCREEN.ASM, 273-279 
7.3 CHARS.ASM, 279-282 
7.4 KEYBOARD.ASM, 289-290 
7.5 KEYS.ASM, 291-292 
8.1 DOSMACS.ASM program, 324-333 
9.1 DISKERR.ASM program module, 

342-344 
9.2 PARAMS.ASM program module, 

346-349 
9.3 SHOWPARM.ASM program 

module, 350-351 
9.4 KOPY.ASM program module, 

354-358 
9.5 DR.ASM program module, 362-364 
10.1 SLOWMO.AS, 378-380 
10.2 DIV286.ASM, 391-393 
10.3 DIVFAULT.ASM, 394 
10.4 ASYNCH.ASM, 398-404 
10.5 TRM.ASM, 405-409 
10.6 SINGLE.ASM, 416-419 
11.1 BCD.ASM program module, 

430-434 
11.2 TABLE.ASM program module, 

442-443 
11.3 BOXCHAR.ASM program 

module, 444 
11.4 HARDSHEL.ASM program 

module, 455-456 
11.5 COLDBOOT.ASM program 

module, 457-458 
11.6 BOUND286.ASM program 

module, 464-465 
12.1 PASSHELL.ASM program 

module, 500 

12.2 PASDEMO.ASM program module, 
505-506 

12.3 PASDEMO.PAS program module, 
506-507 

12.4 FILLSTR.ASM program 
module, 518 

12.5 FILLSTR.PAS program, 518 
12.6 STR.PAS program, 520-521 
12.7 STR.ASM program module, 

524-525 
13.1 TALLY.C, 535 
13.2 UPDOWN.C, 541-544 
13.3 CSHELL.ASM, 546-548 
13.4 CFILLSTR.C, 549 
13.5 CFILL.ASM, 550-551 
13.6 CPPFUNC.CPP, 561 
13.7 CPPLOOP.ASM, 562 
13.8 CPPARG.CPP., 566-569 
13.9 ASMARG.AS, 566 
13.10ASMARG2.ASM, 569-570 
13.11 CPPOOP.CPP, 572-574 
13.12 ASMFILL.ASM, 576-577 
14.1 oop\encaps\TPOINT.INC, 592-594 
14.2 oop\encaps\ENCAPSUL.ASM, 

596-597 
14.3 oop\inherit\TBASE.INC., 603-604 
14.4 oop\inherit\TDERIVED.INC, 

604-605 
14.5 oop\inhert\INHERIT.ASM, 

607-608 
14.6 oop\OOMACROS.INC, 613-614 
14.7 oop\virtual\TBASE.INC program, 

616-617 
14.8 oop\virtual\TDERIVED.INC 

program, 619-620 
14.9 oop\virtual\VIRTUAL.ASM, 

622-623 
14.10 oop\list\TITEM.INC, 627-628 
14.11 oop\list\TLIST.INC, 629-631 
14.12 oop\list\TINTOBJ.INC, 633-634 
14.13 oop\list\TSTROBJ.INC, 636-637 
14.14 oop\list\LIST.ASM, 638-642 
15.1 WHELLO.ASM program module, 

655-661 



15.2 WHELLO.DEF program, 661 
15.3 WHELLO.RC program, 662 
15.4 WINAPP.ASM program module, 

680-690 
15.5 WINAPP.DEF program, 690 
15.6 WINAPP.RC program, 700 
15.7 WINAPP.RHprogram, 691 
15.8 WINAPP.RI program, 691-692 
assembly language, 818-819 
C language, 820 
C++ language, 820-821 
compiling, 823 
object-oriented programming, 821-822 
Pascal, 819 
printing, 46-48 
Windows, 822-823 

loading string instructions, 133-134 
LOCAL directive (macros), 313-314, 559 
local labels, 159-160 
local variables (functions), 558-559 
LOCALS directive, 598 
lock (Lock the Bus) instruction, 741 
lods (Load String) instruction, 133-134, 

742 
lodsb (string mnemonics), 134 
lodsw (string mnemonics), 134 
logic instructions, 101-110 

AND operator (bits), 103-104 
ANDORXOR.ASM (listing 4.5), 

102-103 
combinations, 102-103 
shifting bits, 104-106 

logical operations 
bit fields 

GETFIELD, 221-223 
SETFIELD, 221-223 

efficiency, 220-223 
logical operators, 65-69 

AND (masking), 65-66 
OR, 66-67 
XOR, 67-69 

loop (Loop on ex) instruction, 7 43 
loop instruction, 481 

MACROS 

loope loopz (Loop on ex While Equal) 
instruction, 7 43-7 44 

loopne loopnz (Loop on ex While Not 
Equal), 744 

loops, STRINGS.ASM (listing 5.1), 187 
LSD {least significant digit), 55 
lss (Load Poi~ter and ss)instruction, 745 

M 

machine code, 4-5 
registers, 7 

macros, 300 
characters, keyboard availability, 333 
conditional assembly directives, 300 
creating arrays, 307 
debugging, 320-321 
defining, 301 
directives, 323 
DOS libraries, 324-333 
DOSMACS.ASM file, 332 
ENDM directive, 309, 320 
expanding, 302-307 
expans10ns 

specifying, 321 
transferring, 321 

expressions 
evaluating, 306 
passing, 306 

GOTO directive, 321 
INCLUDE directive, 312 
inserting 

in programs, 301 
subroutines, 310 

instructions 
executing, 302 
global labels, 304 

IRP directive, 308 
IRPC directive, 308 
keywords, 301 
LABEL directive, 309 
LOCAL directive, 313-314 
local labels, 313-314 
naming, 300 



MACROS 

nesting, 311 
numeric parameters, 305-306 
parameters, 302-307 
POPSTATE directive, 322 
preserving registers, 311 
pros/cons, 300 
purging, 301-302 
PUSH ST ATE directive, 322 
repeating, 308 
replacing, 301 
source code, 310-314 
storage, 300 
storing in text files, 312 
string characters, 307 
string parameters, 306-307 
symbolic parameters, 304-305 
terminating, 320-321 
variables, 307 
VMTSeg, 614 
writing procedures, 310 

MASK operator (union fields), 217 
maskable interrupts (INTR), 371-372 
MASKFLAG (logical operations), 220 
masking (AND operator), 65-66 
MASMmode,7 

Ideal mode equivalents, 795-797 
memory addressing, 150 
text lines (comments columns), 29 

math operators, 90-101 
addition, 92-93 
ADDSUB.ASM (listing 4.3), 94-95 
division, unsigned values, 97-98, 100 
MULDIV. ASM (listing 4.4), 98-99 
multiplication 

signed values, 100 
unsigned values, 97-98 

subtraction, 93-94 
cmp,97 
neg, 97 

Turbo Debugger (watch window), 96-97 
mathematical operations 

BCDs, 429-438 
multiplication, 484-489 

maximum values of bits, 58-59 
medium memory models, 21 
megabytes, 59 
members (OOP objects), 588 
memory 

addressing, 144-145 
ASSUME directive,.150-151 
base, 148-149 ' 
base-indexed, 149-150 
direct, 146 
indexed, 149 
MASM mode, 150 
modes, 145-151 
overrides, 146-147 
register-indirect, 147-148 

BCD variables, 425 
buffers (input), 251 
directives, 154 
OTA, 365 
optimizing flushing file buffers, 340 
Pascal model, 499-502 
registers, 7 
segmentation (8086 processor), 74 

offiets, 76 
optimizing, 454 
paragraphs, 75-76 

simplified models (external assemblies), 
545-547 

stacks, 85-86 
balancing, 88-89 
exchanging data, 89-90 
pops, 85 
pushes, 85 

string instructions, 136-13 7 
TPASCAL model, 515 
TSRs (Terminate and Stay Resident), 

395-397 
memory models, 21-22 
memory-mapped video, 267-272 

buffers, 267 
cursor coordinates, 269-271 
modules, 272-289 
snow, 270-271 



message loops (Windows), 669, 673-674 
messages (windows), 693 

passing, 675 
methods 

ARG directive, 601 
OOP, 588-652 

optimizing, 652 
static methods, 589 
virtual 589, 609-626 

microprocessors 
286, 461-468 
8086 processor 

instructions, 126-131 
memory segmentation, 74-76 
registers, 76-79 
string instructions, 131-13 9 

8259 processor interrupts, 372-376 
debugging, 37-38 
inline statements (C), 538 
instructions, 706-786 
programming, 461 
protected-mode instructions, 705 

Microsoft Windows, 11 
see also Windows 

mnemonics 
instructions, 706-786 
string instructions, 134 
text lines, 27-29 

MODEL directive, 21, 598 
modes {memory-addressing), 145-151 

ASSUME directive, 150-151 
base, 148-149 
base-indexed, 149-150 
direct, 146 
indexed, 149 
overrides, 146-147 
register-indirect, 147-148 

modules, 13 
assembling, 172-173 
DiskErr, 344 
ECHOSTR.ASM (listing 5.3), 179-181 
exporting, 181-182 

MULTIPLICATION 

external 
assembling, 551-553 
linking, 551-553 

importing, 181-182 
keyboard, 289-295 
linking. 172-1 TJ 

memory-mapped video, 272-289 
programmmg 

linking, 179-182 
sharing code, 170-173 

see also program modules 
mov (data transfer), 80-90, 745-746 

MOV.ASM (listing 4.1), 82-83 
stacks, 89-90 
string instructions, 136 
Turbo Debugger, 83-84 

MOY .ASM {listing 4.1), 82-83 
MoveLeft procedure, 183-185 
MoveRight procedure, 183-185 
moving 

bits (shifting), 110-112 
string instructions, 136 

movs (Move String) instruction, 746-747 
movsx {Move and Extend Sign) instruc­

tion, 747-748 
movzx (Move and Extend Zero Sign) 

instruction, 7 48 
MSD {most significant digit), 55 
MTA.LIB library files, extracting 

modules, 441 
mul (Unsigned Multiplication) 

instruction, 360, 749 
MULDIV. ASM {listing 4.4), 98-99 
multibyte arrays, addressing, 211-213 
multiple characters strings, 27 
multiple inheritance (OOP), 588 
multiplication 

bits (shifting), 110-112 
operators 

signed values, 100 
unsigned values, 97-98 



NAME DIRECTIVE (LINKER DEFINITION FILES) 

N 

NAME directive (linker definition 
files), 677 

name operand, 447 
name-overloading, C++ functions, 

560-562 
naming 

fields (union), 216-217 
macros, 300-302 
conventions (Windows applications), 665 

navigating records, 361 
neg (Two's Complement Negation) 

instruction, 97, 750 
two's complement, 64 

negative binary values, 63 
nesting macros, 311 
NewLine procedure, 179 
NMI (nonmaskable interrupts), 371-372 
nonmaskable interrupts (NMI), 371-372 
nop (No Operation) instruction, 128-130, 

750-751 
NOSMART directive, 478 
not (One's Complement Negation) 

instruction, 751 
two's complement, 64 

numbers (BCD storage), 424 
numeric parameters (macros), 302, 

305-306 
numeric values 

binary (RADIX directive), 204-206 
Binary-Coded Decimals (BCD), 206 
BINASC.ASM (listing 6.3), 225-231, 

236-239 
CONVERT.ASM (listing 6.5), 241-243 
converting, 225-243 
decimal (RADIX directive), 204-206 
floating-point numbers, 205-206 
hexadecimal (RADIX directive), 204-206 
integers 

signed, 205 
unsigned, 205 

NumToASCII subroutine (listing 6.3), 
233-234 

0 

object codes, 32-33 
object-oriented programming, see OP 
objects 

class (accessing), 576-578 
debugging, 585 
OOP, 584, 588-589 

16-bit integers, 633 
base, 587-652 
derived, 587-652, 618 
inheritance, 602-626 
instances, 588-652 
list, 627, 633 
members, 588-652 
polymorphism, 627-645 
static methods, 589 
string, 636 
virtual methods, 589, 609-626, 

650-652 
VMT pointers, 649-652 

oop\encaps\ENCAPSUL.ASM 
(listing 14.2), 596-597 

oop\encaps\TPOINT.INC (listing 14.1), 
592-594 

structures, 590-602 
Turbo Assembler, 589-626 

encapsulation, 590-602 
offsets (memory segmentation), 76 
one's complement, 62 

neg instruction, 64 
not instruction, 64 

OOP (Object-Oriented Programming), 
584-589 

classes, 587-652 
constructors, 587-652 
debugging, 585, 645-646 
destructors, 588-652 
directives, 597 

ARG, 601 
CALL.METHOD, 599 
]UMPS,598 
LOCALS, 598 
MODEL,598 



encapsulation, 588-652 
inheritance 

multiple, 588-652 
single, 589-652 

methods, 588-652 
optimizing, 652 
virtual 609-626, 650-652 

listings, 821-822 
objects, 584, 588-626 

16-bit integers, 633 
base, 587-652 
derived, 587-652 
encapsulation, 590-602 
inheritance, 602-626 
instances, 588-652 
list, 627, 633 
members, 588-652 
polymorphism, 627-645 
static methods, 589 
string, 636 
virtual methods, 589 
VMT pointers, 649, 650-652 

polymorphism, 588 
Turbo Assembler, 586-587 

oop\encaps\ENCAPSUL.ASM 
(listing 14.2), 596-597 

oop\encaps\TPOINT.INC (listing 14.1), 
592-594 

oop\inherit\TBASE.INC (listing 14.3), 
603-604 

oop\inherit\TDERIVED.INC 
(listing 14.4), 604-605 

oop\inhert\INHERIT.ASM (listing 14.5), 
607-608 

oop\list\LIST.ASM (listing 14.14), 
638-642 

oop\list\TINTOBJ.INC (listing 14.12), 
633-634 

oop\list\TITEM.INC (listing 14.10), 
627-628 

oop\list\TLIST.INC (listing 14.11), 
629-631 

oop\list\TSTROBJ.INC (listing 14.13), 
636-637 

OUT (OUTPUT TO PORT) INSTRUCTION 

oop\OOMCROS.INC (listing 14.6), 
613-614 

oop\virtual\TBASE.INC program (listing 
14.7), 616-617 

oop\virtual\TDERIVED.INC program 
(listing 14.8), 619-620 

oop\virtual\VIRTUAL.ASM (listing 14.9), 
622-623 

open-file error codes, 340 
opening files, 339-340 
operand columns (text lines), 27 
operands 

bound instruction, 462 
columns (text lines), 28-29 

operations (logical instructions), 220-223 
operators, 152, 792-794 

constant expressions, 318 
DUP, 153-155 
expressions, 153 
logical, 65-69 

AND, 65-66 
OR, 66-67 
XOR, 67-69 

MASK (union fields), 217 
math, 90-101 

addition, 92-93 
division, 97-98 
multiplication, 97-98 
subtraction, 93-94 

SYMTYPE values, 795 
TYPE values, 795 

optimizing 
addresses, 478 
far data segments, 479 
instructions with SMART directive, 

478-481 
memory, flushing file buffers, 340 
methods (OOP), 652 
procedures (stacks), 466 

or (Logical OR) instruction, 752 
OR operator (bits), 66-67 
ORG (origin) directive, 44 
out (Output to Port) instruction, 753 



OUTPUT 

output, 248-257 
printers, 265-267 

control sequences, 267-298 
selectingfeatures, 266-267 

unfiltered, 250 
outs (Output From String to Port) 

instruction, 753-754 
outs instruction, 467 
overlaying variables, 456 
overloading functions (C++), 560-562 
overrides (memory-addressing), 146-147 

p 

P286 directive, 462 
P286N directive, 462 
packed BCD numbers, 425 

converting 
to ASCIIZ strings, 437 
to/from ASCII digits, 437-438 
to/from binary values, 428-429 
to/from unpacked BCD numbers, 437 

instructions, 428-429 
variable lengths, 434 
variables, 438 

PackedToUnpacked routine 
(listing 11.1), 437 

paragraphs (memory segmentation), 75-76 
ParamCount procedure, 351 
parameters 

addresses, 516-517 
bytes, removing from stacks, 514 
declaring, 519 
macros, 302-307 
stacks 

deallocating, 516-517 
fixed, 517 

values (passing), 512-513 
variables (passing), 514-515 

PARAMS.ASM program module, 352-354 
PARAMS.ASM program module 

(listing 9.2), 346-349 

Pascal 
code shells, 499-502 
converting to assembly language, 

496-497, 520-526 
external routines, 498-499 
external string functions, 517-520 
functions, 509-510 
listings, 819 
memory model, 499-502 
procedures, 502-504 
sharing with assembly language, 504-508 
static variables, 501-502 
variables, 511 

PASDEMO.ASM program module 
(listing 12.2), 505-506 

PASDEMO.PAS program module 
(listing 12.3), 506-507 

PASSHELL.ASM program module 
(listing 12.1), 500 

passing 
arguments to functions, 480 
function arguments, 565-570 
function pointers, 512 
value parameters, 512-513 
variable parameters, 514-515 
window messages, 675 

passing values (subroutines), 117-118 
PC timer (interrupts), 380-383, 381 

interrupting ISRs, 382-383 
variables, 381-382 

Pentium microprocessors 
(Turbo Debuggers), 37-38 

percent sign (%), expression evaluate 
operator, 306 

phantom segments, 456 
PICS (Programmable Interrupt Chips), 

372-376 
pointer registers {8086), 77-78 
pointers 

functions (passing), 512 
interrupt vectors, 375-376 

polling 
input, 251 
interrupts, 370 



polymorphism 
OOP, 588, 627-645 
virtual methods, 610 

pop (Pop from Stack} instruction, 
754-755 

pop-up menus (Windows applications}, 
693,695 

popa (Pop All General-Purpose Registers}, 
467, 755 

popad (Pop All General-Purpose 
Doubleword Register} instruction, 756 

popf (Pop Flags) instruction, 756 
popfd (Pop Extended Flags} 

instruction, 757 
pops (stacks}, 85 

balancing, 88-89 
. POPSTATE directive, 322 
portability (assembly language}, 8-9 
ports {strings}, 467 
powers (exponents), 58 
PR132.ASM program (listing 2.4), 47-49 
predefined equates, 223-224 
Print Screen function, 383 
printers, 265-267 

control sequences, 267-298 
selecting features, 266-267 

printing 
listings, 46-48 
PR132.ASM program, 49 

procedures 
ASCIIZtoStr, 520 
dynamic variables, 466 
exporting to Pascal, 502 
external (Pascal conversion}, 498-499 
GetOneParam, 351-353 
GetParams, 351, 352 
lnLine (Pascal conversion), 497 
KEYBOARD.ASM (listing 7.4) 

GetCh, 293-295 
KeyWaiting, 292 

NewLine, 179 
ParamCount, 351 
Pascal, 502-504 

SCREEN.ASM (listing 7.2) 
ScBlink, 287-288 
ScBright, 287-288 
ScClrRect, 286 
ScDim, 287-288 
ScGetAttribute, 288 
ScGotoXY, 283-284 
Scinit, 289 
ScNoBlink, 287-288 
ScPokeChar, 284-285 
ScPokeStr, 284-285 
ScReadXY, 283-284 
ScSetAttribute, 288 
ScSetBack, 286-287 
ScSetFore, 286-287 
SetVidAddr, 282-283 

PROCESSING 

stacks, optimizing, 466 
STRINGS.ASM (listing 5.1), 182-193 

Moveleft, 183-185 
MoveRight, 183-185 
StrCompare, 188-189 
StrConcat, 191 
StrCopy, 191 
StrDelete, 189-190 
Strlnsert, 190-191 
Strlength, 186 
StrNull, 185 
StrPos, 192 
StrRemove, 192-193 
StrUpper, 187-188 

StrRead, 177 
StrToASCIIZ, 520 
StrWrite, 177-178 
vs. functions, 503 
windows, 675-677 
WinProc, 693 
writing with macros, 310 

processing 
files 

by character, 358-359 
by records, 360-361 

object codes (linkers), 32 
tables, 442-446 



PROCESSOR INSTRUCTIONS (8086) 

processor instructions (8086), 126-131 
processors 

286, 461-468 
8086 processor 

flags, 127 
instructions, 126-131 
JUMPS directive, 130-131 
memory segmentation, 74-76 
registers, 76-79 
nop, 128-130 
string instructions, 131-139 
synchronization, 128 

8259 processor interrupts, 372-376 
debugging, 37-38 
inline statements (C), 538 
instructions, 706-786 
programming, 461 
protected-mode instructions, 705 

profilers 
programs, 495 
Turbo Profiler, 532 

program listings (entering), 15-16 
program modules 

BCD.ASM (listing 11.1), 430-434 
BOUND286.ASM (listing 11.6), 

464-465 
BOXCHAR.ASM (listing 11.3), 444 
COLDBOOT.ASM (listing 11.5), 

457-458 
communal variables, 439 
DISKERR.ASM (listing 9.1), 342-344 
DR.ASM (listing 9.5), 362-364 
FILLSTR.ASM (listing 12.4), 518 
global variables, 440, 440-441 
HARDSHEL.ASM (listing 11.4), 

455-456 
INIT.ASM, 441 
KOPY.ASM (listing 9.4), 354-358 
linking to library files, 441-442 
oop\virtual\VIRTUAL.ASM 

(listing 14.9), 622-623 
PARAMS.ASM (listing 9.2), 346-349 
PASDEMO.ASM (listing 12.2), 505-506 
PASDEMO.PAS (listing 12.3), 506-507 

PASSHELL.ASM (listing 12.1), 500 
SHOWPARM.ASM (listing 9.3), 

350-351 
STR.ASM (listing 12.7), 524-525 
TABLE.ASM (listing 11.2), 442-443 
WHELLO.ASM (listing 15.1), 655-661 
WINAPP.ASM (listing 15.4), 680-690 

Program Segment Prefix (PSP}, 346 
programming 

286 microprocessors, 461-468 
386 microprocessors, 468-474 
critical code, 532-533 
modules, 170-173 
processors, 461 
Windows with TASM, 654-679 

programs 
16-bit code segments, 483 
32-bit code segments 

instructions, 483 
interrupts, 483 

assembler programs, 4-5 
assembling, 30-32 
bits, maximum values, 58-59 
code segments, 503 

addresses, 508-509 
.COM programs 

assembling, 45 
writing, 42-44 

COMSHELL.ASM (2.2), 42-43 
conditional compilation directives, 

314-324 
critical code, 495-496 
data segments, 24-25 

creating, 458-461 
registers, initializing, 668-669 

debuggers, 6-7 
Turbo Debugger, 37-42 

DOSMACS.ASM (listing 8.1), 324-333 
errors, 34-37 
.EXE programs, 42, 46 
EXESHELL.ASM programs (listing 2.3), 

43-44 
FF.ASM (2.1), 31 
FF.EXE, 31 



file handle maximums, 339 
FILLSTR. PAS (listing 12. 5), 518 
flow-control, 110-126 

jumps, 119-126 
return instructions, 116 
subroutines, 112-113, 116-119 
unconditional transfers, 112 

initialized data, 665 
linkers, Turbo Linker, 32 
macros, 300-301 
modules, linking, 179-182 
oop\list\LIST.ASM (listing 14.14), 

638-642 
oop\list\TINTOBJ.INC (listing 14.12), 

633-634 
oop\list\TITEM.INC (listing 14.10), 

627-628 
oop\list\TLIST.INC (listing 14.11), 

629-631 
oop\list\TSTROBJ.INC (listing 14.13), 

636-637 
oop\virtual\TBASE.INC (listing 14.7), 

616-617 
oop\virtual\TDERIVED.INC 

(listing 14.8), 619-620 
options/settings (saving), 322 
PR132.ASM program (listing 2.4), 47 
profilers, 495 
segment overrides, 452 

xlat instruction, 446 
segments, 450-451 

access operand, 447 
addresses, 452 
align operand, 447 
At, 456 
class operand, 447 
combine operand, 447 
declaring, 446-451, 455 
grouping, 453 
name operand, 447 
optimizing memory, 454 
phantoms, 456 
registers, 450 

PUSHSTATE DIRECTIVE 

small memory model, 454 
stacks, 450 

source code, assembling with conditional 
symbols, 316 

startup code, 666-668 
state values, restoring, 322 
step throughs, 522 
STR.PAS (listing 12.6), 520-521 
TSRs (Terminate and Stay Resident), 

395-397 
Turbo Assembler 

Ideal mode, 7 
MASMmode, 7 
versions, 15 

uninitialized data, 665 
uninitialized far data segments, 461 
variables, overlaying, 456 
warnings, 35-37 
WHELLO.DEF (listing 15.2), 661 
WHELLO.RC (listing 15.3), 662 
WINAPP.DEF (listing 15.5), 700 
WINAPP.RC (listing 15.6), 700 
WINAPP.RH (listing 15.7), 691 
WINAPP.RI (listing 15.8), 691-692 
see also applications 

protected-mode instructions, 705 
PSP (Program Segment Prefix), 346 
PUBLIC directive, 171-172 
PURGE keyword, 301 
purging macros, 301-302 
push (Push Onto Stack) instruction, 

757-758 
pusha (Push All General-Purpose 

Registers), 467, 758-759 
pushad (Push All General-Purpose 

Doubleword Registers) instruction, 759 
pushes 

balancing, 88-89 
subroutines, 118-119 
stacks, 85 

pushf (Push Flags) instruction, 759-760 
pushfd (Push Extended Flags) 

instruction, 760 
PUSHPOP.ASM (Ii.sting 4.2), 87-88 
PUSHSTATE directive, 322-324 



QUADWORD (BYTES) 

Q 

quadword (bytes), 55 
quotes, string variables, 158-171 

R 

RADIX directive, 204-205 
range-checking errors (indexes), 463 
rd {Rotate Left Through Carry) 

instruction, 760-761 
rcr (Rotate Right Through Carry) 

instruction, 761-762 
ReadChar routine {listing 7.1), 263 
reading 

data files, 359-'.361 
directories, 361-365 
DOS command line, 346-354 
function keys, 254-255 
port strings, 467 
text files, 354-359 

RECORD directive {union fields), 
214-216 

records 
fields (union), 218-220 
navigating, 361 
unions, 214-215 

redirection characters (110), 264-298 
reentrant ISRs (Interrupt Subroutines), 

382-383 
references (tables), 446 
register-indirect memory-addressing, 

147-148 
registers, 533 

8086 microprocessors, 76-79 
flags, 79 
general-purpose, 77 
index, 77-78 
instruction pointer (ip), 79 
pointer, 77-78 
segment, 78 

al values, 339 
data segments (programs), 668-669 

memory, 7 
Turbo Debugger, 38 

preserving with macros, 311 
removing from stacks, 467 
segments (programs), 450 
string instructions (index), 132-133 

registration (window classes), 670-672 
reloading DOS, 45 
removing 

general-purpose registers from stacks, 467 
parameter bytes from stacks, 514 
registers from stacks, 467 

rep {Repeat) instruction, 762-763 
repe {Repeat While Equal) instruction, 

762-763 
repeating macros, 308 
replacing macros, 301 
repne {Repeat While Not Equal) 

instruction, 764 
repz {Repeat While Zero) instruction, 764 
resource script files (Windows), 678-679 
resources (Windows) 

configuring, 678-679 
identifying, 671 

restoring 
programs, 322 
vector interrupts, 381-411 

return instructions {flow-control), 116 
returning 

addresses, 482 
global variables, 353 

rol {Rotate Left) instruction, 766 
ROM BIOS 

I/O routines, 253 
timer, 380 

ror {Rotate Right) instruction, 767-768 
rotate instructions, 483 
rotating 

bits, 69 
logic instructions, 101-11 O 
values (286 programming), 468 



routines 
ASYNCH.ASM (listing 10.4), 409-414 

Asynch!n, 413 
Asynchinit, 411 
Asynch!nStat, 413 
Asynch!SR, 413-414 
AsynchOut, 413 
AsynchStop, 412 

BCDAdd (listing 11.1), 435-436 
BCDCopy (listing 11.1), 438 
BCDSubtract (listing 11.1), 436 
BCDToASCII (listing 11.1), 437-438 
external (Pascal), 498-499 
FIL TER.ASM. (listing 7 .1) 

DisplayError, 264 
ReadChar, 263 
WriteChar, 264 

PackedToUnpacked (listing 11.1), 437 
UnPackedToPacked (listing 11.1), 437 

running 

s 

ADDSUB.ASM (listing 4.3), 95 
ANDORXOR.ASM (listing 4.5), 103 
MULDIV. ASM (listing 4.4), 98-99 
PUSHPOP.ASM (listing 4.2), 87-88 
SHIFT.ASM (listing 4.6), 106-109 
STRUC.ASM (listing 6.1), 200-202 
SUBDEMO.AS (listing 4.7), 114-116 
VERSION.ASM (listing 6.2), 224-225 

sahf (Store ah Register to Flags) 
instruction, 768 

sal (Shift Arithmetic Left) instruction, 
768-769 

sample rates (program profilers), 496 
sar (Shift Arithmetic Right) instruction, 

769-770 
saving 

assembly language, operating state, 323 
programs, options/settings, 322 

sbb (Subtract Integers with Borrow), 
770-771 

SCREEN.ASM (LISTING 7.2) 

SBinToAscDec subroutine (listing 6.3), 
234-235 

scanning 
386 microprocessors, 470 
string instructions, 137-138 

seas (Scan String) instruction, 137-138, 
771-772 

scasb instruction, 353 
ScBlink procedure (listing 7.2), 287-288 
ScBright procedure (listing 7.2), 287-288 
ScClrRect procedure (listing 7.2), 286 
ScDim procedure (listing 7.2), 287-288 
ScGetAttribute procedure 

(listing 7.2), 288 
ScGotoXY procedure (listing 7.2), 

283-284 
Scinit procedure (listing 7.2), 

289-292 
ScNoBlink procedure (listing 7.2), 

287-288 
ScPokeChar procedure (listing 7.2), 

284-285 
ScPokeStr procedure (listing 7.2), 

284-285 
ScReadXY procedure (listing 7.2), 

283-284 
SCREEN.ASM (listing 7.2), 273-279 

procedures, 282-291 
ScBlink, 287-288 
ScBright, 287-288 
ScClrRect, 286 
ScDim, 287-288 
ScGetAttribute, 288 
ScGotoXY, 283-284 
Scinit, 289 
ScNoBlink, 287-288 
ScPokeChar, 284-285 
ScPokeStr, 284-285 
ScReadXY, 283-284 
ScSetAttribute, 288 
ScSetBack, 286-287 
ScSetFore, 286-287 
SetVidAddr, 282-283 



ScSETAm1sun PROCEDURE (LISTING 7.2) 

ScSetAttribute procedure (listing 7.2), 288 
ScSetBack procedure (listing 7.2), 

286-287 
ScSetFore procedure (listing 7.2), 286-287 
searching values, 442 
SEGMENT directive, 447-451, 500 

access operand symbols, 449 
align operand symbols, 448 
combine operand symbols, 448-449 
use operand symbols, 449 

segment registers (8086), 78 
segments (programs), 450-451 

access operand, 447 
addresses, 452 
align operand, 447 
At, 456 
class operand, 447 
combine operand, 447 
declaring, 446-451, 455 
grouping, 453 
name operand, 447 
optimizing memory, 454 
phantoms, 456 
registers, initializing, 450 
small memory model, 454 
stacks, 450 

serial communications 
ASYNCH.ASM (listing 10.4), 398-404 
asynchronous serial I/O, 397-414 
TRM.ASM (listing 10.5), 405-409 

set-condition instruction, 772-774 
SETFIELD (logical operations), 221-231 
SETFLAG (logical operations), 220 
setting 

386 microprocessors (bits), 470 
trap flag (tf), 415-419 

SetVid.Addr procedure (listing 7.2), 
282-283 

sharing 
code, inline statements (C), 541-542 
programming modules, 170-173 

assembling, 172-173 
linking, 172-173 
PUBLIC directives, 171-172 

shift instructions (386 microprocessors), 
483 

SHIFT.ASM (listing 4.6), 105-109 
shifting 

32-bit registers, 474 
bits, 69, 104-106 

division, 111-112 
moving, 109-1 JO 
multiplication, 110-112 

logic instructions, 101-110 
SHIFT.ASM (listing 4.6), 105-109 
values (286 programming), 468 

shl (Shift Left) instruction, 775-776 
shld (Double-Precision Shift Left) 

instruction, 776 
SHOWPARM.ASM program module 

(listing 9.3), 350-351 
shr (Shift Right) instruction, 777 
shrd (Double-Precision Shift Right) 

instruction, 778 
sign-extended Boolean operations, 479 
signed integers, 205 

two's complement, 61-64 
signed values 

converting bytes to words, 100-101 
division, 100 
multiplication, 100 

simplified memory models (external 
assemblies), 545-547 

single inheritance (OOP), 589 
single-step mode 

debugging, 414-421 
trap flags (tj), 415-419 

SINGLE.ASM (listing 10.6), 416-421 
SINGLE.ASM (listing 10.6), 416-421 
SLOWMO.AS (listings 10.1), 378-380 
small memory models, 21 
SMART directive, 478-481 
snow (memory-mapped video), 270-271 
software, see programs 
source code (programs) 

assembling with conditional symbols, 316 
macros, 310-314 



space (variables), 152-155 
STACK directive, 21 

ISRs (Interrupt Subroutines), 385 
stacks, 84 

balancing, 88-89 
constant values, inserting, 480 
exchanging data, 89-90 
fixed parameters, 517 
interrupts, 385-388 
LIFO, 85 
memory, 85-86 
parameter bytes (removing), 514 
parameters 

deallocating, 516-517 
fixed, 517 

pops, 85 
procedures, 466 
pushes, 85 
PUSHPOP.ASM (listing 4.2), 87-88 
registers, removing, 467 
segments (programs), 450 
variables (addresses), 515 

STACKSIZE directive (linker definition 
files), 678 

standard flags, 708 
startup code, 666-668 
statements 

actions, 6-7 
assembly language, declaring variables, 

539-540 
static methods (OOP), 589 
static variables (Pascal), 501-502 
stc (Set Carry Flag) instruction, 778 
std (Set Direction Flag) instruction, 779 
step throughs (programs), 522 
sti (Set Interrupt-Enable Flag) 

instruction, 780 
storage (macros), 300 

string instructions, 135 
storing 

BCDs, 436 
macros in text files, 312 
numbers in BCD form, 424 
string characters in words vs. bytes, 308 

STRINGS 

stos (Store String) instruction, 780 
STR.ASM program module (listing 12.7), 

524-525 
STR.PAS program (listing 12.6), 520-521 
StrCompare procedure, 188-189 
StrConcat procedure, 191 
StrCopy procedure, 191 
StrDelete procedure, 189-190 
string instructions, 131-139 

addressing labels, 135 
comparing, 138-139 
index registers, 132-133 
loading, 133-134 
memory, filling, 136-137 
mnemonics, 134 
moving, 136 
scanning, 137-138 
storing data, 135 
zero, 138 

string objects (OOP), 636 
string parameters (macros), 302, 306-307 
string variables, 157-159 

apostrophes, 158-171 
quotes, 158-171 

strings 
ASCII, 157-158 
characters 

storing in words vs. bytes, 308 
strings, 26 

command line parameters (locating/ 
passing), 351 

converting, 225-240 
displaying, 173-179 
library module, 160-170 
multiple characters strings, 27 
ports (reading/writing), 467 
procedures 

Newline, 179 
StrRead, 177 
StrWrite, 177-178 

STRINGS.ASM (listing 5.1), 161-170 
STRIO.ASM (listing 5.2), 175-176 



STRINGS.ASM (LISTING 5.1) 

STRINGS.ASM (listing 5.1), 161-170 
procedures, 182-193 

MoveLeft, .183-185 
MoveRight, 183-185 
StrCompare, 188-189 
StrConcat, 191 
StrCopy, 191 
StrDelete, 189-190 
Strlmert, 190-191 
StrLength, 186 
StrNull, 185 
StrPos, 192 
StrRemove, 192-193 
StrUpper, 187-188 

repeated string operations, 187 
Strlnsert procedure, 190-191 
STRIO.ASM (listing 5.1), 203-204 
STRIO.ASM (listing 5.2), 175-176, 

180-181 
StrLength procedure, 186 
StrNull procedure, 185 
StrPos procedure, 192 
StrRead procedure, 177 
StrRemove procedure, 192-193 
StrToASCIIZ procedure, 520 

converting to assembly language, 524 
STRUC directive, 590-602 
STRUC.ASM (listing 6.1), 199-202 
structures, 198-204 

C language 
asm statement access, 538-544 
fields, 540-541 

fields, 198 
objects, 590-602 
STRUC.ASM (listing 6.1), 199-202 
unions, 213-220 
variables 

declaring, 198-199 
fields, 202-203 
STRIO.ASM (listing 5.1), 203-204 

StrUpper procedure, 187-188 
StrWrite procedure, 177-178 
STUB directive (linker definition 

files}, 678 

sub (Subtract) instruction, 781 
SUBDEMO.AS (listing 4.7), 113-116 
subroutines 

BINASC.ASM (listing 6.3), 231-237 
AscToBin, 236-245 
AscToNum, 235-236 
BinToAscBin, 234-235 
Bin ToAscDec, 234-235 
Bin ToAscHex, 234-235 
ChToBase, 235-236 
HexDigit, 232 
NumToASC!l 233-234 
SBinToAscDec, 234-235 
ValCh, 232-233 

callback functions, 664 
calling with DR.ASM program 

module, 364 
flow-control, 112-113 

intersegment, 116 
intrasegment, 116 
passing values, 117-118 
pushes, 118-119 

inserting with macros, 310 
ISR (Interrupt Subroutines), 370 
SUBDEMO.AS (listing 4.7), 113-116 
tail recursion, 652 

substitute operator(&), 304 
subtraction (math operators} 

binary, 64 
cmp, 97 
neg,97 
operators, 93-94 

symbolic parameters (macros}, 302-305 
symbols, 788-789 

conditional compilation directives 
assembling program source code, 

316-318 
defining, 314-316 
testingfor definition, 319 
undefining, 319 

declaring, 565 
enumerated data types, 477 
SEGMENT directive 

access operand, 449 
align operand, 448 



combine operand, 448-449 
use operand, 449 

Turbo Assembler, 790-792 
warnclass, 790 

SYMTYPE values (operators), 795 
synchronization, 8086 processor 

instructions, 128 
system startup, cold booting, 457-458 

T 

TABLE.ASM program module {listing 
11.2), 442-443 

table references, 446 
tail recursion {subroutines), 652 
TALLY.C {listing 13.1), 535-542 
TASM 

creating Windows applications, 679-698 
Ideal mode, 654 
programming Windows, 654-679 

TBuffer class, 572 
tchuge memory models, 22 
terminating macros, 320-321 
test (Test Bits) instruction, 782 
TESTFI.AG {logical operations), 220 
testing 

386 microprocessors (bits), 472 
conditional symbols for definition, 319 

text 
files (reading/writing), 354-359 
printing, 265-267 

text lines 
columns, 27 

aligning, 27 
comments columns, 29-35 
operands columns, 28-29 

mnemonic columns, 28-29 
timer (PC) 

interrupts, 380-383 
variables, 381-382 

timing values (instructions), 705-706 
tiny memory models, 21 
TITLE directive, 49 
TPASCAL memory model, 22, 515 

TURBO DEBUGGER 

transferring macro expansions, 321 
translating 

ASCII characters, 443 
index values to table bytes, 443 
value arrays, 445 

trap flag (tf), 414-421 
clearing, 415-421 
setting, 415-421 

trapping interrupt divide-faults, 389 
TRM.ASM (listing 10.5), 405-409 
TSRs (Terminate and Stay Resident), 

395-397 
Turbo Assembler 

closing line, 30 
.COM programs, 45 
command-lines, 33-34 
directives 

CODESEG directive, 28 
COMMENT directive, 29 
DATASEG directive, 25-27 
DB (define byte) directive, 25 
DB (define bytes) directive, 26 
D W (define word) directive, 25 
EQU directive, 23-24 
IDEAL directive, 30 
ORG (origin) directive, 44 
TITLE directive, 49 

.EXE programs, 46 
objects, 589-626 

encapsulation, 590-602 
OOP, 586-587 
programs (errors), 34-37 
symbols (predefined), 790-792 
versions, 15 
version 1.0, 798-810 

version 2.0, 811 
version 2.5, 812 
version 3.0, 812-814 
version 3.1, 814 
version 3.2, 815 
version 4.0,, 481-486 

Turbo Debugger, 6-7, 37-42 
conditional jumps, 125-126 
CPU window, 39-44 



TURBO DEBUGGER 

microprocessors, 37-38 
mov (data transfer), 83-84 
variable window (arrays), 208 
View:Variables command, 307, 309 
watch window, 96-97 

Turbo Linker, 32 
external assemblies, 544-550 
stacks, 84 

Turbo Profiler, 532 
two's complement, 61-63 

absolute values, 64 
neg instruction, 64 
not instruction, 64 

TYPE values (operators), 795 
type-ahead buffers, flushing, 255-256 
typed constants (addresses), 509 

u 
UDATASEG directive, 156 
UFARDATA directive, 461 
unconditional jumps, 119-120 
unconditional transfers (flow-control), 

112 
Undefined symbol error, 333 
undefining conditional symbols, 319 
underscores (assembly language), 548 
unfiltered 

input, 249-250 
output, 250 

uninitialized 
far data segments, 461 
variables, 25, 155-157 

UNION directive, 213 
unions 

bit fields, 214 
inserting into records, 218-220 
isolating values, 217-218 
MASK operator, 217 
names, 216-217 
RECORD directive, 214-216 
setting defaults, 215-216 

fields, 213-220 

records, 214-215 
structures, 213-220 

unpacked BCD numbers 
converting 

to/ftom ASCII digits, 427 
to/ftom binary values, 426 
to/ftom packed BCD numbers, 437 

instructions, 426-427 
variable lengths, 434 

U nPackedToPacked routine 
(listing 11.1), 437 

unsigned integers, 205 
unsigned values 

division, 97-98 
multiplication, 97-98 

UPDOWN. C (listing 13.2), 541-544 

v 
ValCh subroutine (listing 6.3), 232-233 
value parameters, passing, 512-513 
values 

arrays (translating), 445 
enumerated data types, 477 
fields (union), isolating, 217-218 
rotating (286 programming), 468 
searching, 442 
shifting (286 programming), 468 
subroutines, 117-118 

variables, 25-27 
addresses, 26 

verifjing, 446 
assembly language, declaring, 539-540 
ASYNCH.ASM (lising 10.4), 410 
C language, asm statement access, 

538-544 
communal, 439 
directives 

db, 152-155 
dw, 152-155 

exCode variable, 27 
exporting, 181-182 
far data segments, 459 



global, 440-441 
returning values, 353 

importing, 181-182 
initialization modules, 441 
initialized, 25, 155-157 
interrupts, 381-382 
labeling with macros, 304 
labels, 26 
local functions, 558-559 
macros, 307 
overlaying, 456 
parameters, passing, 514-515 
Pascal (addresses), 511 
space, 152-155 
stacks (addresses), 515 
static (Pascal), 501-502 
strings, 157-159 

apostrophes, 158-171 
quotes, 158-171 

structures, 198-204 
declaring, 198-199 
fields, 202-203 
STRIO.ASM (listing 5.1), 203-204 

uninitialized, 25, 155-157 
vectors (interrupts), 375-376 

restoring, 381-411 
verifying variable addresses, 446 
VERSION directive, 474-475 
VERSION.ASM (listing 6.2), 224-225 
video 

buffers, 267 
CHARS.ASM (listing 7.3), 279-282 
memory-mapped, 267-272 

cursor coordinates, 269-271 
modules, 272-289 
snow, 270-271 

SCREEN.ASM (listing 7.2), 273-279 
procedures, 282-290 

View: Variables command (Turbo 
Debugger), 307-309 

virtual method table (VMT), 589 

virtual methods 
calling, 612 

WINDOWS 

OOP, 589, 609-626, 650-652 
oop\OOMCROS.INC (listings 14.6), 

613-614 
polymorphism, 610 

vMT (virt~ method table), 589 
VMT object pointers (OOP), 649-652 
VMTSeg macro, 614 

w 
wait (Wait Until Not Busy) 

instruction, 783 
warnclass symbols, 790 
warnings (programs), 35-37 
watch window (Turbo Debugger), 96-97 
wbinvd (Write Back and Invalidate 

Cache), 783 
WHELLO.ASM program module 

(listing 15.1), 655-661 
WHELLO.DEF program (listing 15.2), 

661 
WHELLO.RC program (listing 15.3), 662 
WHILE conditional compilation directive, 

321-322 
WINAPP .ASM program module 

(listing 15.4), 680-690 
WINAPP.DEF program (listing 15.5), 700 
WINAPP.RC program (listing 15.6), 700 
WINAPP.RH program (listing 15.7), 691 
WINAPP.RI program (listing 15.8), 

691-692 
Wmdows, 11 

application shell, 679-692 
applications, 655-662 

creating with TASM, 679-698 
dialog boxes, 696-698 
naming conventions, 665 
pop-up menus, 693-695 

Create Window function, 672 
functiOns 

calling, 673 
declaring external, 664 



WINDOWS 

linker definition files, 677-678 
listings, 822-823 
message loops, 669, 673-674 
programming with TASM, 654-679 
resource script files, 678-679 
resources 

confi,guring, fi7'8-fi7'!J 
identifying, fi7'1 

windows 
classes (registration), 670-672 
creating, 672-673 
default handler, 675 
messages, 693 

passing, fi7'5 
procedures, 675-677 

WinMain function, 666, 669 
WinProc procedure, 693 
words 

bytes, 55 
converting to doublewords, 472 
signed values converting to bytes, 

100-101 
WriteChar routine (listing 7.1), 264 
writing 

.COM programs, 42-44 
data to files, 340 
data files, 359-361 
DOS filters, 258-265 
.EXE programs, 42, 46 
external string functions, 517-520 
ISR (Interrupt Subroutines), 370-371 
port strings, 467 
procedures with macros, 310 
programs (Ideal mode), 7 
text files, 354-359 

X-Y-Z 

xadd (Exchange and Add) instruction, 
784-785 

xchg (Exchange) instruction, 784-785 
xlat (Translate From Table) instruction, 

443-446, 785 
XOR (Exclusive OR), 220-223, 786 

masking, 67-69 

zero (string instructions), 138 
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