- ASSEMBLY
LANGUAGE

FORTHEP

THIRD EDITION

9
. . ¥ 4
*Harness the power of the 80x86 Disk lnSI-d\e.
microprocessor
*Build real-world programs, including a
general-purpose, full-screen disk editor
* Add compact assembly code to your C and
C++ programs
*Use assembly code in protected-mode and
Windows programming
*Master advanced techniques such as step-
wise refinement and modular design

Disk includes all the code
examples in the book plus
more than 30 valuable,
time-saving assembly
routines for your C and
C++ programs

s i TP (S, ol S






Assembly
Language
for the PC,

Third Edition

John Socha

and
Peter Norton



Copyright © 1992 by John Socha and Peter Norton

All rights reserved, including the right of reproduction in whole or in part in any form.

Brady Publishing

A Division of Prentice Hall Computer Publishing
15 Columbus Circle

New York, NY 10023

ISBN: 1-56686-016-4
Library of Congress Catalog No.: 92-44830

Printing Code: The rightmost double-digit number is the year of the book’s printing; the
rightmost single-digit number is the number of the book’s printing. For example, 92-1
shows that the first printing of the book occurred in 1992.

95 94 93 43
Manufactured in the United States of America

Limits of Liability and Disclaimer of Warranty: The author and publisher of this book
have used their best efforts in preparing this book and the programs contained in it. These
efforts include the development, research, and testing of the theories and programs to
determine their effectiveness. The author and publisher make no warranty of any kind,
expressed or implied, with regard to these programs or the documentation contained in this
book. The author and publisher shall not be liable in any event for incidental or consequen-
tial damages in connection with, or arising out of, the furnishing, performance, or use of
these programs.

Trademarks: Most computer and software brand names have trademarks or registered
trademarks. The individual trademarks have not been listed here.




About the Authors

John Socha is known in the PC industry for his writing and his software prod-
ucts. In the early days of the IBM PC, he wrote a column for the now defunct
magazine Softalk, in which he published such programs as ScenSave (the first
screen saver) and Whereis (the first program to find files on hard disks). After
the demise of Softalk, John concentrated on finishing his Ph.D. in Physics and
writing The Norton Commander, which became a best-selling software prod-
uct. He is also the coauthor of the best-selling book PC-World DOS 5 Com-
plete Handbook and the author of Learn Programming and Visual Basic 2 with
John Socha. John grew up in Wisconsin, earned a B.S. degree in Electrical En-
gineering from the University of Wisconsin, and an M.S. and a Ph.D. in Ap-
plied Physics from Cornell University. He now runs a software company called
Socha Computing that develops Windows and Macintosh utility software in
Kirkland, Washington.

Entrepreneurial software developer Peter Norton is the author of more than a
dozen technical books. His first book, the best-selling classic Inside the IBM
PC, was published in 1983, and was followed later in the year by another Brady
book, his immensely popular guide to DOS.

Born in 1943 and raised in Seattle, Washington, Mr. Norton attended Reed
College in Portland, Oregon, where he majored in physics and mathematics.
He completed his education at the University of California at Berkeley where
he received a Bachelor of Arts in mathematics. During the Vietham War he
served in the U.S. Army and taught emergency medicine to combat medics.
He received a priestly teaching certificate after studying for five years in a Zen
Buddhist monastery. Mr. Norton held a variety of positions in the computer
industry before he created the Norton Utilities software program in 1982. He
subsequently founded his own company, Peter Norton Computing, Inc., to
develop and market his software. During the last decade, he has written many
popular columns for computer magazines. In 1990 he sold his company to
Symantec Corporation and devoted himself to the Norton Family Founda-
tion, a fund that provides financial assistance to arts organizations in the Los
Angeles area. He currently lives in Santa Monica, California, with his wife Eileen
and their two young children Diana and Michael.






Contents

Introduction

.................................................................................. 3%
Part] Machine Language 1
1 Learning Debug and Computer Arithmetic ...................... 2
Topics Covered ..ot seaee 3

A Brief History of Intel Microprocessors .............ccceeueverevererenns 4
Counting the Computer Way ......ccccceivivieisrinieceeeeeereenne 5
Counting with Hexadecimal Numbers ........ccccoovvvererieeriinenee 5
Using Debug ........coociiiiiiniiiinininiieeeceee e sneees 6
Doing Hex Arithmetic ........cccccoevieiviinineeeeeee e eneseneees 7
Converting Hexadecimal to Decimal .........cccoeoinniniiinennace 9
Five-Digit Hex Numbers........ccocoovinniinnniinneienenen. 12
Converting Decimal to Hex ..o, 13
Working with Negative Numbers .......cccceernrininncnnnnenes 15

Bits, Bytes, Words, and Binary Notation ......ccccocoueuceciivevenennes 17
Two’s Complement—An Odd Sort of Negative Number ....... 19
SUILBIABG oo connseeeseovessnncannacearsneasseenerggisbons suzsoss i sencs oens IUNEES 21

2 Doing Arithmetic with the 80x86.................ccccccceeeie. 24
Topics Covered.......coeviiniiinirenieieierieenieeneeeeeie et seeeeeeaes 25
Using Registers as Variables ..o 26
Using Memory in the 8086 .......cccvvevimeeicneeneiicieenenenn 27
Addition, 80x86 Style ......cccceciriiiiiiiiiiieeccceeees 30
Subtraction, 80x806 Style ... 32
Negative Numbers in the 80x86 ........cccccvviiviiiiiiicinnne, 33

Bytes in the 80xX86 .....cccviiiiiiiiiiieiirie e e 34
Multiplication and Division, 80x86 Style ......c.ccccvveeiinuennnnen 35
SRR AT (o toim e cnsuesveseins sisuonso s onsoessssiesashoessessosuiases ousnenens 38

3 Printing Characters .............ccoocoiiiiiiiininiice 40
Topics Covered......coeeneininieinininiiiniiiiesi e 41
INT— Using DOS Functions ........ccceveeiiinininineccnnnnn. 42

Exiting Programs—INT 20h ......ccooiiiiiiiicne, 44



Assembly Language for the PC, Third Edition

Putting the Pieces Together—A Two-Line Program ............... 45
Entering Programs ...........cccccooiiiiiinneiniiie e 46
MOVing Data into Registers ........cccccoceiriivenineniniiiicirrnnn, 47
Writing a String of Characters .........coceoveeeeninieiiieice 50
SUMMATY oottt 52

4 Printing Binary Numbers..............cccoooonniniiinn, 54
Topics Covered........ouiuiiinnneicinterereintnneesese st 55
Rotating Numbers through the Carry Flag .......ccccoovevvvvenennene. 56
Adding the Carry Flag to a Number ......c.cocccoceivininiininnnnn. 58
Looping—Repeating a Block of Code.........c.ooveoiniiirieininnne 59
Building a Program to Display a Binary Number.................... 61
Stepping over INTs with the Proceed Command.................... 63
SUMMALY (.ot e 63

5 Printing Numbers in Hex.......c..cccoccocvnininnniiinnn 66
Topics Covered........couviiniininininiiiiiiiiee e 67
Comparing Numbers ...........ccoiiiiiiniiiiccnes 68
Other Status Flags .......ccocoovviniiiiiiiniiiiicceene 68

Using the Status Bits—Conditional Jumps.........cccccccoeeee 70

Using CMP to Compare Numbers ..........cccoevivivuiiieniniennnn 70

Printing a Single Hex Digit........cccocooviii 71
Using Rotate To Get the Upper Nibble ........ccccccoovviiniinns 73

Using AND to Isolate the Lower Nibble ............................ 75

Putting It All Together ..o 77
SUMMALY covviiiiiiiicicin s 77

6 Reading Characters............ccocooviiiiviiiiiniiiiiee 80
Lopies-Covered ...........co.. SN L 00NN n 81
Reading One Character .........ccccoviiiiiiiiniciiiccicisee s 82
Reading a Single-Digit Hex Number ..........ccccooooiiviiinnnn. 83
Reading a Two-Digit Hex Number .........cccooviiiiinnn. 84

S UM MR ATres. 7 S e ETTTriem « o« NI 85

7 Using Procedures to Write Reusable Code...................... 86
Topics Covered ..o 87
Writing Procedures ..........cccovviiniiiniiiiiiiicieccene 88

Vi




Contents

How CALL Works: The Stack and Return Addresses ............. 90
PUSHing and POPping Data ..........cc.cccuvuiviiiiiiieeeeeceeeeeennns 91
Reading Hex Numbers with More Class .........cocovivevveveeieieence 94
SUMMALY ©oviiiiiiici e ae 96

Part II Assembly Language 99
8 Welcome to the Assembler ........................coocviiiiiiei. 100
Topics Covered ..........ccccociiiiniiniie s 101
Building a Program without Debug .........ccocoevuiiiincinann. 102
Creating Source Files ......ccoooiiviviniiiiiiii s 105
Linking Your Program ..........ccoccoiviiiiiiiiinieiiiecciece e 106
Looking at Writestr in Debug.......coceviviciiniincciinnen 108
Using COMMENTS .......ooiuiiiiiiiiiieiiiiiee sttt 108

Using Labels for Code ........ccooiuiuiiiiiiiniinieiicenceeennes 109
OUTNTIALY. L. %o ovebeesisneenssonsonssonsassonndBhoans ooe. SSTISNIRRESS 111

9 Writing Procedures in Assembly Language................... 114
Topics Covered........oiiiieiiiiiiiiiiiicccccee e 115

The Assembler’s Procedures .oooveeeeeeeeeeeeeeeeeeeeeeceeeeeeeeeeesssenes 116

The Hex-Output Procedures .........ccooeiniiiiiniiiinicnnnn. 118

The Beginnings of Modular Design ........c.cccoooviiiiiienins 122

A Program Skeleton ........c.ccocevviviiiiiniiiiiiiiiiciece 123
SUMMATY ©eitiiiiiiei e 124

10 Printing in Decimal ... 126
Topics Covered......ccooviiiiiiiiiiiiiiiii 127
Reviewing the Conversion to Decimal .......c.ccooviiniinnnn 128

Some Tricks and ShoOrtCuULs wee.evvveeivveiieiieiieieiieeeeeiiieeeeeeeeeeeeees 131

The Inner Workings of WRITE_DECIMAL ....................... 133
SUNINAETILILI . M. ooevieenierirenniientessess e bueserees Bie dibbesbsts S 135

11 Segments ........cccccooviiiiiiiiiiiiiiiicii e 138
Topics Covered ........cccuveviiiiiiiiiiiii e 139

How Memory Is Divided into Segments........cccocvmvveveuennenn. 140

The StaCK ...eiieeeeieeeeeee e e e e e e 144

The Program Segment Prefix (PSP) ....ccoveviiiiiiiiiinn, 146

Vil



Assembly Language for the PC, Third Edition

The DOSSEG DIIECTIVE «.ceveeeeeeeeeeeeeeeeeeeeeee oo 147

INEAR and FAR CALLS ......oooviiiieieeeeeeeeeeeeeeeeeeeeeee e 149

More on the INT InStrucCtion ........coooveeeeeeeeeeeeeeeeeeereveeneens 152
INterrupt VECTOLS ...c.ccuiiiiiiiiiiniiicincneitcteeee st 153
SUMMALY ..ottt 154

12 Course Corrections—How to Build Dskpatch ............. 156
Toepics Coverod .. sl UNsiame ., S, ... 157

Disks, Sectors, and So Forth .......ccceveevvveeeeooeeemeeeeeceeeeennn.. 158

The Game Plan for Building Dskpatch ......ccccceovniirinrinnnnnn. 161
SUBMALY ....... rss et e AU ez, - . -« scRUS NN ez .. v v 162

13 Modular Design—Building Programs in Pieces ........... 164
Topics COVEred......cevmmiuimiririeieninieiicieieietee st 165
Separate Assembling .........cccoooeeieiiinenniniinn e 166

The Three Laws of Modular Design ......c.cccocoeuvrecinvnnnneeee. 170

Using the Programmer’s Workbench ... 174

Using PWB’s Pull-Down Menus .........ccccoeeiviiinennnnn 175

Setting the Program List .......ccccccovviviiiiinniiiinniinnnnn 176

Building TEST.EXE.....c.ccociiiviiniiiiiiiiicccicceicee 177

Editing Files in PWB ......ccccoiiiiniicnnirenceeceeneenee 178

Jump 1o Definitions .........ccccceiviiviniiciinniiineiiiinenene 179

Loading the Program List .........cccooiiiiiiiiiinnnicinnne, 181
SUMUMALY ettt ettt re st s ne e 181

14 Dumping Memory..........ccoceceiieuinnineiieicicceee e, 184
Topics Covered.......cooouiiiiiininiiiiiiiccicieccecns 185

Using Addressing Modes to Access Memory ......cccoceveinnne. 186

Using the Data Segment ........ccccccoeveviiiiiiiinniinnininen, 189
Base-Relative Addressing...........ccoooovriiiiiiiiiniiiiiiiinne 191
Setting DS to Point to your Darta Segment ..........cocoeiinnin. 193
Adding Characters to the Dump ..o, 194
Dumping 256 Bytes of Memory ......c.ccovvviivviviinviinciininns 197
SUMPATY ... sxsevasgsssuecsses g saaas o va g ks gsiss s pummmeliie. .o g .- 202

15 Dumping a Disk Sector..........cc.ccoooviiiiiiniiininiene 204
Topics Coverede. ..o ..o St .. o, o oo SRS 205

Making Life Easier .......ccocooviininiiiiiiiiieceieee s 206




Format of the NMake File ...occooovviriioeeioe oo eeeeeeseeens 207
Patching up Disp_sec......ccovviiiiiririieececeee e eeesienes 208
Reading a Sector ... 210

The .DATA? DIFECTIVE ...oveiviieeee e eeeeeeeereeeeeeseeressraeeens 215
SUMMATY ©oviiiiiiiic e e 216

16 Enhancing the Sector Display ................cccooveieviriinnnnnn. 218
Topics Covered.......ocoviimiiniiiniiiiieceee e 219
Adding Graphics Characters ..........oooeevereereeriereeresieeseens 220
Adding Addresses to the Display ......cocoeeeeiicnnienceiiccnn. 222
Adding Horizontal Lines.........ccccccovvivioininirieinee e 227
Adding Numbers to the Display .......ccccooeviiiinnninrnnes 232
SUIMIMALY «oovivinreiiiiin et n s 234

Part llI The IBM PC’s ROM BIOS 237
17 The ROM BIOS Routines ..........ovvvveveeeieeeieeaeeeeeeeeaenn. 238
TopicS COVETEd .........cooeeeerecrmsicareetenncaBhan e B ket Y. el 239

The ROM BIOS Display Routines .......c.coceverereruinieccneennene. 240
Clearing the Screen .........coccoveiiiiirenerneeccence e 244
Moving the CUursor .........cccooviiiiiiiiiiccceeeee 246
Rewiring Variable Usage ......cccococevviiniiiienniniiicccnenee 248
Writing the Header ..o, 252
M i L L S e 256

18 The Ultimate WRITE _CHAR..........cccccccevvvvviveiiiinnnnns 258
Topics Covered........coevimminininiiniiiiiiiricieee s 259

A New WRITE _CHAR ..oooiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeneeens 260
Clearing to the End of a Line .....cccoovviiinicinie, 264
SRIOMEIALY, - v vevasenessecnssessosssssassossessndiiesacdonts Mot st snmmnd ves o8 267

19 The Dispatcher ..o, 268
Topics Covered......c.couvvirinmnininiiiiiinienieice e 269
Building a Dispatcher ........ccoooviiiiiiiiiie, 270
Reading Other Sectors ......cooveiiiiniiine e, 277
Philosophy of the Following Chapters .......ccccoevevrveennnnne, 281

Contents

ix




Assembly Language for the PC, Third Edition

20

21

22

23

24

25

26

A Programming Challenge...................c..cocoeiiivinnnnnnn, 282
Topics Covered.......ovimmiriiniiineirese e 283
The Phantom Cursors.....coeveevveieecinenienseenenseeeseeeeseseenens 284
Simple Editing .......ccoiiiiinniiiinne e 285
Other Additions and Changes to Dskpatch.........ccceuvuvunnnnne 286

The Phantom Cursors ..........c.cccooevvieveecieiieiieieieienenns 288
Topics Covered ... 289
The Phantom Cursors......cceevenveeesieisesesseieressessesseeeseesens 290
Changing Character Attributes ..........coeveveeererverereererieeenenenes 296
SUMMATY 1ot 297

Simple Editing ..........ccooccoviiiniiininiceiceeeeeeen, 300
Topics Covered ..ot 301
Moving the Phantom Cursors .....cccoccoveveveeeneecnncinccreennns 302
Simple Editing ..ot 306
SUMMALY c.ooiiiiiiiiiiie et 310

Hex and Decimal Input...............ocoooniinin 312
Topics Covered.....oooveivveinininiiniiininiciciciceeeeereeeieeiens 313
HeX INPUC.ciiiiiiiiiecieercreccrcetee e s 314
Decimal INPut c.veeveeeieiiicenceccc e 323
SUMMALY conviiiieniieieeienre et st st sae s sreesiessae st ssnesanesas 327

Improved Keyboard Input ...........cccccocoininniinn. 328
Topics Covered.......oouvmiiniiiiiinniiiii e 329
A New READ_STRING .....coovviiiviiiirienrriinieenieeneessneesnnes 330
User vs Programmer Friendly......ccocooviiiiiii 337
SUBTIMRLY . .00 v snacsans e iU RN .. .. ol N S 342

In Search of Bugs........c.ccocooviiiiiiiiiiiiiiiic, 344
Topics Covered ..ot 345
Fixing DISPATCHER........ccccovvniniiriitcccciine 346
SUMMATY ceoiieiieiicie e 348

Writing Modified Sectors ..o 350
Topics COVEred ..ot 351
Writing to the Disk .c.ooeovvviiiiiniiiiiiiicie, 352




More Debugging Techniques .........ccccoeueeiiciiiiciiieee 354
Building a Road Map .........ccocoiiiniiiiee e 355
Tracking Down Bugs ..........cccooiiiviiienieccicceeeee e 358
Source-Level Debugging ...........ccoeiuiiniiiiiieisccee e 360
Microsoft’s COAeVIEW .......ceueeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeee e 361
Borland’s Turbo Debugger .......ccooiviiiniiieireicrecececee 365
SUMMALY ...oeoviiiirriiititree e e settsesttst st sesssssasassss 369

27 The Other Half Sector.......c.ccovvvviieieeeeeeeeeeeeeeeee, 370
Topics Covered.......coovmiimininuiiiiieieieee et saeanens 371
Scrolling by Half a Sector .......cceviieveireieeceeeeeieee e 372
SUMMALY oot st et saesebaes 375

Part IV Advanced Topics 377
28 RelOCAtion ........ueviiiiiiiiiiiiieee e 378
Topics Covered........couiimirenreiiniieicinieeeestee e 379
Writing COM Programs..........ccccvevieveeviinennecnninicienncnnens 380

Using Full Segment Definitions .......ceceeeeveueiviicininecnienennne 380
] O O 1O TIEE 00t e e eehias e S euuaaae e eI 381

COM vs EXE Programs..........ccocoiuiiinieniinienienieicceeieecenens 386

29 More on Segments and ASSUME ................................. 390
Topics Covered.......oovmvrnienininiiiiiiiiniiicie s 391
Segment OVerride .......occeveiviiiriiiiniiniiecie e 392
Another Look at ASSUME ..o 394
SUMMATY .ottt e 395

30 A Very Fast WRITE CHAR...............ocoeiiiiiiiiine 396
Topics Covered.......oouevirienniniiiiniiiiniciesici e 397
Finding the Screen Segment.........ccccoooininiiniiniiiiccicine, 398
Writing Directly to Screen Memory ..., 400
High-Speed Screen Writing ........cccovuiiivivriiiiinicniiiciiiicnens 403
SUMMATY .ottt 411

31 Using Assembly Language in C and C++ Programs......412
Topics Covered ..o 413

A Clear Screen fOr C .o eeeeeeeteeeeeeeeeeree e eereeeneane 414

Contents

Xi




Assembly Language for the PC, Third Edition

Using Clear_screen in C++ woooceieuiieveieeeieneereeceiecsceeceeeeaes 418
Passing One Paramerer ...........ccccoevivieinincnniinnneneee e 420
Passing Multiple Parameters ..........cccovmmniiinnnnieie. 426
Returning Function Values ..........cc.cccccoiviennenennnnnnnnncn. 428
Using Other Memory Models........cccovueeinininnnineiicnnnenne. 429
Writing NEAR and FAR Functions ......cccceeevninieeinnnnee. 432
Working with NEAR and FAR Data.....cccccovnriininnnee 432
Writing General-Model Procedures ........ccoceevinenieiencnne. 436
Summary on Writing C/C++ Procedures in Assembly .......... 439
Writing In-Line Assembly Code .....c.c.ccoovveiniiiinnnnceenn. 440
Using Far Data ... 441
Summary on In-Line Assembly........c.cccoiininiinnnn, 443
SUMMATY .ottt ettt 444
32 DISKLITE, a RAM-Resident Program ......................... 446
Topics Covered ..o 447
RAM-Resident Programs .......c.cccccceevviviiviriniennieincnennceennnn 448
Intercepting Interrupts ..o 448
Drigllite ..o oo s S 5 oo v IR e oo 450
33 Protected-Mode and Windows Programming .............. 458
Topics Covered .., .mm o L. ... G e e e 459
What Is Protected Mode? ........ccoviviiniiiniinininniniiniiiinnes 460
A Brief History of the 80x86 .........ccccooviuniimnicinieenne, 460
Addressing Extended Memory ..o 461
How Descriptor Tables Work ......ccooiiiiiii 463
Working in Windows .......cccccviminninininiiniiieeeee 465
Validating Pointers, Part T .....c.oooviniiiiiiiice, 465
Determining the Size of Segments ..........cccooovveivienennn. 467
The 32-Bit Registers .....ccccovueiriiiiinriiiiiiieccecee, 471
Validating Pointers, Part IT .....ccoooviininniis 472
SUMMALY 1ottt e sasae s 478
34 Closing Words and Bibliography ................................ 480
Tapied Covergtl. .o st Bt ... . Hauisnss-ans i S02 481
80x86 Reference Books .......cccoeumvmueiicuricuiiniiiiiccccces 482
DOS and ROM BIOS Programming .........cccooeeniniencriencnnnn 483

Xil




Contents

RAM Resident Programs ............ccccoueveeeerererenerinneresenneenees 483
Advanced DOS Programming .........cccoooeuevemuivereneesereeeernenens 484
Windows Programming ..............ccccecevrveverininniesnrereesesenens 484
Software Design ..........ccouiuiiiriirrieiniciese st eneaeeens 485
Other References ...........ccccoviiiiiiiinieniecisieienec e ssennaes 485
A Guide to the Disk ..., 486
Topics Covered ..........couiiiiiiiiiiiiee s 487
Chapter Examples.......c.cccooiiiiiiniiiiiiircseseec e 488
Advanced Version of Dskpatch .......cooeeeiniiiiniinciine 489
DISKLITE Program ........c.cccoeivimivniininieieeeeeeeeeveene 492
Windows Code ......ccouruiviirieiiiiiiieesei e 492
C/Ct+ LIbraries ........cccccoeviviiiiiiininieeninienies e cesesssssesesnenes 492
B Listing of Dskpatch ...............cooiiiiiine, 494
Topics Covered ... 495
Descriptions of Procedures.........cccoeeeueerrienieeeuenenineenenennens 496
CURSORASM ...c.oiiiiiicteeieeiiseeeessesecsieseseasssesenes 496
DISKZEOASM ............ccooneonns RS s 496
DISPATCH.ASM ..ottt svesennes 497
DISP_SEC.ASM ..ottt saeeeeseenes 497
DSKPATCH.ASM ..ottt e 498
EDITOR.ASM ..ottt enesnenes 498
KBD_TO.ASM .. 498
PHANTOM.ASM ..ottt ssesasnenes 499
VIDEO_IO.ASM ..ottt 500
Dskpatch Make File......cccooviiniiiiiiiiiiiiiin, 501
Dskpatch Linkinfo File ......cccccooiviiinii 502
Program Listings for Dskpatch Procedures........ccceveuinnnnnes 503
CURSORASM ....viiieieeentetreeeretne st esesaees 503
DISK_TO.ASM ..ottt 507
DISPATCH.ASM ...ttt 510
DISP_SEC.ASM ....oociiiiitienieeieeneeire et see et sne e e 512
DSKPATCH.ASM ...ttt 519
EDITOR.ASM ....ooiiieiiirreieieieeeeseseeteeseeseesesessnssensees 520
KBD_IO.ASM ..ottt cscsssesnsenens 522
PHANTOM.ASM ..ottt 531
VIDEO_IO.ASM ..ottt st csssenens 537

Xiii




Assembly Language for the PC, Third Edition

C C/C++ Libraries in Assembly ... 546
Topics Covered......ooviiiiiiiiiiiiecieecceseiceecaeseennen 547
Descriptions of Procedures.........cco.coveereenienenneneeiecnennes 548
SOCHALIB.INC ...t 548
INAUARIZIRNOCTE) s 0 OO0 G000 ARG e 548
CURSOR.ASM ...t ee s vasnae s 548
FASTWRIT.ASM ..covvioiiiniiiiiieieieceeeeeesie e eseeoneesnsesanons 549
HARDWARE.ASM .ot 551
KBD_TOASM ..oooiiniiiiiiiiiniienieinieasreenreetessuessseonsssssesasens 551
MOUSE.ASM ...oeeiceveeeeteeecssenaaneeesssssseeeeessssrnnnes 552
Makefile ...ooviiiiriiiiiceiiee e 553
SOCHALIB.INC ...ttt eeeeteees e eeeeese seeeennnnanes 554
CURSORASM ottt 555
FASTWRIT.ASM ... 561
HARDWARE.ASM ..ottt ceeeciianeeeeeeveaaeas 577
KBD_TO.ASM . ee e 580
MONISE. ASMb oo, s - - A ae 584
D Miscellaneous Tables ..........c..ccovveeviiieciiieeiiiicieecreens 592
Topics Covered......ccomermminiiiniiiniiinieiicieieee e s 593
Table D-1 ASCII Character Codes ........cooovvveeecuveeeenenennn. 594
Table D-2 Color Codes .......ooueeevveivivieiieieieecieeeciveeeiveennes 598
Table D-3 Extended Keyboard Codes ........cccooevviiniiinnnns 598
Table D-4 Table of Addressing Modes .........ccccevenrnnnenee. 599
Table D-5 INT 10h Functions .........ccocoovevivniiciiieieninns 600 |
Table D-6 INT 16h Functions .......ccccceeveeeeeeeeciieeveennnennne 603
Table D-7 INT 21h FUNCHONS w....vvvoooeeevveeeeeereire 604 |
Table D-8 Sector Read/Write Functions ......c.ccceeeeuveennn. 606 ‘
INAEX oottt 609

Xiv




Introduction

Why Learn Assembly Language?

There are now more reasons than ever to learn assembly language. Even pro-
grammers who only use a high-level language like C/C++ or Pascal can benefit
from learning assembly language.

When we wrote the first edition of this book, several years ago, programmers
and companies were actually writing entire programs in assembly language.
For example, Lotus 1-2-3 before release 2 was written entirely in assembly lan-
guage. These days, very few programs are written entirely in assembly language.
Even 1-2-3 has now been rewritten in C, and many programmers are moving
on to C++, which is a very powerful descendent of the C programming lan-
guage. So if people are not writing large programs in assembly language, then
why would you want to learn and use assembly language?

Knowing assembly language will make you a better programmer, even if you
never actually write any assembly-language subroutines or code for your pro-
grams. Many of the idiosyncrasies you will find in C/C++ or Pascal programs
have their roots in the microprocessor and its design. When you learn
assembly language, you are really learning about the architecture of your com-
puter. This insight should make many of the artifacts of computer languages
clear to you. For example, you will see why an integer has a value range of
-32,768 to 32,767, and you will learn all about bytes, words, and segments.

Assembly language programs are at the heart of any PC compatible computer.
In relation to all other programming languages, assembly language is the low-
est common denominator. It takes you closer to the machine than the higher-
level languages do, so learning assembly language also means learning to
understand the 80x86 microprocessor inside your computer.

This knowledge about the microprocessor is also very useful in the world of
Microsoft Windows, as you will see in Chapter 33, which discusses protected-
mode and Windows programming. You will learn about some features of
Windows programming that you probably won’t find in any other book. This
is because there are programming techniques that you can do and learn about
in assembly language that you would not normally learn about in a high-level
language.
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At some time or other most programmers write or modify some assembly
language code. This is even true for Microsoft Windows programs. The most
common reason to use assembly language is for speed. Computers, modern
C/C++ and Pascal compilers are very fast; compiled code runs very quickly.
Bur there are times when even compiled C/C++ or Pascal code won’t be fast
enough. Very often in these cases you can write a small amount of assembly-
language code to perform the work in the inner loop.

Compilers have also improved significantly since we wrote the first edition of
this book. Years ago you Aad to use an assembler, such as Microsoft’s Macro
Assembler, to add assembly-language code to your programs. But almost all
compilers these days support in-line assembly, which allows you to add a few
lines of assembly-language code directly to your program, between lines of
C/C++ or Pascal code. This makes it much easier to use small amounts of as-
sembly language in your programs. You will learn how to use in-line assembly

in Chapter 31.

There are also other cases which require programmers to write larger amounts
of code in assembly language. If you are writing a device driver for DOS or
Windows, or almost any other operating system (except for Windows NT),
you will probably have to write the device driver in assembly language. For
example, Windows has a very powerful mechanism called a Virtual Device
Driver (also known as a VxD) that allows you to alter the way devices work
inside Windows for all Windows and DOS programs running under Windows.
These VxDs must be written in assembly language.

The Approach We Use

Like most introductory books on assembly language programming, this book
shows you how to use the instructions of the 80x86 microprocessor. But we
will go much farther and cover advanced material that you will find invaluable
when you start to write your own programs.

By the time you finish reading this book, you will know how to write large
assembly language programs and how to use assembly language in your C/C++
programs and Windows programs. Along the way, you will also learn many
techniques that professional programmers use to make their work simpler.
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These techniques, which include modular design and step-wise refinement,
will double or triple your programming speed and help you write more read-
able and reliable programs.

The technique of step-wise refinement, in particular, takes a lot of the work
out of writing complex programs. If you have ever had that sinking, where-
do-I-start feeling, you will find that step-wise refinement gives you a simple
and natural way to write programs. It is also fun!

We will also try to show you how comments can help you write better pro-
grams. Well-written comments explain why you are doing something, rather
than what you are doing. In well-written code it should be obvious what the
code is doing, but it certainly may not be clear why you are doing something.

This book is not all theory. We will also build a program called Dskpatch (for
Disk Patch), and you will find it useful for several reasons. First, you will see
step-wise refinement and modular design at work in a real program and you
will have an opportunity to see why these techniques are so useful. Also,
Dskpatch is a general-purpose, full-screen editor for disk sectors—one that you
can continue to use both in whole and in part long after you have finished

with this book.

Organization of This Book

We have chosen an approach to teaching assembly language that we think will
get you up to speed as quickly as possible without overwhelming you with
details. With this approach you will be able to learn a lot about the 80x86
instructions before you have to learn about using an assembler. We have also
chosen to write most of the sample programs for DOS because it is a lot easier
to write small programs in DOS than to write the same program for Windows.
The concepts and techniques you learn will also apply to programs you write
in other operating environments, so if you want to program for Windows, you

might read Parts ] and II, then skip to Chapters 31 and 33.
This book is divided into four parts, each with a different emphasis. Whether

or not you know anything about microprocessors or assembly language, you
will find sections that are of interest to you.

Xvil
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Part I focuses on the 80x86 microprocessor. You will learn the mysteries of
bits, bytes, and machine language. Each of the seven chaprers contains a wealth
of real examples that use a program called Debug, which comes with DOS.
Debug will allow us to look inside the 80x86 microprocessor nestled deep in
your PC as it runs DOS. Part I assumes only that you have a rudimentary
knowledge of programming languages and know how to work with your
computer.

Part II, Chapters 8 through 16, moves on to assembly language and how to
write programs for the assembler. The approach is not complicated, and rather
than cover all the details of the assembler itself, we will concentrate on a set of
assembler commands needed to write useful programs.

We will use the assembler to rewrite some of the programs from Part I, and
then move on to begin creating Dskpatch. We will build this program slowly,
in order for you to learn how to use step-wise refinement in building large
programs. We will also cover techniques like modular design that help in writing
clear programs. As mentioned, these techniques will simplify programming
by removing some of the complexities normally associated with writing
assembly-language programs.

In Part III, which includes Chapters 17 to 28, we will concentrate on using
more advanced features found in PCs. These features include moving the cur-
sor and clearing the screen. We will also discuss techniques for debugging larger
assembly-language programs. Assembly-language programs grow quickly and
can easily be two or more pages long without doing very much (Dskpatch will
be longer). Even though we will use these debugging techniques on programs
larger than a few pages, you also will find them useful with small programs.

Part IV covers a number of advanced topics that will be of interest to you when
you start to write real programs. The first two chapters cover details about COM
programs, memory, and segments. Then there is a chapter on writing directly
to screen memory for very fast screen displays. Next, there is a chapter on writing
assembly-language procedures that you can use in your C/C++ programs. You
will learn how to write general-purpose routines entirely in assembly language
for any memory model, and you will also learn how to use in-line assembly.
There is a lot of material in this chapter that is very difficult to find elsewhere.
Next is a chapter on RAM-resident programs, complete with a program called
DISKLITE that adds a disk light to your screen. Finally, you will find a




Introduction

chapter on protected-mode and Windows programming that will show you
some interesting details about the way Windows works on an 80386 or better
MiCrOpProcessor.

What Is on the Disk?

The disk included with this book contains most of the code examples you will
find in this book in a directory called CHAPS. We have included a more ad-
vanced version of Dskpatch in a directory called ADVANCED. Appendix A

discusses both of these directories.

Appendix B contains a complete listing of the Dskpatch program we will build
in this book. Appendix C contains listings for some general-purpose libraries
for C and C++ programs that you'll find on the disk at the back of this book.

The set of libraries for C and C++ programs allows you to write quickly to the
screen and support a mouse. This code is the code that we used to write the
Norton Commander, which means we had to deal with issues that other au-
thors who have not written commercial software have never encountered. It
also means that these libraries have been thoroughly tested by hundreds of
thousands of users. All of this code is included on the disk at the back of this
book, and you’ll find complete listings of this code in Appendix C.

What You Will Need
to Use the Examples

There are a few tools you will need in order to use the examples in this book.
For all the examples in Part I, you need nothing more than the Debug pro-
gram that comes with DOS. In Part II you will need a simple text editor, such
as the Edit program in DOS 5 or later, and an assembler, such as Microsoft’s
Macro Assembler (MASM) or Borland’s Turbo Assembler (TASM). All of the
examples in this book have been tested on various versions of MASM and
TASM. In Chapters 31 and 33, however, you will need MASM 6 (or later) or
TASM to assemble the examples.

Xix
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Finally, to compile some of the C examples in Chapter 33, you will need
QuickC for Windows, Borland C++, or Microsoft C 6.0 or later. All of these
C compilers support in-line assembly and allow you to compile Windows
programs.

Dskpatch

In our work with assembly language, we will look directly at disk sectors and
displaying characters and numbers stored there by DOS in hexadecimal nota-
tion. Dskpatch is a full-screen editor for disks and it will allow us to change
these characters and numbers in a disk sector. By using Dskpatch you could,
for example, look at the sector where DOS stores the directory for a disk and
you could change file names or other information. Doing so is a good way to
learn how DOS stores information on a disk.

You will get more out of Dskpatch than just one program, though. Dskpatch
contains about 50 subroutines. Many of these are general-purpose subroutines
you will find useful when you write your own programs. Thus, not only is this
book an introduction to the 80x86 and assembly-language programming, it is
also a source of useful subroutines.







Learning Debug
and Computer
Arithmetic

ln this chapter you are going to learn how the computer handles arithmetic.
This is a fundamental concept for assembly-language programs. It has a sig-
nificant impact on all programs you will write, whether in C, assembly lan-
guage, or any other computer language.
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In this chapter you will start working with the microprocessor inside your com-
puter right away. You will use a program called Debug to start working with
computer arithmetic. It is a good starting point because Debug is at the heart
of almost all assembly-language programs. We will continue to use Debug in
all the chapters in this book, which will allow you to write and run very simple
programs.

A Brief History of Intel
Microprocessors

Before looking at assembly language, a few words are in order about micro-
processors. Currently (as of 1992) there are four main microprocessors used
in PC compatible computers: the 8088, 80286, 80386, and 80486 micropro-
cessors (and Intel is working on the next generation, which will be called the
Pentium). The 8088 microprocessor was first used in the original IBM PC and
is the slowest, least powerful microprocessor. Very few computers are built with
the 8088 microprocessor.

Next came the 80286 in the IBM AT, which was about four times faster, and
the first computer capable of running IBM’s OS/2. The 80286 is also the mini-
mum microprocessor required to run Windows 3.1. Most computers are cur-
rently built around the faster 80386 or 80486 microprocessors, which also have
additional capabilities that Windows can use.

The 80286, 80386, and 804306 are supersets of the 8088 microprocessor, which
means any programs written for the 8088 microprocessor will run on any of
the others. Almost all programs written for MS-DOS or PC-DOS, as opposed
to Windows, are written using just 8088 features so they will run on all MS-
DOS computers. In this book we will be covering mostly the 8088 instruc-
tions so the programs you will write will work on all MS-DOS computers.
However, later in the book you will find some coverage of Windows pro-
gramming in the protected mode of the 80286 and better microprocessors, which
is used by operating systems such as Windows and OS/2. Because there are so
many different microprocessors used in PCs, we will refer to the entire family
as 80x86 microprocessors.
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Counting the Computer Way

For your first foray into assembly language you will learn how computers count.
That may sound simple enough. After all, you count to 11 by starting at one
and counting up:

1,2,3,4,5,6,7,8,9,10, 11.

A computer does not count that way. Instead, it counts to five like this: 1, 10,
11,100, 101. The numbers 10, 11, 100, and so on are binary numbers, based
on a numbering system with only two digits, 1 and 0, instead of the ten asso-
ciated with our more familiar decimal numbers. Thus, the binary number 10
is equivalent to the decimal number we know as two.

We are interested in binary numbers because they are the form in which num-
bers are used by the 80x86 microprocessor inside your PC. But while comput-
ers thrive on binary numbers, those strings of ones and zeros can be long and
cumbersome to write out. The solution? Hexadecimal numbers—a far more
compact way to write binary numbers. In this chapter, you will learn both ways
to write numbers: hexadecimal and binary. As you learn how computers count,
you will also learn how they store numbers—bits, bytes, and words. If you
already know about binary and hexadecimal numbers, bits, bytes, and words,
you can skip to the chapter summary.

Counting with
Hexadecimal Numbers

Since hexadecimal numbers are easier to handle than binary numbers—at
least in terms of length—we will begin with hexadecimal (hex for short), and
use DEBUG.COM, a program included with DOS. You will use Debug here
and in later chapters to enter and run machine-language programs one instruc-
tion at a time. Like BASIC, Debug provides a nice, interactive environment.
Bur unlike BASIC, it doesn’t know decimal numbers. To Debug, the number
10 is a hexadecimal number—not ten. Since Debug only speaks in hexadeci-
mal, you will need to learn something about hex numbers. But first, let’s take
a short side trip and find out a little about Debug itself.
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Using Debug

Why does this program carry the name Debug? Bugs, in the computer world,
are mistakes in a program. A working program has no bugs, while a nonwork-
ing or “limping” program has at least one bug. You can find mistakes and correct
them by using Debug to run a program one instruction at a time and by watch-
ing how the program works. This is known as debugging, hence the name

Debug.

According to computer folklore, the term debugging stems from the early days
of computing—in particular, a day on which the Mark I computer at Harvard
failed. After a long search, technicians found the source of their troubles: a small
moth caught between the contacts of a relay. The technicians removed the moth
and wrote a note in the log book about “debugging” the Mark L.

From here on, in interactive sessions like this one, the text you type will
be in boldface against a gray background to distinguish it from your
computer’s responses, as follows:

eDEBUG]
Type the gray text (DEBUG in this example), press the Enter key, and

you should see a response similar to the ones we show in these sessions.
You won't always see exactly the same responses because your computer
probably has a different amount of memory from the computer on which
we wrote this book. (We will begin to encounter such differences in the
next chapter.) In addition, notice that we use uppercase letters in all ex-
amples. This is only to avoid any confusion between the lowercase letter
I (el) and the number 1 (one). If you prefer, you can type all examples in
lowercase letters.

Now, with those few conventions noted, start Debug by typing its name after
the DOS prompt (which is C> in the following example).

C>DEBUG




1 7] Learning Debug and Computer Arithmetic

The hyphen you see in response to your command is Debug’s prompt sym-
bol, just as C> is a DOS prompt. It means Debug is waiting for a command.
To leave Debug and return to DOS, just type Q (for Quiz) at the hyphen
prompt and press Enter. Try quitting now, if you like, and then return to
Debug.

C>DEBUG

Now we can get down to learning about hex numbers.

Doing Hex Arithmetic

We will use a Debug command called H. H is short for Hexarithmetic, and as
its name suggests, it adds and subtracts two hex numbers. Let’s see how H works
by starting with 2 + 3. We know that 2 + 3 = 5 for decimal numbers. Is this
true for hex numbers? Make sure you are still in Debug and, at the hyphen
prompt, type the following screened text:

-H 3 2
0005 0001

Debug prints both the sum (0005) and the difference (0001) of 3 and 2. The
Hexarithmetic command, shown in Figure 1-1, always calculates the sum and
difference of two numbers, as it did here. So far, the results are the same for
hex and decimal numbers: 5 is the sum of 3 + 2 in decimal, and 1 is the differ-
ence (3 — 2). Sometimes, however, you can encounter a few surprises.

For example, what if you typed H 2 3, to add and subtract two and three, instead
of three and two? If you try it you get FFFF, instead of -1, for 2 — 3. Strange
as it may look, however, FFFF is a number. In fact, it is hex for —1.

-H 23
0005 FFFF

We will come back to this rather unusual ~1 shortly. But first, let’s explore the
realm of slightly larger numbers to see how an F can appear in a number.
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Number A Number B

\ [/

-H 3D5C 2A10
676C 134C

.

A+B A-B

Figure 1-1: The Hexarithmetic command.

To see what the Hexarithmetic command does with larger numbers, try nine
plus one, which would give you the decimal number 10.

-HiON
000A 0008

Nine plus one equals A? That’s right: A is the hex number for ten. Now, what
if we try for an even larger number, such as 15?

-H9 6
000F 003

If you try other numbers between ten and fifteen, you will find 16 digits alto-
gether—O through F (0 through 9 and A through F), see Figure 1-2. The name
hexadecimal comes from hexa- (6), plus deca- (10), which, when combined,
represent 16. The digits 0 through 9 are the same in both hexadecimal and
decimal; the hexadecimal digits A through F are equal to the decimals 10
through 15.

Why does Debug speak in hexadecimal? Soon you will see that you can write
256 different numbers with two hex digits. As you may already suspect, 256
also bears some relationship to the unit known as a byte, and the byte plays a
major role in computers and in this book. You will find out more about bytes
near the end of this chapter, but for now we will continue to concentrate on
learning hex, the only number system known to Debug and hex math.
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Decimal Hex digit
0 0 zr
1 1
2 2
3 3 These digits are the
4 4 —— same for both decimal
o 5 and hex.
6 6
7 7
8 8
9 9
10 A
11
12 g | These digits are new
13 D hexadecimal digits.
14 E
15 E x

Figure 1-2: Hexadecimal digits.

Converting Hexadecimal to Decimal

Thus far, you have learned single-digit hex numbers. Now, let’s see how you
represent larger hex numbers and how you convert these numbers to decimal
numbers.

Just as with decimal numbers, you can build multiple-digit hex numbers by
adding more digits on the left. Suppose, for example, you add the number 1
to the largest single-digit decimal number, 9. The result is a two-digit num-
ber, 10 (ten). What happens when you add 1 to the largest single-digit hex
number, F? You get 10 again.

But wait—10 in hex is really 16, not 10. This could become rather confusing.
We need some way to tell these two 10s apart . From now on we will place the
letter h after any hex number. Thus, you can tell that 10h is hexadecimal for
16 and 10 is decimal ten.

Now let’s look at how to convert numbers berween hex and decimal. You know
that 10h is 16, but how do you convert a larger hex number, such as D3h,
converted to a decimal number without counting up to D3h from 10h? Or,
how is the decimal number 173 converted to hex?
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You cannot rely on Debug for help, because it cannot speak in decimal. In
Chapter 10, we will write a program to convert a hex number into decimal
notation so that our programs can talk to us in decimal. Bur right now, we
will have to do these conversions by hand. We will begin by returning to the
familiar world of decimal numbers.

What does the number 276 mean? In grade school, you learned that 276 means
you have two hundreds, seven tens, and six ones. Or, more graphically as fol-
lows:

2 * 100 = 200
7 * 10 = 70
6* 1= 6

276 = 276

Well, that certainly helps illustrate the meanings of those digits. Can we use
the same graphic method with a hex number? Of course.

Consider the number D3h mentioned earlier. D is the hexadecimal digit 13,
and there are 16 hex digits, versus 10 for decimal, so D3h is thirteen sixteens
and three ones. Or, presented graphically as follows:

D =2l 370 liG=w"208
3—= 3* 1-= 3
D3h = 211

For the decimal number 276, you multiply digits by 100, 10, and 1; for the
hex number D3, multiply digits by 16 and 1. You would multiply four deci-
mal digits by 1000, 100, 10, and 1. Which four numbers would you use with
four hex digits? For decimal, the numbers 1000, 100, 10, and 1 are all powers
of 10, as follows:

10° = 1000
10° = 100
100 = 10
10° = 1
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Now let’s discover what happens when we add hex numbers chat have more
than one digit. For this, we will use Debug and the numbers 3A7h and 1EDh,
as follows:

-H 3A7 1ED
8594 01BA

So you see that 3A7h + 1EDh = 594h. You can check the results by converting
these numbers to decimal and doing the addition (and subtraction, if you wish)
in decimal form; if you are more adventurous, do the calculations directly in
hex.

Five-Digit Hex Numbers

So far, hex math is quite straightforward. What happens when you try adding
even larger hex numbers? Try a five-digit hex number, as follows (See Figure
1-4 for more examples):

-H 5C3F@ 4BC6
~ Error

1 1 1
3A7 F451 C
+ 92A + CBO3 + D
CDh1 1BF54 19
1111 1 1
BCD8 BCDS8
+ FAE9 + 0509
1B7C1 ClE1l

Figure 1-4: More examples of hexadecimal addition.

That is an unexpected response. Why does Debug say that you have an error
here? The reason has to do with a unit of storage called the word. Debug’s
Hexarithmetic command works only with words, and words happen to be long
enough to hold four hex digits, no more.
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You will learn more about words in a few pages, but for now, remember that
you can work only with four hex digits. Thus, if you try to add two four-digit
hex numbers, such as CO00h and D000 (which should give you 19000h),
you get 9000h instead. Debug keeps only the four righemost digits of the
answer.

-H Cee0 Deooe
9000 Foo00

Converting Decimal to Hex

So far you have only seen the conversion from hex to decimal. Now let’s look
at how to convert decimal numbers to hex. As mentioned earlier, in Chapter
10 you will create a program to write the 80x86’s numbers as decimal num-
bers; in Chapter 23, you will write another program to read decimal numbers
into the 80x86. But, as with decimal-to-hex conversions, you will begin by
doing the conversions by hand. Again, start by recalling a bit of grade school
math.

When you first learned division, you would divide 9 by 2 to get 4 with a re-
mainder of 1. We will use the remainder to convert decimal numbers to hex.
See what happens when you repeatedly divide a decimal number, in this case
493, by 10?

493 / 10 = 49 remainder 3

1

49 / 10 = 4 remainder 9

]

4 [/ 10 = 0 remainder 4 —I

493

The digits of 493 appear as the remainder in reverse order—that is, starting
with the rightmost digit (3). You saw in the last section that all you needed for
a hex-to-decimal conversion was to replace powers of 10 with powers of 16.
For a decimal-to-hex conversion, can you divide by 16 instead of 10? Indeed,
that is the conversion method. For example, find the hex number for 493. You
can divide by 16, you get the following:

13
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0005 h
+ FFFFh

10004 h
Since Fh + 1h = 10h, the successive carries neatly move a 1 into the far left
position. If you ignore this 1, you have the correct answer for 5 — 1: namely, 4.
Strange as it seems, FFFFh behaves as —1 when you ignore this overflow. It is
called an overflow because the number is now five digits long, but Debug keeps
only the last (rightmost) four digits.

[s this overflow an error, or is the answer correct? Well, yes and yes. You can
choose either answer. Don’t the answers contradict each other? Not really,
because you can view these numbers in either of two ways.

Suppose you take FFFFh as equal to 65536. This is a positive number, and it
happens to be the largest number you can write with four hex digits. In this
case FFFFh is called an unsigned number. It is unsigned because you said all
four-digit numbers are positive. Adding 5 to FFFFh gives you 10004h; no other
answer is correct. In the case of unsigned numbers, then, an overflow is an error.

On the other hand, you can treat FFFFh as a negative number, as Debug did
when you used the H command to add FFFFh to 5. FFFFh behaves as
—1 as long as you ignore the overflow. In fact, the numbers 8000h through
FFFFh all behave as negative numbers. For signed numbers, as here, the over-
flow is not an error.

The 80x86 microprocessor can view numbers either as unsigned or signed; the
choice is yours. There are slightly different instructions for each, and we will
explore these differences in later chapters as we begin to use numbers on the
80x86. Right now, before you can learn to actually write the negative of, say,
3C8h, we need to unmask the bit and see how it fits into the scheme of bytes,
words, and hex.
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Bits, Bytes, Words,
and Binary Notation

It is time to dig deeper into the intricacies of your PC—time to learn about
the arithmetic of the 80x86: binary numbers. The 80x86 microprocessor, with
all its power, is rather dumb. It knows only the two digits 0 and 1, so any
number it uses must be formed from a long string of Os and 1s. This is the
binary (base 2) number system.

When Debug prints a number in hex, it uses a small program to convert its
internal numbers from binary to hexadecimal. In Chapter 5, we will build such
a program to write binary numbers in hex notation, but first we need to learn
more about binary numbers themselves.

Let’s take the binary number 1011b (the b stands for binary). This number is
equal to the decimal 11, or Bh in hex. To see why, multiply the digits of 1011b
by the number’s base, 2:

Powers of 2:
2’=8
2’ =4
2'=2
2'=1
So that:
1*8 =
()=
-2
1*1 =
1011b = 1

#

8
0
2
1
1 or Bh

Likewise, 1111b is Fh, or 15. 1111b is the largest unsigned four-digit binary
number you can write, while 0000b is the smallest. Thus, with four binary

digits you can write 16 different numbers (see Figure 1-6). There are exactly
16 hex digits, so you can write one hex digit for every four binary digits.

17
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Binary Decimal Hexadecimal
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 10 A
1011 1 B
1100 12 C
1101 13 D
1110 14 E
1M 15 F

Figure 1-6: Binary, hex, decimal for 0 through F.

A two-digit hex number, such as 4Ch, can be written as 0100 1100b. It’s com-
prised of eight digits, which we separate into groups of four for easy reading.
Each one of these binary digits is known as a bit, so a number like 0100 1100b,
or 4Ch, is eight bits long.

Very often, we find it convenient to number each of the bits in a long string,
with bit O farthest to the right. The 1 in 10b then is bit number 1, and the
leftmost bit in 1011b is bit number 3. Numbering bits in this way makes it
easier for us to talk about any particular one, as we will want to later on.

A group of eight binary digits is known as a byze, while a group of 16 binary
digits, or two bytes, is a word, see Figure 1-7. We will use these terms frequently
throughout this book, because bits, bytes, and words are all fundamental to
the 80x86.

Now you can see why hexadecimal notation is convenient. Two hex digits fit
exactly into one byte (four bits per hex digit), and four digits fit exactly into
one word. The same cannot be said for decimal numbers. If you try to use two
decimal digits for one byte, numbers larger than 99 cannot be written, so you
lose the values from 100 to 255—more than half the range of numbers a byte
can hold. If you use three decimal digits you must ignore more than half the
three-digit decimal numbers because the numbers 256 through 999 cannot
be contained in one byte.
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Sign
bit Bit Byte

. |

0100 1101 0001 1010
L - J L T J L i | l___r__"
4 D 1 A

ke Word

X

Figure 1-7: A word is made out of bits and bytes.

Two’s Complement—An Odd
Sort of Negative Number

Now you are ready to learn more about negative numbers. We said before that
the numbers 8000h through FFFFh all behave as negative numbers when you
ignore the overflow. There is an easy way to spot negative numbers when you
write them in binary. The binary forms for positive and negative numbers are
as follows:

Positive numbers:
0000h 0000 0000 0000 0000b

7FFFh @111 1111 1111 1111b

Negative numbers:
8000h 1000 0000 0000 000D

FFFFh 1111 1111 1111 1111b

In the binary forms for all the positive numbers, the leftmost bit (bit 15) is
always 0. For all negative numbers, this leftmost bit is always 1. This differ-
ence is, in fact, the way that the 80x86 microprocessor knows when a number

19
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is negative: It looks at bit 15, the sign bit. If you use instructions for unsigned
numbers in your programs, the 80x86 will ignore the sign bit, and you will be
free to use signed numbers at your convenience.

These negative numbers are known as the Two’s Complement of positive num-
bers. Why complement? Because the conversion from a positive number, such
as 3C8h, to its two’s-complement form is a two-step process, with the first being
the conversion of the number to its complement.

We won’t need to negate numbers often, but we will do the conversion here
just so you can see how the 80x86 microprocessor negates numbers. The con-
version will seem a bit strange. You won’t see why it works, but you will see
that it does work.

To find the two’s-complement form (negative) of any number, first write the
number in binary, ignoring the sign. For example, 4Ch becomes 0000 0000
0100 1100b.

To negate this number, first reverse all the zeros and ones. This process of re-
versing is called complementing, and taking the complement of 4Ch, we find
that:

0000 0000 0100 1100
becomes:
Jial JC aesbat 1l @t i

In the second step of the conversion, add 1:

1T IR I Tl IRl @@ i 1
+ 1

1111 1111 1011 0100
—4Ch = FFB4h

The answer, FFB4h, is the result you get if you use Debug’s H command to
subtract 4Ch from Oh.

If you wish, you can add FFB4h to 4Ch by hand, to verify that the answer is
10000h. And from our earlier discussion, you know that you should ignore
this lefrmost 1 to get 0 (4C + (=4C) = 0) when you do two’s-complement
addition.
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Summary

This chapter has been a fairly steep climb into the world of hexadecimal and
binary numbers, and it may have required a fair amount of mental exercise.
Soon, in Chapter 3, we will slow down to a gentler pace—once you have learned
enough to converse with Debug in hex. Now take a breath of fresh air and
look back on where you have been and what you have found.

We started out by introducing Debug. In chapters to come, you will become
intimate friends with Debug but, since it does not understand your familiar
decimal numbers, you began the friendship by learning a new numbering sys-
tem, hexadecimal notation.

In learning about hex numbers, you also learned how to convert decimal num-
bers to hex, and hex numbers to decimal. You will write a program to do these
translations later, but first you had to learn the language yourself.

Once we covered the basics of hexadecimal notation, we were able to wander
off for alook at bits, bytes, words, and binary numbers—important characters
you will encounter frequently as you continue to explore the world of the 80x86
and assembly-language programming.

Finally, we moved on to learn about negative numbers in hex—the two’s-
complement numbers. They led you to signed and unsigned numbers, where
you also witnessed overflows of two different types: one in which an overflow
leaves the correct answer (addition of two signed numbers), and one in which
the overflow leads to the wrong answer (addition of two unsigned numbers).

All this learning will pay off in later chapters, because you will use your knowl-
edge of hex numbers to speak with Debug. Debug will act as an interpreter
between you and the 80x86 microprocessor waiting inside your PC.

In the next chapter, you use the knowledge you have gained so far to learn
about the 80x86. We will rely on Debug again, and the use of hex numbers,
rather than binary, to talk to the 80x86. You will learn about the micro-
processor’s registers—the places where it stores numbers—and, in Chapter 3,
you will be ready to write a real program that will print a character on the screen.

21









Doing Arithmetic
with the 80x86

In this chapter you will learn how to build your first programs. These pro-
grams will be one-line programs that add, subtract, multiply, and divide two
numbers. These programs use instructions inside the 80x86 microprocessor.
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Knowing something of Debug’s hex arithmetic and the 80x86’s binary arith-
metic, you can begin to learn how the 80x86 does its math. It uses internal
commands called instructions.

Using Registers as Variables

Debug, your guide and interpreter, knows much about the 80x86 micropro-
cessor inside your PC. We use it to delve into the inner workings of the 80x86.
You begin by asking Debug to display what it can about small pieces of memory
called registers, in which you can store numbers. Registers are like variables in
BASIC, but they are not exactly the same. Unlike the BASIC language, the
80x86 microprocessor contains a fixed number of registers, and these registers
are not part of your PC’s memory. Ask Debug to display the 80x86’s registers
with the R, for Register, command as follows:

-R

AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000

DS=3756 ES=3756 §SS=3756 (CS=3756 1IP=0100 NV UP DI PL NZ NA PO NC
3756:0100 E485 IN AL, 85

You will probably see different numbers in the second and third lines of your
display. Those numbers reflect the amount of memory in a computer. You
will continue to see such differences, and later you will learn more about them.

For now, Debug has certainly given you a lot of information. Concentrate on
the first four registers, AX, BX, CX, and DX, all of which Debug says are equal
to 0000, both here and on your display. These registers are the general-purpose
registers. The other registers, SP, BP, SI, DI, DS, ES, SS, CS, and IP, are

special-purpose registers that we will deal with in later chaprters.

The four-digit number following each register name is in hex notation. In
Chapter 1, you learned that one word is described exactly by four hex digits.
Here, you can see that each of the 13 registers in the 80x86 is one word, or 16
bits long. This is why computers based on the 80x86 microprocessor are known
as 16-bit machines. (The 80386 and above microprocessors also have a 32-bit
mode, where the registers can be 32 bits long, but currently only Windows
NT really uses the 32-bit mode of these processors.)
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We mentioned that the registers are like BASIC variables. That means you
should be able to change them, and you can. Debug’s R command does more
than display registers. Followed by the name of the register, the command tells
Debug that you wish to view the register and then change it. For example, you
can change the AX register as follows:

-R AX

AX 0000
:3A7

Look at the registers again to sce if the AX register now contains 3A7h.

-R

AX=03A7 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=3757 ES=3756 SS=3756 (S=3756 1IP=0100 NV UP DI PL NZ NA PO NC
3756:0100 E485 IN AL, 85

It does. Furthermore, you can put any hex number into any register with the
R command by specifying the register’s name and entering the new number
after the colon. From here on, we will be using this command whenever you
need to place numbers into the 80x86’s registers.

You may recall seeing the number 3A7h in Chapter 1, where you used
Debug’s Hexarithmetic command to add 3A7h and 1EDh. Back then,
Debug did the work for you. This time, we will use Debug merely as an inter-
preter so we can work directly with the 80x86. We will give the 80x86 instructions
to add numbers from two registers: we will place a number in the BX register
and then instruct the 80x86 to add the number in BX to the number in AX
and put the answer back into AX. First, you need a number in the BX register.
This time, let’s add 3A7h and 92Ah. Use the R command to store 92Ah into BX.

Using Memory in the 80x86

The AX and BX registers should, respectively, contain 3A7h and 92Ah, as you
can verify with the R command:
AX=03A7 BX=092A CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000

DS=3756 ES=3756 SS=3756 CS=3756 1IP=0100 NV UP DI PL NZ NA PO NC
3756:0100 E485 IN AL, 85
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Now that you have these two numbers in the AX and BX registers, how do
you tell the 80x86 to add BX to AX? By putting some numbers into your
computer’s memory.

Your IBM PC probably has at least 640K of memory—far more than you will
need to use here. We will place two bytes of machine codeinto a corner of this
vast amount of memory. In this case, the machine code will be two binary
numbers that tell the 80x86 to add the BX register to AX. Then, we will ex-
ecute this instruction with the help of Debug.

Where should you place the two-byte instruction in memory? And how will
you tell the 80x86 where to find it? As it turns out, the 80x86 chops memory
into 64K pieces known as segments. Most of the time, you will be looking at
memory within one of these segments without really knowing where the seg-
ment starts. You can do this because of the way the 80x86 labels memory.

All bytes in memory are labeled with numbers, starting with Oh and working
up. Remember the four-digit limitation on hex numbers? That means the
highest number the 80x86 can use is the hex equivalent of 65535, which means
the maximum number of labels it can use is 64K. Even so, experience tells you
that the 80x86 can call on more than 64K of memory by being a little bit tricky.
It uses two numbers, one for each 64K segment and one for each byte, or off
set, within the segment. Each segment begins at a multiple of 16 bytes, so by
overlapping segments and offsets, the 80x86 effectively can label more than
64K of memory. In fact, this is precisely how the 80x86 uses up to one million
bytes of memory. (As you will see in a later chapter, a simple variation on this
scheme allows the 80286 and above microprocessor to access more than a single
megabyte of memory.)

The addresses (labels) you will use are offsets from the start of a segment. You
will write addresses as a segment number, followed by the offset within the
segment. For example, 3756:0100 will mean that you are at an offset of 100h
within segment 3756h, see Figure 2-1.

In Chapter 11 you will learn more about segments and why the segment
number is so high. For now, you can trust Debug to look after the segments
for you so that you can work within one segment without having to pay atten-
tion to segment numbers. For the time being, we will refer to addresses only



2 7} Doing Arithmetic with the 80x86

by their offsets. Each of these addresses refers to one byte in the segment, and
the addresses are sequential, so 101h is the byte following 100h in memory.

Start of —>

segment
3756 >
[
[

3750:0100 —> | | O1h

ADD AX, BX
3750:0101 —» [ | D8h

Figure 2-1: Instruction begins 100h bytes from the start of the segment.

Written out, the two-byte instruction to add BX to AX looks like this: ADD
AX,BX. We will place this instruction at locations 100h and 101h, in what-
ever segment Debug starts to use. In referring to your ADD instruction, we
will say that it is a¢ location 100h, since this is the location of the first byte of
the instruction.

Debug’s command for examining and changing memory is called E, for
Enter. Use the following command to enter the two bytes of the ADD in-
struction.

-E 100

3756:0100 E4.01

-E 101
3756:0101 85.D8

The numbers 01h and D8h are the 80x86’s machine language for the ADD
instruction at memory locations 3756:0100 and 3756:0101. The segment
number you see will probably be different, but that difference won’t affect your
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program. Likewise, Debug probably displayed a different two-digit number
for each of your E commands. These numbers (E4h and 85h in our example)
are the old numbers in memory at offset addresses 100h and 101h of the seg-
ment Debug chose—that is, the numbers are data from previous programs left
in memory when you started Debug. (If you just started your computer, the
numbers will probably be 00.)

Addition, 80x86 Style

Now your register display should look something like this:

AX=03A7 BX=092A CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=3756 ES=3756 SS=3756 (S=3756 IP=0100 NV UP DI PL NZ NA PO NC
3756:0100 0108 ADD AX, BX

The ADD instruction is neatly placed in memory, just where you want it to
be. You know this from reading the third line of the display. The first two
numbers, 3756:0100, give you the address (100h) for the first number of the
ADD instruction. Next to this, you see the two bytes for ADD: 01D8. The
byte equal to O1h is at address 100h, while D8h is at 101h. Finally, since you
entered your instruction in machine language—numbers that have no mean-
ing to us, but the 80x86 will interpret as an add instruction—the message ADD
AX,BX confirms that you entered the instruction correctly.

Even though you placed the ADD instruction in memory, you are not quite
ready to run it through the 80x86 (execuzeir). First, you need to tell the 80x86
where to find the instruction.

The 80x86 finds segment and offset addresses for instructions in two special

registers, CS and IP, which you can see listed in the preceding register display. ‘

The segment number is stored in the CS, or Code Segment, register, which we \

will discuss shortly. If you look at the register display, you can see that Debug 1

has already set the CS register for you (CS=3756, in our example). The full |;
|

starting address of your instruction, however, is 3756:0100.

The second part of this address (the offset within segment 3756) is stored in
the IP (Instruction Pointer) register. The 80x86 uses the offset in the IP regis-
ter to actually find our first instruction. You can tell it where to look by setting
the IP register to the address of your first instruction—IP=0100.
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The IP register is already set to 100h because Debug sets IP to 100h whenever
you first start it. Knowing this, we have deliberately chosen 100h as the ad-
dress of the first instruction and have thus eliminated the need to set the IP
register in a separate step. It is a good point to keep in mind.

Now, with the instruction in place and the registers set correctly, we will tell
Debug to execute our one instruction. We will use Debug’s T (Trace) com-
mand, which executes one instruction at a time and then displays the regis-
ters. After each trace, the IP should point to the next instruction. In this case,
it will point to 102h. Since we have not put an instruction at 102h, the last
line of the register display will show an instruction left over from some other
program. Ask Debug to trace one instruction with the T command as follows:
-T

AX=0CD1 BX=092A CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000

DS=3756 ES=3756 $SS=3756 CS=3756 1IP=0102 NV UP DI PL NZ AC PE NC
3756:0102 AC Lobse

The AX register now contains CD1h, which is the sum of 3A7h and 92Ah.
The IP register points to address 102h, so the last line of the register display
shows some instruction at memory location 102h, rather than 100h. Figures
2-2 and 2-3 summarize the before and after of running the add instruction.

We mentioned earlier that the instruction pointer, together with the CS reg-
ister, always points to the next instruction for the 80x86. If you typed T again,
you would execute the next instruction, but don’t do it just yet—your 80x86
might head for limbo.

Instead, what if you want to execute the ADD instruction again, adding 92Ah
to CD1h and storing the new answer in AX? For that you need to tell the
80x86 where to find its next instruction, which you want to be the ADD in-
struction at 0100h. Can you just change the IP register to 0100h? Try it by
using the R command to set IP to 100, and look at the register display as fol-
lows:

AX=0CD1 BX=092A CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000

DS=3756 ES=3756 SS=3756 (S=3756 1IP=0100 NV UP DI PL NZ AC PE NC
3756:0100 ADD AX, BX

That’s done it. Try the T command again and see if the AX register contains
15FBh. It does.
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You should always
check the IP register
and the instruction
at the bottom of an
R display before
using the T
command. That
way, you will be sure
the 80x86 executes
the instruction you
want it to.
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AX BX
03A7 092A

BE0) ADD  AX, BX
" LODSB

Figure 2-2: Before executing the ADD instruction.

AX BX
0CD1 092A

ADD AX, BX
LODSB

Figure 2-3: After executing the ADD instruction.

Now, set the IP register to 100h once again and make certain that the registers
contain AX = 15FB, BX = 092A. Now you will try subtraction.

Subtraction, 80x86 Style

We are going to write an instruction that will subtract BX from AX. After two
subtractions, you will have 3A7h in AX—the point from which you started
before your two additions. You will also see an easier way to enter two bytes
into memory.
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When you entered the two bytes for your ADD instruction, you typed the E
command twice: once with 0100h for the first address, and once with 0101h
for the second address. The procedure worked, but as it turns out you can ac-
wally enter the second byte without another E command if you separate it
from the first byte with a space. When you have finished entering bytes, press-
ing the Enter key will exit from the Enter command. Try this method for your
subtract instruction:

-E 100
3756:0100 01.29 D8.D8

The register display (remember to reset the IP register to 100h) should now
show the instruction SUB AX,BX, which subtracts the BX register from the
AX register and leaves the result in AX. The order of AX and BX may seem
backwards, but the instruction is like the BASIC statement AX = AX — BX
except that the 80x86, unlike BASIC, always puts the answer into the first
variable (register).

Execute this instruction with the T command. AX should contain CD1.
Change IP to point back to this instruction, and execute it again (remember
to check the instruction at the bottom of the R display first). AX should now
be 03A7.

Negative Numbers in the 80x86

In the last chapter, you learned how the 80x86 uses the two’s-complement form
for negative numbers. Now, you will work directly with the SUB instruction
to calculate negative numbers. Put the 80x86 to a test, to see whether you get
FFFFh for —1. If you subtract one from zero and, if correct, the subtraction
should place FFFFh (~1) into AX. Set AX equal to zero and BX to one, then
trace through the instruction at address 0100h. Just what you expected: AX =
FRFRh

While you have this subtraction instruction handy, you may wish to try some
different numbers to gain a better feel for two’s-complement arithmetic. For
example, see what result you get for 2.
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Bytes in the 80x86

All of your arithmetic so far has been performed on words, hence the four hex
digits. Does the 80x86 microprocessor know how to perform math with bytes?
Yes, it does.

Since one word is formed from two bytes, each general-purpose register can
be divided into two bytes, known as the high byre (the first two hex digits) and
the low byre (the second two hex digits). Each of these registers can be called
by its letter (A through D), followed by X for a word, H for the high byte, or
L for the low byte. For example, DL and DH are byte registers, and DX is a

word register, see Figure 2-4.

AH AL
I |

0100 1101 0001 1010

4 D 1 A

= AX >
Figure 2-4: The AX register split into two byte registers (AH and AL).

To test byte-sized math with an ADD instruction, you enter the two bytes 00h
and C4h, starting at location 0100h. At the bottom of the register display, you
will see the instruction ADD AH,AL, which will add the two bytes of the AX
register and place the result in the high byte, AH.

Next, load the AX register with 0102h. This places 01h in the AH register and
02h in the AL register. Set the IP register to 100h, execute the T command,
and you will find that AX now contains 0302. The result of 01h + 02h is 03h,
and that value is in the AH register.

Suppose you had not meant to add 01h and 02h. Suppose you really meant to
add 01h and 03h. If the AX register already contained 0102, could you use
Debug to change the AL register to 03h? No. You have to change the entire
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AX register to 0103h because Debug only allows us to change word registers.
There isn’t a way to change just the low or high part of a register with Debug.
But, as you saw in the last chapter, this isn’t a problem. With hex numbers, a
word can be split into two bytes by breaking the four-digit hex number in half.
Thus, the word 0103h becomes the two bytes 01h and 03h.

To try this ADD instruction, load the AX register with 0103h. Your ADD
AH,AL instruction is still at memory location 0100h, so reset the IP register
to 100h and, with 01h and 03h now in the AH and AL registers, trace through
this instruction. This time, AX contains 0403h: 04h, the sum of 01h + 03h is
now in the AH register.

Multiplication and Division,
80x86 Style

You have seen the 80x86 add and subtract two numbers. Now you will see
that it can also multiply and divide— clever processor. The multiply instruc-

tion is called MUL, and the machine code to multiply AX and BXis F7h E3h.
We will enter this into memory, but first a word about the MUL instruction.

Where does the MUL instruction store its answer? In the AX register? Not
quite; we have to be careful here. As you will soon see, multiplying two 16-bit
numbers can give a 32-bit answer, so the MUL instruction stores its result in
two registers, DX and AX. The higher 16 bits are placed in the DX register;
the lower, into AX. We will write this register combination as DX:AX, from
time to time.

Back to Debug and the 80x86. Enter the multiply instruction, F7h E3h, at
location 0100h, just as you did for the addition and subtraction instructions,
and set AX = 7C4Bh and BX = 100h. You will see the instruction in the reg-
ister display as MUL BX, without any reference to the AX register. To multi-
ply words, as here, the 80x86 always multiplies the register you name in the
instruction by the AX register, and stores the answer in the DX:AX pair of
registers.
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Before you actually execute this MUL instruction, do the multiplication by
hand. The three digits 100 have the same effect in hex as in decimal, so to
multiply by 100h simply add two zeros to the right of a hex number. Thus,
100h * 7C4Bh = 7C4B00h. This result is too long to fit into one word, so we
will split it into the two words 007Ch and 4B00Oh.

Use Debug to trace through the instruction. You will see that DX contains
the word 007Ch, and AX contains the word 4B00h. In other words, the 80x86
returned the result of the word-multiply instruction in the DX:AX pair of reg-
isters (see Figures 2-5 and 2-6). Since multiplying two words together can never
be longer than two words, but will often be longer than one word (as you just
saw), the word-multiply instruction always returns the result in the DX:AX
pair of registers.

DX AX BX
0000 | |7C4B 0100

MUL BX
LODSB

Figure 2-5: Before executing the MUL instruction.

DX AX BX
007C |4B00 0100

MUL BX
LODSB

Figure 2-6: After executing the MUL instruction.
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What about division? When you divide numbers are divided, the 80x86 keeps
both the result and the remainder of the division. To see how the 80x86’s di-
vision works, first place the instruction F7h F3h at 0100h (and 101h). Like
the MUL instruction, DIV uses DX:AX without being told, so all you see is
DIV BX. Now, load the registers so that DX = 007Ch and AX = 4B12h; BX
should still contain 0100h.

Again, let’s first calculate results by hand: 7C4B12h / 100h = 7C4Bh, with
12h left over. When you execute the division instruction at 0100h, you find
that AX = 7C4Bh, the result of your division; and DX = 0012h, which is the
remainder (see Figures 2-7 and 2-8). (We will put this remainder to use in Chap-
ter 10, when we write a program to convert decimal numbers to hex by using
the remainders, just as in Chapter 1.)

DX  AX BX
1007C | | 4B12 0100

DIV BX
LODSB

Figure 2-7: Before executing the DIV instruction.

DX AX BX
0012 | | 7C4B 0100

DIV BX
LODSB

Figure 2-8: After executing the DIV instruction.
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Summary

[t is almost time to write a real program—one to print a character on the screen.
You have put in your time learning the basics. First take a look at the ground
that you have covered, and then we will move on.

You began this chapter by learning about registers and noticing their similar-
ity to variables in BASIC. Unlike BASIC, however, the 80x86 has a small, fixed
number of registers. We concentrated on the four general-purpose registers (AX,

BX, CX, and DX), with a quick look at the CS and IP registers, which the
80x86 uses to locate segment and offset addresses.

After learning how to change and read registers, we moved on to build some
single-instruction programs by entering the machine codes to add, subtract, |
multiply, and divide two numbers with the AX and BX registers. In future ‘
chapters we will use much of what you learned here, but you won’t need to ‘
remember the machine codes for each instruction.

You also learned how to tell Debug to execute or trace through a single in-
struction. You will come to rely heavily on Debug to trace through your pro-

useful and more tedious. Later on you will build on your experience and learn
how to execute more than one instruction with a single Debug command.

\
|
grams. Of course, as programs grow in size, this tracing will become both more
Let’s turn back to real programs and learn how to make a program that speaks.

g
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Printing
Characters

In this chapter you will build several real programs. You will start with a one-
line program that displays a single character on your screen. Then you will turn
this into a two-line program that displays a character and stops running, all by
itself. Finally, you will build a program that displays a whole string of charac-

[E€rs on your screen.
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You now know enough to do something solid, so roll up your sleeves and
flex your fingers. We will begin by instructing DOS to send a character to the
screen. Then move on to even more interesting work—building a small pro-
gram with more than one instruction, and from there, learning another way
to put data into registers from within a program. Now, onto getting DOS to
speak.

INT—Using DOS Functions

We will add a new instruction, called INT (for Interrupt) to your four math
instructions ADD, SUB, MUL, and DIV. INT is something like a subroutine
call in any other programming language. We will use the INT instruction to
ask DOS to print a character, A, on the screen for us.

Before you learn how INT works, let’s run through an example. Start Debug
and place 200h into AX and 41h into DX. The INT instruction for DOS
functions is INT 21h—in machine code, CDh 21h. This is a two-byte instruc-
tion like the DIV instruction in the last chapter. Put INT 21h in memory,
starting at location 100h, and use the R command to confirm that the instruc-
tion reads INT 21 (remember to set IP to 100h if it isn’t already there).

Now you are ready to execute this instruction, but you cannot use the trace
command here as you did in the last chapter. The trace command executes
one instruction at a time, but the INT instruction calls upon a large program

in DOS to do the actual work.

You don’t want to execute each of the instructions in the entire DOS “sub-
routine” by tracing through it one instruction at a time. Instead, you want to
run your one-line program, but stop before executing the instruction at loca-
tion 102h. You can do this with Debug’s G (Go #/[) command, followed by

the address at which you want to stop. The command is as follows:

-G 102

A

AX=0241 BX=0000 CX=0000 DX=0041 SP=FFEE BP=0000 SI=0000 DI=0000
DS=3970 ES=3970 SS=3970 CS=3970 1IP=0102 NV UP DI PL NZ NA PO NC
3970:0102 8BES MoV SP,BP
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DOS printed the character A, and then returned control to your small pro-
gram. (Remember, the instruction at 102h is just dara left behind by another
program, so you will probably see something different.) Your small program
is, in a sense, two instructions long, the second instruction being whatever is
at location 102h. It looks something like the following:

INT 21
MOV SP,BP (Or whatever is on your computer)

This random second instruction will soon be replaced with one of your own.
For now, since it isn’t anything you want to execute, you told Debug to run
your program, stop execution when it reached the second instruction, and
display the registers when it was done.

How did DOS know that it should print the A? The 02h in the AH register
told DOS o print a character. Another number in AH would tell DOS to
execute a different function. (You will see others later, but if you are curious
right now, you can find a list of functions in Appendix D that will be used in

this book.)
As for the character, DOS uses the number in the DL register as the ASCII

code for the character to print when you ask it to send a character to the screen.

You stored 41h, the ASCII code for an uppercase A.

In Appendix D, you will find a chart of ASCII character codes for all the char-
acters your PC can display. The numbers are in both decimal and hex nota-
tion. Since Debug can only read hex, here is a good chance for you to practice
converting decimal numbers to hex. Pick a character from the table and con-
vert it to hex on your own. Then, verify your conversion by typing your hex
value into the DL register and running the INT instruction again (remember
to reset IP to 100h).

You may have wondered what would have happened if you had tried the trace
command on the INT instruction. Suppose that you had not executed the
G 102 command and, instead, traced a short distance through it to see what
happens. If you try this yourself, don’t go too far—you may find your PC doing
something strange. After you have traced through a few steps, exit Debug with
the Q command. This will clean up any mess you have left behind.
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-R

AX=0200 BX=0000 CX=0000 DX=0041 SP=FFEE 8P=0000 SI=0000 DI=0000
DS=3970 ES=3970 SS=3970 (S=3970 IP=0100 NV UP DI PL NZ NA PO NC
3970:0100 CD21 INT 21

i

AX=0200 BX=0000 CX=0000 DX=0041 SP=FFE8 BP=0000 SI=0000 DI=0000
DS=3970 ES=3970 SS=3970 CS=3372 IP=0180 NV UP DI PL NZ NA PO NC
3372:0180 80FC4B CcMP AH, 4B

-T

AX=0200 BX=0000 CX=0000 DX=0041 SP=FFE8 BP=0000 SI=0000 DI=0000
DS=3970 ES=3970 SS=3970 (CS=3372 1IP=0183 NV UP DI NG NZ AC PE CY
3372:0183 7405 Jz 018A

-T

AX=0200 BX=0000 CX=0000 DX=0041 SP=FFE8 BP=0000 SI=0000 DI=0000
DS=3970 ES=3970 SS=3970 (CS=3372 1IP=0185 NV UP DI NG NZ AC PE CY

3372:0185 2E CS:
3372:0186 FF2EABOB JMP FAR [0BAB] CS :0BAB=0BFF
-Q

Notice that the first number of the address changed here, from 3970 to 3372.
These last three instructions were part of DOS, and the program for DOS is
in another segment. In fact, there are many more instructions that DOS ex-
ecutes before it prints a single character. Even an apparently simple task is not
as easy as it sounds. Now you can understand why you used the G command
to run the program to location 102h. If you had not used the G command,
there would have been a torrent of instructions from DOS. (If you are using a

different version of DOS, the instructions you see when you try this may be
differenc.)

Exiting Programs—INT 20h

Do you remember that your INT instruction was 21h? If you changed the 21h
to a 20h, you would have INT 20h instead. INT 20h is another interrupt
instruction, and it tells DOS we want to exit our program so DOS can take
full control again. In our case, INT 20h will send control back to Debug, since
we are executing our programs from Debug, racher than from DOS.
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Enter the instruction CDh 20h, starting at location 100h, then try the follow-
ing (remember to check the INT 20h instruction with the R command):

-G 102

Program terminated normally
-R

AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=3970 ES=3970 SS=3970 (S=3970 IP=0100 NV UP DI PL NZ NA PO NC
3970:0100 CD20 INT 20

-G

Program terminated normally
-R

AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=3970 ES=3970 $SS=3970 CS=3970 IP=0100 NV UP DI PL NZ NA PO NC
3970:0100 CD20 INT 20

The command G, with no number after it, executes the entire program (which
is just one instruction now, because INT 20 is an ex:t instruction), and then
returns to the start. [P has been reset to 100h, which is where we started. The
registers in this example are 0 only because we started Debug afresh.

You can use this INT 20h instruction at the end of a program to return con-
trol gracefully to DOS (or Debug). Next, you put this instruction together
with INT 21h and build a two-line program.

Putting the Pieces Together—
A Two-Line Program

Starting at location 100h, enter the two instructions INT 21h, INT 20h (CDh
21h CDh 20h) one after the other. (From now on, we will always start pro-
grams at location 100h.)

When you had only one instruction, you could “list” that instruction with the
R command, but now you have two instructions. To see them, use the
U (Unassemble) command, which lists part of a program in memory:
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-U 100

3970:0100 CD21 INT 21

3970:0102 CD20 INT 20

3970:0104 D98D460250B8 ESC 09, [DI+0246] [DI+B850)
3970:010A 8D0O LEA AX, [BX+S1]
3970:010C 50 PUSH  AX

3970:010D E82A23 CALL  243A

3970:0110 8BE5 MOV SP,BP

3970:0112 83C41A ADD SP,+1A

3970:0115 5D POP BP

3970:0116 C3 RET

3970:0117 55 PUSH  BP

3970:0118 83EC02 SUB SP,+02

3970:011B 8BEC MOV BP,SP

3970:011D 823EQE0000 CMP BYTE PTR [QOOE],00

The first two instructions are recognized as the two instructions which were
justentered. The other instructions are remnants left in memory. As your pro-
gram grows, you will fill this display with more of your own code.

Now, fill the AH register with 02h and the DL register with the number for
any character (just as you did earlier when you changed the AX and DX regis-
ters), then simply type the G command to see your character. For example, if
you place 41h into DL, you see the following:

-G

A
Program terminated normally

Try this a few times with other characters in DL before we move on to other
ways to set these registers.

Entering Programs

From here on, most of our programs will be more than one instruction long.
To present these programs, we will use an unassemble display. The last pro-
gram would appear as follows:

3970:0100 CD21 INT 21
3970:0102 CD20 INT 20
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So far, you have entered the instructions for your programs directly as num-
bers, such as CDh, 21h. But that is a lot of work, and, as it turns out, there is
a much easier way to enter instructions.

In addition to the unassemble command, Debug includes an A (Assemble)
command, which allows you to enter the mnemonic, or human-readable, in-
structions directly. So rather than entering those cryptic numbers for your short
program, you can use the assemble command to enter the following:

-A 100

3970:0100 INT 21

3970:0102 INT 20
3970:0104

When you have finished assembling instructions, all you have to do is press
the Enter key, and the Debug prompt reappears. Here, the A command told
Debug that you wished to enter instructions in mnemonic form, and the 100
told Debug to start entering instructions at location 100h. Since Debug’s as-
semble command makes entering programs much simpler, we will use it from
Now on to enter instructions.

MOVing Data into Registers

Although we have relied on Debug quite a bit, we won’t always run programs
with it. Normally, a program would set the AH and DL registers itself before
an INT 21h instruction. To do this, you will learn another instruction, called
MOV. Once you know enough about this instruction, you can take your small
program to print a character and make a real program—one that can be ex-
ecuted directly from DOS.

Soon, the MOV instruction will be used to load numbers into registers AH
and DL. But let’s start learning about MOV by moving numbers between reg-
isters. Place 1234h into AX (12h into the AH register, and 34h in AL) and
ABCDh into DX (ABh in DH, and CDh in DL). Now, enter the following

instruction with the A command:

396F:0100 88D4 MoV AH, DL
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This instruction oves the number in DL into AH by putting a copy of it into
AH; DL is not affected. If you trace through this one line, you will find that
AX = CD34h and DX = ABCDh. Only AH has changed. It now holds a copy
of the number in DL.

Like the BASIC assignment statement AH = DL, a MOV instruction copies
a number from the second register to the first, and for this reason we write AH
before DL. Although there are some restrictions, which you will find out about
later, you can use other forms of the MOV instruction to copy numbers be-
tween other pairs of registers. For example, reset IP and try the following:

396F:0100 89C3 MOV BX,AX

You have just moved words, rather than bytes, between registers. The MOV
instruction always works between words and words, or bytes and bytes; never
between words and bytes. It makes sense, for how would you move a word
into a byte?

We originally set out to move a number into the AH and DL registers. Let’s
do so now with another form of the MOV instruction, which is as follows:

396F:0100 B402 MOV AH,02

This instruction moves 02h into the AH register without affecting the AL reg-
ister. The second byte of the instruction, 02h, is the number we wish to move.
Try moving a different number into AH. Change the second byte to another
number, such as Clh, with the E 101 command.

Now, put all the pieces of this chapter together and build a longer program.
This one will print an asterisk, *, all by itself, with no need to set the AH and
DL registers. The program uses MOV instructions to set the AH and DL reg-
isters before the INT 21h call to DOS. The instructions are as follows:

396F:0100 B402 MOV AH, 02
396F:0102 B22A MoV DL,2A
396F:0104 CD21 INT 21
396F:0106 CD20 INT 20

Enter the program and check it with the U command (U 100). Make sure IP
points to location 100h, then try the G command to run the entire program.
You should see the * character appear on your screen, as follows:
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-G

*

Program terminated normally

Now that you have a complete, self-contained program, you can write it to
disk as a COM program, so you will be able to execute it directly from DOS.
We can run a .COM program from DOS simply by typing its name. Since
your program doesn’t yet have a name, you need to give it one. The Debug
command N (Name) gives a name to a file before you write it to disk. Type
the following command to give the name WRITESTR.COM to our program.

-N WRITESTR.COM

This command does not write a file to the disk, though—it simply names the
file that will be written with another command that you will use below.

Next, you must give Debug a byte count, telling it the number of bytes in the
program so it will know how much memory you want to write to your file. If
you refer to the unassemble listing of your program, you can see that each in-
struction is two bytes long (this won’t always be true). There are four instruc-
tions, so your program is 4 * 2 = 8 bytes long. (You could also put Debug’s H
command to work and use hexarithmetic to determine the number of bytes in
your program. Typing H 108 100 to subtract the first address after your pro-
gram, 108, from 100 will produce 8.)

Once you have your byte count, you need somewhere to put it. Debug uses
the pair of registers BX:CX for the length of your file, so putting 8h into CX
tells Debug that your program is eight bytes long. Finally, since your file is
only eight bytes long, you also need to set BX to zero. Once the name and
length of the program is set, write it to disk with Debug’s W (for Wrize) com-
mand, as follows:

-W
Writing 00008 bytes

You now have a program on your disk called WRITESTR.COM, so exit De-
bug with a Q, and look for it. Use the DOS Dir command to list the file:

C>DIR WRITESTR.COM

Volume in drive C has no label
Directory of C:\
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WRITESTR COM 8 08-28-92 10:05a
1 File(s) 8 bytes
663552 bytes free

C>

The directory listing tells you that WRITESTR.COM is on the disk and that
it is eight bytes long. To run the program, type Writestr at the DOS prompt.
You will see a * appear on the display.

Writing a String of Characters

As a final example for this chapter, you use INT 21h, with a different function
number in the AH register, to write a whole string of characters. You will
have to store the string of characters in memory and tell DOS where to find
the string. In the process, you will also learn more about addresses and memory.

You have already seen that function number 02h for INT 21h prints one
character on the screen. Another function, number 09h, prints an entire string,
and stops printing characters when it finds a $ symbol in the string. To puta
string into memory, start at location 200h, so the string won’t become tangled
with the code for your program. Enter the following numbers by using the
instruction E 200:

48 65 6C 6C
6F 2C 20 44
4F 53 20 68
65 72 €5 2E
24

The last number, 24h, is the ASCII code for a $ sign, and it tells DOS that
this is the end of your string of characters. You will see what this string says in
a minute, when you run the program, which you should enter as follows:

396F:0100 B409 MOV AH, 09
396F:0102 BAQQO2 MoV DX, 0200
396F:0105 CD21 INT 21
396F:0107 CD20 INT 20
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200h is the address of the string you entered, and loading 200h into the DX
register tells DOS where to find the string of characters. Check your program
with the U command, then run it wich a G command:

-6

Hello, DOS here.
Program terminated normally

Now that you have stored some characters in memory, it is time to meet an-
other Debug command, D (for Dump). The dump command dumps memory
to the screen somewhat like U lists instructions. Just as when you use the U
command, simply place an address after D to tell Debug where to start the
dump. For example, type the command D 200 to see a dump of the string you
just entered.

-D 200
396F:0200 48 65 6C 6C 6F 2C 20 44-4F 53 20 68 65 72 65 2E  Hello, DOS here.
396F:0210 24 5D C3 55 83 EC 30 8B-EC C7 06 10 00 00 00 E8 $]CU.10.1G..... h

After each pair of address numbers (such as 396F:0200 in the example), you
see 16 hex bytes, followed by the 16 ASCII characters for these bytes. On the
first line you see most of the ASCII codes and characters you typed in. The
ending $ sign you typed is the first character on the second line; the remainder
of that line is a miscellaneous assortment of characters.

Wherever you see a period (.) in the ASCII window, it represents either a
period or a special character, such as the Greek letter pi. Debug’s D command
displays only 96 of the 256 characters in the PC character set, so a period is
used for the remaining 160 characters.

You can use the D command in the future to check numbers entered for data,
whether those data are characters or ordinary numbers. (For more informa-
tion, refer to the Debug section in your DOS manual.)

Your string-writing program is complete, so you can write it to the disk. The
procedure is the same one you used to write WRITESTR.COM o disk,
except this time you have to set your program length to a value long enough
to include the string at 200h. The program begins at line 100h, and you can
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see from the memory dump just performed that the first character (]) follow-
ing the $ sign that ends our string is at location 211h. You can use the H com-
mand to find the difference between these two numbers. Find 211h — 100h
and store this value into the CX register and set BX to zero. Use the N
command to give the program a name (with the .COM extension so you can
run the program directly from DOS), then use the W command to write
the program and data to a disk file.

That’s it for writing characters to the screen, aside from one final note—DOS
never sends the $ character. This occurs because DOS uses the $ sign to mark
the end of a string of characters. That means you cannot use DOS to print a
string with a $ in it, but in a later chapter, you will learn how to print a string
with a § sign or any other special character.

Summary

The first two chapters brought you to the point where you could work on a
real program. In this chapter, you used your knowledge of hex numbers, De-
bug, 80x86 instructions, and memory to build short programs to print a char-
acter and a string of characters on the screen. In the process you also learned
some new things.

First you learned about INT instructions—not in much detail, but enough to
write two short programs. In later chapters, you will gain more knowledge about
interrupt instructions as you increase your understanding of the 80x86 micro-
processor tucked under the cover of your PC.

Debug has, once again, been a useful and faithful guide. We have been relying
heavily on Debug to display the contents of registers and memory, and in this
chapter we used its abilities even more. Debug ran your short programs with
the G command.

You also learned about the INT 20 exit instruction as well as the MOV in-
struction for moving numbers into and between registers. The exit instruc-
tion (INT 20) allowed you to build a complete program that could be written
to the disk and run directly from DOS without the help of Debug. The MOV
instruction gave you the ability to set registers before an INT 21 (print) in-
struction, so you could write a self-contained program to print one character.







Printing Binary
Numbers

ln this chaprer you will learn several new things that you will use to build a
small program that displays a number on your screen in binary notation. The
tools you will use are the RCL (rotate carry left) instruction, the carry flag, the
ADC (add with carry), and the LOOP instruction.
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ln this chapter you will build a program to write binary numbers to the screen
as strings of zeros and ones. You have most of the knowledge you need, and
your work here will help solidify ideas you have already covered. This chapter
also adds a few instructions to those you already know, including another ver-
sion of ADD and some instructions to help repeat parts of your program. Let’s
begin by learning something completely new.

Rotating Numbers through
the Carry Flag

In Chapter 2, when you first encountered hex arithmetic, you found that add-
ing 1 to FFFFh should give you 10000h, but does not. Only the four hex dig-
its to the right fit into one word; the 1 does not fit. You also found that this 1
is an overflow and that it is not lost. Where does it go? It is put into something
called a flag—in this case, the Carry Flag, or CF. Flags contain one-bit num-
bers, so they can hold either a zero or a one. If you need to carry a one into the
fifth hex digit, it goes into the carry flag.

Go back to the ADD instruction of Chapter 3 (ADD AX,BX). Put FFFFh
into AX and 1 into BX, then trace through the ADD instruction. At the end
of the second line of Debug’s R display, you will see eight pairs of letters. The
last of these, which can read either NC or CY, is the carry flag. Right now,
because your ADD instruction resulted in an overflow of 1, you will see that
the carry status reads CY (Carry). The carry bit is now 1 (or, as we will say, it’s
set).

To confirm that you have stored a seventeenth bit here (it would be the ninth
bit for a byte addition), add one to the zero in AX by resetting IP to 100h and
tracing through the ADD instruction again. The carry flag is affected by each
ADD instruction, and this time there shouldn’t be any overflow, so the carry
should be reset. The carry does become zero, as indicated by the NC, which
stands for No Carry, in the R display.

You learn about other status flags later in this book. If you are curious, you
can find information about them right now under Debug’s R command in

your DOS manual.
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Let’s review the task of printing a binary number to see how the carry infor-
mation could be useful. You will print only one character at a time, so you
want to pick off the bits of your number, one by one, from left to right. For
example, the first character you would want to print in the number 1000 0000b
would be the one. If you could move this entire byte left one place, dropping
the one into the carry flag and adding a 0 to the right side, then repeat the
process for each succeeding digit, the carry flag would pick off your binary digits.
You can do just this with a new instruction called RCL (Rotate Carry Left). To
see how it functions, enter the short program as follows:

3985:0100 DoD3 RCL BL,1

This instruction rozates the byte in BL to the left by one bit (hence the ,1)
through the carry flag. The instruction is called rorate, because RCL moves
the leftmost bit into the carry flag, while moving the bit currently in the carry
flag into the rightmost bit position (0) as in Figure 4-1. In the process, all the
other bits are moved or rotated to the left. After enough rotations (17 for a
word, 9 for a byte) the bits are moved back into their original positions and
you get back the original number. Place B7h in the BX register, then trace
through this rotate instruction several times. Converting your results to binary,
you will see the following:

Carry BL register
") 1011 0111 B7h We start here
1 110 1110 6Eh
0 1101 1101 DDh
1 1011 1010 BAh
") 1011 0111 B7h After 9 rotations

In the first rotation, bit 7 of BL moves into the carry flag; the bit in the carry
flag moves into bit 0 of BL; all other bits move left one position. Succeeding
moves continue rotating the bits to the left until, after nine rotations, the origi-
nal number is back in the BL register.

You are getting closer to building a program to write binary numbers to the
screen, but you still need a few other pieces. Let’s see how you can convert the
bit in the carry flag into the character 0 or 1.
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CF BL
1/<— 0110 1110

Figure 4-1: The RCL BL,1 instruction.

Adding the Carry Flag
to a Number

The normal ADD instruction, for example, ADD AX,BX, simply adds two
numbers. Another instruction, ADC (Add with Carry), adds three numbers:
the two, as before, plus one bit from the carry flag. If you look in your ASCII
table, you will discover that 30h is the character 0 and 31h is the character 1.
So, adding the carry flag to 30h gives the character 0 when the carry is clear,
and 1 when the carry is set. Thus, if DL = 0 and the carry flag is set (1), execut-
ing the following instruction adds DL(0) and 1h (the carry) to 30h (‘0°), which
gives 31h (‘1’).

ADC DL,30

With one instruction you have converted the carry to a character that you can
print.

At this point, rather than run through an example of ADC, wait until you have
a complete program. After you have built the program you will execute its in-
structions one at a time in a procedure called single-stepping. Through this pro-
cedure you will see both how the ADC instruction works and how it fits nicely
into your program. First, you need one more instruction which you will use to
repeat your RCL, ADC, and INT 21h (print) instructions eight times—once
for each bit in a byrte.

| ; | - SR— T
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Looping—Repeating a
Block of Code

As mentioned, the RCL instruction is not limited to rotating bytes; it can also
rotate entire words. We will use this ability to demonstrate the LOOPinstruc-
tion. LOOP is similar to the FOR-NEXT command in Basic, but not as gen-
eral. As with BASIC’s FOR-NEXT loop, you need to tell LOOP how many
times to run through a loop. You do this by placing your repeat count in reg-
ister CX. Each time it goes through the loop, the 80x86 subtracts one from
CX; when CX becomes zero, LOOP ends the loop.

Why the CX register? The C in CX stands for Count. You can use this register
as a general-purpose register, but as you will see in the next chaprer, you can
also use the CX register with other instructions when you wish to repeat op-
erations.

Here is a simple program that rotates the BX register left eight times, moving
BL into BH (but not the reverse, because you rotate through the carry flag):

396F:0100 BBC5A3 MoV BX,A3C5
396F:0103 B90800O MoV CX, 0008
396F:0106 D1D3 RCL BX, 1
396F:0108 E2FC LOOP 0106
396F:010A CD20 INT 20

The loop starts at 106h (RCL BX,1) and ends with the LOOP instruction.
The number following LOOP (106h) is the address of the RCL instruction.
When you run the program, LOOP subtracts one from CX, then jumps to
address 106h if CX is not equal to zero. The instruction RCL BX,1 (Rotate
Carry Left, one place) is executed eight times here, because CX is set to eight
before the loop.

You may have noticed that, unlike the FOR-NEXT loop in BASIC, the LOOP
instruction is at the end of our loop (where you would put the NEXT state-
ment in BASIC). The start of the loop, the RCL instruction at 106h, has no
special instruction like FOR has in BASIC. If you know a language like Pas-
cal, you can see that the LOOP instruction is somewhat akin to the REPEAT-
UNTIL pair of instructions, where the REPEAT instruction just labels the start
of the block of instructions to loop through.
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0106:
[ J
. Decrement
). CX
LOOP 0106
Continue
when CX =0
INT 20

Figure 4-2: The LOOP instruction.

There are different ways you could execute your small program. If you simply
type G, you won’t see any change in the register display, because Debug saves
all the registers before it starts carrying out a G command. Then, if it encoun-
ters an INT 20 instruction (as it will in your program), it restores all the reg-
isters. Try G. You will see that IP has been reset to 100h (where you started),
and that the other registers don’t look any different, either.

If you have the patience, you can trace through this program, instead. Taking
it one step at a time, you can watch the registers change at each step, as fol-
lows:

R

AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=QCDE SS=0CDE CS=QCDE 1IP=0100 NV UP DI PL NZ NA PO NC
OCDE:0100 BBCS5A3 MOV BX,A3C5

-7

AX=0000 BX=A3C5 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=0CDE SS=QCDE C(CS=0CDE IP=0103 NV UP DI PL NZ NA PO NC
0CDE:0103 B90800 MOV CX, 0008

T

AX=0000 BX=A3C5 CX=0008 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=0CDE SS=0CDE CS=@CDE 1IP=0106 NV UP DI PL NZ NA PO NC
@CDE:0106 D1D3 RCL BX, 1

-T




AX=0000 BX=47BA
DS=0CDE ES=0QCDE
OCDE: 0108 E2FC
-T

AX=0000 BX=47BA
DS=QCDE ES=0QCDE
OCDE: 0106 D1D3

-7

AX=0000 BX=C551
DS=QCDE ES=0QCDE
OCDE:0108 E2FC
-T

AX=0000 BX=C551
DS=@CDE ES=0CDE
QCDE:010A CD20

CX=0008 DX=
§S=0CDE CS=

LOOP

CX=0007 DX=
SS=0CDE CS=

RCL

CX=0001 DX=
§S=QCDE CS=

LOOP

CX=0000 DX=
SS=QCDE CS=

INT

0000 SP=FFEE
OCDE IP=0108
0106

0000 SP=FFEE
OCDE IP=0106
BX, 1

0000 SP=FFEE
OCDE IP=0108
0106

0000 SP=FFEE
QCDE IP=010A
20
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BP=0000 SI=0000 DI=0000
OV UP DI PL NZ NA PO CY

BP=0000 SI=0000 DI=0000
OV UP DI PL NZ NA PO CY

BP=0000 SI=0000 DI=0000

NV UP DI PL NZ NA PO CY

BP=0000 SI=0000 DI=0000
NV UP DI PL NZ NA PO CY

Alternatively, you can type G 10A to execute the program up to, but not in-
cluding, the INT 20 instruction at 10Ah. The registers will then show the re-
sult of your program.

If you try this, you will see CX = 0 and either BX = C551 or BX = C5D1,
depending on the value of the carry flag before you ran the program. The C5
your program’s MOV instruction put into BL at the start is now in the BH
register, but BL doesn’t contain A3, because you rotated BX through the carry.
Later, you will see other ways of rotating without going through the carry. Let’s
get back to the goal of printing a number in binary notation.

Building a Program to Display
a Binary Number

You have seen how to strip off binary digits one at a time and convert them to
ASCII characters. If you add an INT 21h instruction to print your digits, your
program will be finished as you can see in the following program. The first
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instruction sets AH to 02 for the INT 21h function call (recall, 02 tells DOS
to print the character in the DL register). The program is as follows:

3985:0100 B402 Mov AH, 02
3985:0102 B90800 Mov CX, 0008
3985:0105 B200 MOV DL, 00
3985:0107 DOD3 RCL B
3985:0109 80D230 ADC DL,30
3985:010C CD21 INT 21
3985:010E E2F5 Loor 0105
3985:0110 CD20 INT 20

You have seen how all the pieces work alone; here is how they work together.
You rotate BL (with the instruction RCL BL,1) to pick off the bits of 2 num-
ber. Pick a number you want printed in binary and load it into the BL regis-
ter; then run this program with a G command. After the INT 20h instruc- |
tion, the G command restores the registers to the values they had before. BL }
still contains the number you see printed in binary. 1

The ADC DL,30 instruction in your program converts the carry flagtoa 0 or
a 1 character. The instruction MOV DL,0 sets DL to zero first, then the ADC
instruction adds 30h to DL, and then finally adds the carry. Since 30h is the
ASCII code for a 0, the result of ADC DL,30 is the code for 0 when the carry
is clear (NC) or 1 if the carry is set (CY).

If you want to see what happens when you run this program, trace through it.
Keep in mind that you will need to be a bit careful in single-stepping through
it with the T command. It contains an INT 21h instruction and, as you saw
when you first encountered INT 21h, DOS does a great deal of work for that

one instruction. That is why you cannot use T on the INT 21.

You can, however, trace through all the other instructions in this program except
the final INT 20, which won’t concern you until the very end. During your
tracing, type G 10E each time you loop through and reach the INT 21h in-
struction. Your G command, followed by an address, will tell Debug to con-
tinue running the program until IP becomes the address (10E) you entered.
That is, Debug will execute the INT 21h instruction without your tracing
through it, but stops before executing the LOOP instruction at 10E so you
can return to tracing through the program. (The number you type after G is

known as a breakpoint; breakpoints are very useful when you are trying to
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understand the inner workings of programs.) Finally, terminate the program
when you reach the INT 20h instruction by typing the G command by itself.

Stepping over INTs with
the Proceed Command

Whether or not you have tried out the instructions to trace through the pro-
gram, you have seen that an instruction like G 10E allows you to trace overan
INT instruction that starts at, say, 10Ch. But that means each time you want
to trace over an INT instruction, you need to find the address of the instruc-
tion immediately following the INT instruction.

As it turns out, there is a Debug command that makes tracing through INT
instructions much simpler. The P (Proceed) command does all the work for
you. To see how it works, trace through the program, but when you reach the

INT 21h instruction type P, rather than G 10E.

We will make heavy use of the P command in the rest of this book, because it
is a nice way to trace over commands like IN'T, which call on large programs
such as the routines inside DOS.

That is all we will cover about printing binary numbers as strings of zeros and
ones for now. Here is a simple exercise for you to practice on—see if you can
modify this program to print a 4 at the end of your binary number. (Hint:
The ASCII code for b is 62h.)

Summary

This chapter provided a chance to catch your breath a bit after your hard work
on new concepts in Chapters 1 through 3. So where have you been, and what
have you seen?

You had your first encounter with flags and had a look at the carry flag. This
was of special interest because it made the job of printing a binary number
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quite simple. It did so as soon as you learned about the rotate instruction RCL,
which rotates a byte or word to the left, one bit at a time.

Once you learned about the carry flag and rotating bytes and words, you learned
a new version of the add instruction, ADC. You used this later to build your
program to print a number in binary notation.

This is where the LOOP instruction entered the scene. By loading the CX
register with a loop count, you could keep the 80x86 executing a loop of in-
structions a number of times. You set CX to 8, to execute a loop eight times.

That is all you needed to write your program. You will use these tools again in
the following chapters. In the next chapter we will print a binary number in
hexadecimal notation, just as Debug does. By the time we finish Chapter 5,
you will have a better idea of how Debug translates numbers from binary to
hex. Then, we will move on to the other end of Debug—reading the numbers
typed in hex and converting them to the 80x8G’s binary notation.
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Printing Numbers
in Hex

ln this chapter you will learn some new tools needed to build a program that
displays a binary number in hexadecimal notation. You will learn about the
zero flag, as well as several other flags. You will learn how to use the CMP (com-
pare) instruction to set these flags, and the JZ (jump if zero) conditional jump
instruction to control your program. Finally, you will learn about Boolean logic
and the AND instruction.
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The program in Chapter 4 was fairly straightforward. You were lucky be-
cause the carry flag made it easy to print a binary number as a string of 0 and
1 characters. Now we will move on to printing numbers in hex notation. The
work will be a bit less direct and we will begin to repeat ourselves in our pro-
grams, writing the same sequence of instructions more than once. But that type
of repetition won’t last forever. In Chapter 7 you will learn about procedures
or subroutines that eliminate the need to write more than one copy of a group
of instructons. First, you learn some more useful instructions and see how to
print numbers in hex.

Comparing Numbers

In the last chapter you learned something about status flags and examined the
carry flag, which is represented as either CY or NC in Debug’s R display. The
other flags are equally useful, keeping track of the szazus for the last arithmetic
operation. There are eight flags altogether, and you will learn about them as
they are needed.

Other Status Flags

Recall that CY means the carry flag is 1, or set, whereas NC means the carry
flag is 0. In all flags 1 means #rue and 0 means false. For example, if a SUB
instruction results in 0, the flag known as the Zero Flag would be set to 1—
true—and you would see it in the R display as ZR (Zero). Otherwise, the zero
flag would be reset to 0—NZ (Nor Zero).

Look at an example that tests the zero flag. You will use the SUB instruction
to subtract two numbers. If the two numbers are equal, the result will be zero,
and the zero flag will appear as ZR on your display. Enter the following sub-
tract instruction:

396F:0100 29D8 SuUB AX, BX

Now, trace through the instruction with a few different numbers, watching
for ZR or NZ to appear in the zero flag. If you place the same number (FSh in
the following example) into both the AX and BX registers, you will see the
zero flag set after one subtract instruction, and cleared after another, as fol-
lows:
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-R

AX=QQF5 BX=00F5 CX=0000 0DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=0CDE SS=0CDE CS=0CDE IP=0100 NV UP DI PL NZ NA PO NC
OCDE: 0100 29D8 sus AX, BX

-T

AX=0000 BX=00F5 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=QCDE SS=0QCDE CS=0CDE 1IP=0102 NV UP DI PL ZR NA PE NC
QCDE:0102 3F AAS

-R IP

IP 0102

:100

-R

AX=0000 BX=00F5 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=0CDE SS=0CDE CS=0CDE 1IP=0100 NV UP DI PL ZR NA PE NC
OCDE: 0100 2908 SuB AX, BX

-T

AX=FFOB BX=00F5 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=QCDE SS=0CDE CS=0CDE 1IP=0102 NV UP DI NG NZ AC PO CY
OCDE:0102 3F AAS

If you subtract one from zero, the result is FFFFh, which is =1 in two’s-
complement form. Can you tell from the R display whether a number is posi-
tive or negative? Yes—another flag, called the Sign Flag, changes between NG
(Negative) and PL (Plus), and is set to 1 when a number is a negative two’s-
complement number.

Another new flag you will be interested in is the Overflow Flag, which changes
between OV (Overflow) when the flag is 1 and NV (No Overflow) when the
flag is 0. The overflow flag is set if the sign bit changes when it shouldn’t. For
example, if you add two positive numbers, such as 7000h and 6000h, you get
a negative number, DOOOh, or —12288. This is an error because the result over-
flows the word. The result should be positive, but isn’t, so the 80x86 sets the
overflow flag. (Remember, if you were dealing with unsigned numbers, this
would not be an error and you would ignore the overflow flag.)

Try several different numbers to see if you can set and reset each of these flags,
trying them out until you are comfortable with them. For the overflow, sub-
tract a large negative number from a large positive number—for example,
7000h — 8000h, since 8000h is a negative number equal to —32768 in two’s-

complement form.
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Using the Status Bits—Conditional Jumps

Now you are ready to look art a set of instructions called the conditional jump
instructions. They allow you to check status flags more conveniently than you
have been able to so far. The instruction JZ ( Jump if Zero) jumps to a new
address if the last arithmetic result was zero. Thus, if you follow a SUB in-
struction with, say, JZ 15A, a result of zero for the subtraction would cause
the 80x86 to jump to and start executing statements at address 15Ah, rather
than at the next instruction.

The JZ instruction tests the zero flag, and, if it is set (ZR), does a jump. The
opposite of JZ is JNZ (Jump if Not Zero). Let’s look at a simple example that

uses JNZ and subtracts one from a number until the result is zero, as follows:

396F:0100 2C01 SuB AL, Q1
396F:0102 75FC JNZ 0100
396F:0104 CD20 INT 20

Put a number like three in AL so you will go through the loop a few times,
then trace through this program, one instruction at a time, to see how condi-
tional branches work. We put the INT 20h instruction at the end so typing G
by accident won't drop off the end of your program; it’s a good defensive prac-
tice.

Using CMP to Compare Numbers

You may have noticed that using SUB to compare two numbers has the po-
tentially undesirable side effect of changing the first number. CMP (Compare)
allows you to do the subtraction without storing the result anywhere and with-
out changing the first number. The result is used only to set the flags, so you
can use one of the many conditional jump instructions after a compare. To
see what happens, set both AX and BX to the same number, F5h, and trace
through this instruction, as follows:
-A 100

OCDE: 0100 CMP AX,BX

OCDE: 0102
-T
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AX=Q0F5 BX=00F5 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0CDE ES=OCDE SS=QCDE CS=0CDE 1P=0102 NV UP DI PL ZR NA PE NC
OCDE: 0102 3F AAS

The zero flag is now set (ZR), but F5h remains in both registers.

To use CMP to print a single hex digit. Create a set of instructions that uses
flags to alter the flow of your program, as LOOP did in the last chapter, in a
manner similar to BASIC’s IF-THEN statement. This new set of instructions
will use the flags to test for such conditions as less than, greater than, and so
on. You will not have to worry about which flags are set when the first number
is less than the second; the instructions know which flags to look at.

Printing a Single Hex Digit

Start by putting a small number (between 0 and Fh) into the BL register. Since
any number between 0 and Fh is equivalent to one hex digit, you can convert
your choice to a single ASCII character and then print it. Look at the steps
needed to do the conversion.

|
Character ASCII Code | Character ASCII Code
(Hex) (Hex)

| / 2F < 3C

' 0 30 = 3D
1 31 > 3E
2 32 ? 3F
S 33 @ 40
4 34 A 41
5 35 B 42
6 36 C 43
7/ 37 D 44
8 38 E 45
9 39 F 46
: 3A G 47
; 3B H 49

Figure 5-1: Partial ASCII table showing the characters used by hex digits.

The ASCII characters 0 through 9 have the values 30h through 39h; the characters
A through F, however, have the values 41h through 46h (see Figure 5-1).
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Notice that we just
wrote 0Ah for the
number A, rather
than AH, so we
wouldn't confuse the
number Ah with the
register AH. We will
often place a zero
before hex numbers
in situations like this
that could be
confusing. In fact,
since it never hurts
10 place a zero before
a hex number, it is a
good idea to place a
zero before all hex
numbers.
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The problem is that these two groups of ASCII characters are separated by seven
characters. As a result, the conversion to ASCII will be different for the two groups
of numbers (0 through 9 and Ah through Fh), so you handle each group differ-
ently. A BASIC program to do this two-part conversion looks like this:

IF BL < &HOA THEN
BL = BL + &H30

ELSE
BL

END IF

BL + &H37

The BASIC conversion program is fairly simple. Unfortunately, the 80x86’s
machine language doesn’t include an ELSE statement. It is far more primitive
than BASIC is, so you will need to be somewhat clever. Here is another
BASIC program, this time one that mimics the method you will use for the
machine-language program.

BL = BL + &H30

IF BL >= &H3A THEN

BL = BL + &H7
END IF

You can convince yourself that this program works by trying it with some choice
examples. The numbers 0, 9, Ah, and Fh are particularly good because these
four numbers cover all the boundary conditions, which are areas where we
often run into problems.

Here, 0 and Fh are, respectively, the smallest and largest single-digit hex num-
bers. By using 0 and Fh, you check the bottom and top of the range. The num-
bers 9 and 0Ah, although next to each other, require two different conversion
schemes in the program. By using 9 and 0Ah, you confirm that you have cho-
sen the correct place to switch between these two conversion schemes.

The machine-language version of this program contains a few more steps, but
it is essentially the same as the BASIC version. It uses the CMP instruction, as
well as a conditional jump instruction called JL (Jump if Less Than). The pro-

gram to take a single-digit hex number in the BL register and print it in hex is

as follows:

3985:0100 B402 MOV AH, 02
3985:0102 88DA MOV DL, BL
3985:0104 800230 ADD DL,30
3985:0107 8OFA3A cMP DL,3A
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3985:010A 7C03 JL Q10F
3985:010C 80C207 ADD DL,0Q7
3985:010F CD21 INT 21
3985:0111 CD20 INT 20

The CMP instruction, as you saw before, subtracts two numbers (DL — 3Ah)
to set the flags, but it does not change DL. So if DL is less than 3Ah, the JL
10F instruction skips to the INT 21h instruction ac 10Fh. Place a single-digit
hex number in BL and trace through this example to get a better feeling for
CMP and our algorithm to convert hex to ASCII. Remember to use either
the G command with a breakpoint or the P command when you run the INT
instructions.

0107 CMP DL,3A

010A JL 010F

010C ADD DL,07 ijalll.nlpsitf\h
010F INT 21

Figure 5-2: The JL instruction.

Using Rotate To Get the Upper Nibble

The program works for any single-digit hex number, but we need a few more
steps to print a two-digit hex number. We need to isolate each digit (four bits,
which are often called a nibble) of this two-digit hex number. In this section,
you will see that you can easily isolate the first, or higher, four bits. In the next
section, you will encounter a concept known as a logical operation, which you
will use to isolate the lower four bits—the second of the two hex digits.

To begin, recall that the RCL instruction rotates a byte or a word to the left
through the carry flag. In the last chapter you used the instruction RCL BL,1,
where the number one told the 80x86 to rotate BL left by one bit. You can
rotate by more than one bit if you want, but you cannot simply write the in-
struction RCL BL,2. For rotations by more than one bit, you must place a
rotate count in the CL register.
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Although RCL BL,2 isn’ta legal 8088 instruction, it works just fine with
the 80286 and above processors found on most of today’s computers.
Since there are still some PCs with the older 8088s, it is best to write
your programs for the lowest common denominator—the older 8088.

The CL register is used here in much the same way as the CX register is used
by the LOOP instruction to determine the number of times to repeat a loop.
The 80x86 uses CL for the number of times to rotate a byte or word, rather
than the CX register, because it makes no sense to rotate more than 16 times.
The eight-bit CL register is more than large enough to hold your maximum
shift count.

How does all this tie in with printing a two-digit hex number? The plan is to
rotate the byte in DL four bits to the right. To do so, you will use a slightly
different rotate instruction called SHR (Shiff Right). Using SHR, you will be
able to move the upper four bits of your number to the rightmost nibble (four

bits).

DL CF
0—|0110 1110 |—|1

Figure 5-3: The SHR DL, 1 Instruction.

You also want the upper four bits of DL set to zero, so that the entire register
becomes equal to the nibble you are shifting into the right nibble. If you were
to enter SHR DL, 1, your instruction would move the byte in DL one bit to
the right. At the same time it would move bit 0 into the carry flag, while shifs-
inga zero into bit 7 (che highest, or leftmost, bit in DL). If you do that three
more times, the upper four bits will end up shifted right into the lower four
bits, while the upper four bits will all have had zeros shifted into them. You
can do all that shifting in one instruction by using the CL register as the shiff
count. Setting CL to four before the instruction SHR DL,CL, will ensure that
DL becomes equal to the upper hex digit. To see how this works, place 4 into
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CL and 5Dh into DL. Then enter and trace through the following SHR

instruction:
3985:0100 D2EA SHR DL,CL

DL should now be 05h, which is the first digit in the number 5Dh. Now you
can print this digit with a program like the one used earlier. By putting to-
gether the pieces you have so far, you can build the following program to take
a number in the BL register and print the first hex digit:

3985:0100 B402 MoV AH, 02
3985:0102 88DA MoV DL,BL
3985:0104 B104 Mov CL,04
3985:0106 D2EA SHR DL,CL
3985:0108 80C230 ADD DL,30
3985:010B 80FA3A cmpP DL,3A
3985:010E 7C03 JL 0113
3985:0110 80C207 ADD DL, 07
3985:0113 CD21 INT 21
3985:0115 CD20 INT 20

Using AND to Isolate the Lower Nibble

Now that you can print the first of the two digits in a hex number, let's see
how you can isolate and print the second digit. You will clear the upper four
bits of your original (unshifted) number to zero, leaving DL equal to the lower
four bits. It is easy to set the upper four bits to zero with an instruction called
AND. The AND instruction is one of the /ogical instructions—those that have
their roots in formal logic.

In formal logic, “A is true, if B and C are both true.” But if either B or C is
false, then A must also be false. If you take this statement, substitute one for
true and zero for false, then look at the various combinations of A, B, and C,
you can create what is known as a truth table. Here is the truth table for ANDing
two bits together:

AND | F T AND | 0 1
F R T - 0 0 o
T F T 1 0 1
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Down the left and across the top are the values for the two bits. The results for
the AND are in the table, so you see that 0 AND 1 gives 0.

The AND instruction works on bytes and words by ANDing together the bits
of each byte or word that are in the same position. For example, the statement
AND BL,CL successively AND:s bits 0 of BL and CL, bits 1, bits 2, and so on,
and places the result in BL. We can make this clearer with an example in
binary, as follows:

1011
AND 01 11

00110

0
0

1 01
110
100

Furthermore, by ANDing 0Fh to any number, you can set the upper four bits
to zero, as follows:

@ L@ 1l 7Bh
AND 00001 111 = OFh
00001011 0Bh

Next you can purt this logic into a short program that takes the number in BL,
isolates the lower hex digit by ANDing 0Fh to the upper four bits, and then
prints the result as a character. You saw most of the details of this program
when you printed the upper hex digit; the only new detail is the AND inscruc-

tion.

3985:0100 B402 MOV AH, 02
3985:0102 88DA MOV DL,BL
3985:0104 BOE20F AND DL, OF
3985:0107 30C230 ADD DL, 30
3985:010A BOFA3A CMP DL,3A
3985:010D 7C03 JL 0112
3985:010F 80C207 ADD DL, 07
3985:0112 CD21 INT 21
3985:0114 CD20 INT 20

Try this with some two-digit hex numbers in BL before you move on to put
the pieces together to print both digits. You should see the rightmost hex digit

of your number in BL on the screen.
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Putting It All Together

There isn’t much to change when you puc all the pieces together. You need
only to change the address of the second JL instruction used to print the sec-
ond hex digit. The complete program is as follows:

3985:0100 B402 MOV AH, 02
3985:0102 B8DA MOV DL, BL

3985:0104 B104 MoV cL,04

3985:0106 D2EA SHR DL, CL

3985:0108 80C230 ADD DL, 30

3985:0108 BOFA3A cMP DL, 3A

3985:010E 7C03 JL 0113

3985:0110 80C207 ADD DL,07 ,
3985:0113 CD21 INT 21

3985:0115 88DA MOV DL,BL

3985:0117 BOE20F AND OL,0F

3985:011A 80C230 ADD DL,30

3985:011D BOFA3A CcMP DL,3A

3985:0120 7C03 JL 0125

3985:0122 80C207 ADD DL, 07

3985:0125 CD21 INT 21

3985:0127 CD20 INT 20

After you have entered this program, you will have to type U 100, followed by
U, to see the entire unassembled listing. Note that you have repeated one set
of five instructions twice: the instructions at 108h through 113h, and 11Ah
through 125h. In Chapter 7 you will learn how to write this sequence of in-
structions just once using a new instruction called CALL.

Summary

In this chapter, you learned more about how Debug translates numbers from
the 80x86’s binary format to a hex format you can read. What did you add to
your growing store of knowledge?

First, you learned about some of the two-letter flags you see on the right side
of the register (R) display. These status bits give you a great deal of informa-
tion about the last arithmetic operation. By looking at the zero flag, for
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example, you could tell whether the result of the last operation was zero. You
also found that you could compare two numbers with a CMP instruction.

Next, you learned how to print a single-digit hex number. Armed with this
information, you learned about the SHR instruction, enabling you to move
the upper digit of a two-digit hex number into the lower four bits of BL. That
completed, you could print the digit, as before.

Finally, the AND instruction allowed you to isolate the lower hex digit from
the upper. By putting all these pieces together, you wrote a program to print
a two-digit hex number.

We could havercontinued on to print a four-digit hex number, but at this point,
we would find ourselves repeating instructions. Before you try to print a four-
digit hex number, you will learn about procedures in Chapter 7. Then, you
will know enough to write a procedure to do the job. By then you will also be
ready to learn about the assembler—a program that will do much of your work.
Now, on to reading hex numbers.







Reading
Characters

ln this chapter you will learn how to read characters from your keyboard. You
will build a small program that reads a two-digit hex number from the key-
board.
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Now that you know how to print a byte in hex notation, you are going to
reverse the process by reading two characters—hex digits—from the keyboard
and converting them into a single byte.

Reading One Character

The DOS INT 21h function call we have been using has an input function,
number 1, that reads a character from the keyboard. When you learned about
function calls in Chapter 4, you saw that the function number must be placed
in the AH register before an INT 21h call. To try function 1 for INT 21h,
enter INT 21h at location 0100h as follows:

396F:0100 CD21 INT 21

Place 01h into AH and type either G 7102 or Pto run this one instruction. All
you will see is the blinking cursor. Actually, DOS has paused and is waiting
until you press a key (don’t do so yet). Once you press a key, DOS will place
the ASCII code for that character into the AL register. You will use this in-
struction later to read the characters of a hex number. Right now, see what
happens when you press a key like the F1 key. DOS will return a 0 in AL and
a semicolon (;) after Debug’s hyphen prompt.

F1 is one of a set of special keys with extended codes, which DOS treats differ-
ently from the keys representing normal ASCII characters. (You will find a
table listing these extended codes in Appendix D.) For each of these special
keys, DOS sends rwo characters, one right after the other. The first character
returned is always zero, indicating that the next character is the scan code for a

special key.

To read both characters, you would have to execute INT 21h twice. But in
our example, you read only the first character, the zero, and leave the scan code
in DOS. When Debug finished with the G 102 (or P) command, it began to
read characters, and the first character it read was the scan code left behind
from the F1 key, namely, 59, which is the ASCII code for a semicolon.

Later, when we develop the Dskpatch program, you will begin to use these
extended codes to bring the cursor and function keys to life. Until then, we
will just work with the normal ASCII characters.
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Reading a Single-Digit
Hex Number

Next you need to reverse the conversion that you used in Chapter 5, when
you transformed a single-digit hex number to the ASCII code for one of the
characters in 0 through 9 or A through F. To convert one character, such as C
or D, from a hex character to a byte, you must subtract either 30h (for 0 through
9) or 37h (for A through F). Here is a simple program that will read one ASCII

character and convert it to a byte.

3985:0100 B401 MOV AH, 01
3985:0102 CD21 INT 21

3985:0104 2C30 sus AL, 30
3985:0106 3C09 CMP AL, 09
3985:0108 7E02 JLE 210C
3985:010A 2C07 suB AL, 07
3985:010C CD20 INT 20

Most of these instructions should be familiar now, but there is one new one,
JLE (Jump if Less than or Equal). In your program, this instruction jumps if
AL is less than or equal to 9h.

To see the conversion from hex character to ASCII, you need to see the AL
register just before the INT 20h is executed. Since Debug restores the registers
when it executes the INT 20h, you will need to set a breakpoint, as you did in
Chapter 4. Here, type G 10C, and you will see that AL will contain the hex

number converted from a character.

Try typing some characters, such as £ or a lowercase 4, that are not hex digits
to see what happens. You will notice that this program works correctly only
when the inputis one of the digits 0 through 9 or the uppercase letters A through
F. You will correct this minor failing in the next chapter when you learn
about subroutines, or procedures. Until then, we will be sloppy and ignore error
conditions. You will have to type correct characters for your program to work

properly.
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Reading a Two-Digit
Hex Number

Reading two hex digits isn’t much more complicated than reading one, but it
does require many more instructions. Begin by reading the first digit, then place
its hex value in the DL register and multiply it by 16. To perform this multi-
plication, shift the DL register left four bits, which places a hex zero (four zero
bits) to the right of the digit you just read. The instruction SHL DL,CL, with
CL set to four, does the trick by inserting zeros at the right. In fact, the SHL
(Shift Left) instruction is known as an arithmetic shift, because it has the same
effect as an arithmetic multiplication by two, four, eight, and so on, depend-
ing on the number (such as one, two, or three) in CL (See Figure 6-1).

CF DL
1/«<—/0110 1110 |~ 0

Figure 6-1: The SHL DL, 1 instruction.

Finally, with the first digit shifted over, add the second hex digit to the num-
ber in DL (the first digit * 16). You can see and work through all these details

in the following program:

3985:0100 B401 MoV AH, 01
3985:0102 CD21 INT 21
3985:0104 88C2 MOV DL,AL
3985:0106 80EA30 SuB DL,30
3985:0109 80FAQ9 CMP DL, 09
3985:010C 7EQ3 JLE 0111
3985:010E 80EAQ7 suB DL, 07
3985:0111 B104 MoV CL,04
3985:0113 D2E2 SHL DL,CL
3985:0115 CD21 INT 21
3985:0117 2C30 suB AL, 30
3985:0119 3C09 CMP AL, Q9
3985:011B 7E02 JLE Q11F
3985:011D 2C07 suB AL, 07
3985:011F 00C2 ADD DL,AL
3985:0121 CD20 INT 20







Using Procedures
to Write Reusable
Code .

In this chapter you will learn how to write small, general-purpose pieces of
code called procedures that you can use from anywhere in your program. Pro-
cedures are something you will use heavily in almost any program you write.
In this process you will also learn about the stack, and you will build a new
hex-input routine that prevents you from typing invalid digits.
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ln the next chapter, we will discuss MASM, the macro assembler, and you
will begin to use assembly language. But before leaving Debug, you will look at
one last set of examples and learn about subroutines and a special place to store

numbers called the szack.

Writing Procedures

A procedure is a list of instructions that can be executed from different places
in a program, rather than having to repeat the same list of instructions at each
place they’re needed. In BASIC such lists are called subroutines, bur we will
call them procedures for reasons that will become clear later.

You move to and from procedures by using a pair of instructions. You call a
y

procedure with one instruction, CALL. You return from the procedure with a

RET instruction.

Here is a simple BASIC program, written in QBasic, that you will later re-
write in machine language. This program calls a subroutine ten times, each
time printing a single character, starting with A and ending with ], as follows:
DIM SHARED A
A = 8H41 'ASCII for ‘A’
FOR I = 1 TO 10

DoPrint

A=A+t
NEXT I

SUB DoPrint
PRINT CHRS$(A);
END SUB

QBasic is actually much simpler than older versions of BASIC, such as GW-
BASIC, that were shipped with versions of DOS before DOS 5.0. Earlier ver-
sions of BASIC required line numbers in front of each line of the program,
and you had to use the GOSUB and RETURN commands to write the same
code. Since the older BASIC looks more like the machine code we will write
below, here is the above program rewritten in a primitive version of BASIC,
using line numbers.
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10 A = &H41 'ASCII for 'A’
20 FOR I = 1 TO 10

30 GOSuB 1000

40 A = A + 1

50 NEXT I

60 END

1000 PRINT CHRS(A)
1010 RETURN

In this case the subroutine follows a practice common when BASIC programs
needed line numbers, by beginning at line 1000 to leave room for more in-
structions to be added to the main program withour affecting the line number
of the subroutine. You will have to do the same with your machine-language
procedure since you cannot move machine-language programs easily (this won’t
be a problem once you start to use the assembler in the next chapter, so it is
only a temporary problem). You will put the machine-language subroutine at
200h, far away from the main program at 100h. You will also replace GOSUB
1000 with the instruction CALL 200h, which calls the procedure at memory
location 200h. The CALL sets IP to 200h, and the 80x86 starts executing the
instructions at 200h.

The FOR-NEXT loop of the BASIC program (as you saw in Chapter 4) can
be written as a LOOP instruction. The other pieces of the main program (ex-
cept for the INC instruction) should be familiar. They are as follows:

3985:0100 B241 MoV DL, 41
3985:0102 B90A0LO MoV CX,000A
3985:0105 EBF800 CALL 0200
3985:0108 FEC2 INC DL
3985:010A E2F9 LOOP 2105
3985:010C CD20 INT 20

The first instruction places 41h (ASCII for A) into the DL register, because
the INT 21h instruction prints the character given by the ASCII code in DL.
The INT 21h instruction itself is located some distance away, in the pro-
cedure at location 200h. INC DL, the new instruction, increments the DL
register. That is, it adds one to DL, setting DL to the next character in the
alphabet. The procedure you should enter at 200h is as follows:

3985:0200 B402 MoV AH, 02
3985:0202 CD21 INT 21
3985:0204 C3 RET
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Recall that the 02h in AH tells DOS to print the character in DL when you
execute the INT 21h instruction. RET is a new instruction that rezzr#s to the

first instruction (LOOP) following the CALL in your main program.

Type G to see the output of this program, then single-step through it to see
how it works (remember to use either a breakpoint or the P command to run
the INT 21 instruction).

0105: CALL 0200
0108: LOOP o105\

0200: MOV AH,02
0202: INT 21
0204:INC DL
0206: RET

Figure 7-1: The CALL and RET instructions.

How CALL Works: The Stack
and Return Addresses

The CALL instruction in your program needs to save the return address some-
where so the 80x86 will know where to resume executing instructions when
it sees the RET instruction. For the storage place itself, there is a portion of
memory known as the stack. For tracking what is on the stack, there are two
registers that you can see on the R display: the SP (Stack Pointer) register, which
points to the top of the stack, and the SS (Stack Segment), which holds the

segment number.

In operation, a stack for the 80x86 is just like a stack of trays in a cafeteria,
where placing a tray on the top covers the trays underneath. The last tray on
the stack is the first to come off, so another name for a stack is LIFO, for Last
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In, First Out. This order, LIFO, is precisely what you need for retrieving re-
turn addresses after you make nested CALLs like the following:

396F:0100 EBFDOOQ CALL 0200
396F :0200 E8FDOOQ CALL 0300
396F:0203 C3 RET
396F:0300 E8FDOO CALL 0400
396F:0303 C3 RET
396F : 0400 C3 RET

The instruction at 100h calls one at 200h, which calls one at 300h, which calls
one at 400h, where you finally see a return (RET) instruction. This RET re-
turns to the instruction following the previous CALL instruction, at 300h, so
the 80x86 resumes executing instructions at 303h. But there it encounters a
RET instruction at 303h, which pulls the next oldest address (203h) off the
stack. So the 80x86 resumes executing instructions at 203h, and so on. Each
RET pops the topmost return address off the stack, so each RET follows the
same path backward as the CALLs did forward, see Figures 7-2 and 7-3.

Try entering a program like the preceding one. Use multiple calls, and trace
through the program to see how the calls and returns work. Although the pro-
cess may not seem very interesting right now, there are other uses for this stack,
and a good understanding of how it works will come in handy. (In a later
chapter, you will look for the stack in memory.)

PUSHing and POPping Data

The stack is a useful place to store words of data for a while, provided you are
careful to restore the stack before a RET instruction. You have seen thata CALL
instruction pushes the return address (one word) onto the top of the stack, while

N
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a RET instruction pops this word off the top of the stack, loads it into the IP
register, and exposes the word that was lying underneath it. You can do the
same thing with the instructions PUSH and POP, which allow you to push
and pop words.

Address Stack

SE> 0100: | 0203

0102: | 0203

Figure 7-2: The stack just before executing the CALL 400 instruction.

It is often convenient to save the values of registers at the beginning of a pro-
cedure and restore them at the end, just before the RET instruction. Then you
are free to use these registers in any way you like within the procedure, as long
as you restore their values at the end.

Programs are built from many levels of procedures, with each level calling the
procedures at the next level down. By saving registers at the beginning of a
procedure and restoring them at the end, you remove unwanted interactions
between procedures at different levels, making your programming much easier.
You will see more about saving and restoring registers in Chapter 13, when we
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Saving and restoring CX and DX allows you to change these registers in the
procedure that begins at 200h, but without changing the values used by any
procedure that calls this one. Once you have saved CX and DX, you can use
these registers to hold /ocalvariables—variables you can use within this proce-
dure without affecting the values used by the calling program.

You will often use such local variables to simplify programming tasks. As long
as you are careful to restore the original values, you won’t have to worry about
your procedures changing any of the registers used by the calling program. This
will become clearer in the next example, which is a procedure to read a hex
number. Unlike the program in Chapter 6, your new program now will
allow only valid characters such as A, but not K.

Reading Hex Numbers
with More Class

Next, you can create a procedure that keeps reading characters until it receives
one that can be converted to a hex number between 0 and Fh. You do not
want to display any invalid characters, so you will sift through your input us-
ing a new INT 21h function, number 8, that reads a character but does not
pass it onto the screen. That way you can echo (display) characters only if they
are valid. Place 8h into the AH register and run through this instruction, typ-
ing an A just after you type G 102.

3985:0100 CD21 INT 21

The ASCII code for A (41h) is now in the AL register, but the A didn’t appear
on the screen. Using this function, your program can read characters without
echoing them until it reads a valid hex digit (0 through 9 or A through F),
which it will then echo. The procedure to do this and to convert the hex char-
acter to a hex number is as follows:

3985:0200 52 PUSH DX
3985:0201 B408 Mov AH, 08
3985:0203 CD21 INT 21
3985:0205 3C30 CMP AL, 30
3985:0207 72FA JB 0203
3985:0209 3C46 CMP AL, 46
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3985:0208 77F6 JA 0203
3985:020D 3C39 CMP AL, 38
3985:020F 770A JA 0218
3985:0211 B402 MoV AH, 02
3985:0213 88C2 MOV DL,AL
3985:0215 CD21 INT 21
3985:0217 2C30 SuB AL,30
3985:0219 5A POP DX
3985:021A C3 RET

3985:021B 3C41 CMP AL, 41
3985:021D 72E4 JB 0203
3985:021F B402 MoV AH,02
3985:0221 88C2 MoV DL,AL
3985:0223 CD21 INT 21
3985:0225 2C37 sus AL,37
3985:0227 5A PoOP DX
3985:0228 C3 RET

The procedure reads a character in AL (with the INT 21h at 203h) and checks
to see if it is valid with the CMPs and conditional jumps. If the character just
read is not a valid character, the conditional jump instructions sends the 80x86
back to location 203, where the INT 21h reads another character. (JA is Jump
if Above, and ]B is Jump if Below. Both treat the two numbers as unsigned num-
bers, whereas the JL instruction used earlier treated both as signed numbers.)

By line 211h, you know that you have a valid digit between 0 and 9, so you
just subtract the code for the character 0 and return the result in the AL regis-
ter, remembering to pop the DX register, which you saved at the beginning of
the procedure. The process for hex digits A through F is much the same. No-
tice that there are two RET instructions in this procedure. (You could have
had more, or you could have had just one.) Here is a very simple program to
test the procedure:

3985:0100 EBFDQO CALL 0200
3985:0103 CD20 INT 20

As you have done before, use either the G command with a breakpoint, or use
the P command. You want to execute the CALL 200h instruction without
executing the INT 20h instruction, so you can see the registers just before the
program terminates and the registers are restored.

You will see the cursor at the left side of the screen, waiting patiently for a

character. Type £, which isn’t a valid character. Nothing should happen. Now,
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type any of the uppercase hex characters. You should see the character’s hex
value in AL and the character itself echoed on the screen. Test this procedure
with the boundary conditions: ‘/’ (the character before zero), 0, 9, -’ (the char-
acter just after 9), and so on. Now that you have this procedure, the program
to read a two-digit hex number with error handling is fairly straightforward.

3985:0100 EBFD0OO CALL 0200
3985:0103 88C2 MOV DL,AL
3985:0105 B104 MoV CL,04
3985:0107 D2E2 SHL DL,CL
3985:0109 EBF400 CALL 0200
3985:010C 00C2 ADD DL, AL
3985:010E B402 MOV AH, 02
3985:0110 CD21 INT 21
3985:0112 CD20 INT 20

You can run this program from DOS, since it reads in a two-digit hex number
and then displays the ASCII character that corresponds to the number you

typed in.

Aside from the procedure, your main program is much simpler than the ver-
sion you wrote in the last chapter, and you have not duplicated the instruc-
tions to read characters. You did add error handling, even if it did complicate
the procedure; error handling ensures that the program accepts only valid
input.

You can also see the reason for saving the DX register in the procedure. The
main program stores the hex number in DL, so you don’t want your proce-
dure at 200h to change DL. On the other hand, the procedure at 200h must
use DL itself to echo characters. So, by using the instruction PUSH DX at the
beginning of the procedure, and POP DX at the end, you saved yourself from
problems. From now on, to avoid complicated interactions between procedures,
be very strict about saving any registers used by a procedure.

Summary

Your programming is becoming more sophisticated. You have learned about
procedures, which enable you to reuse the same set of instructions without
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rewriting them each time. You have also discovered the stack and seen that a
CALL stores a return address on the top of the stack, while a RET instruction
returns to the address on the top of the stack.

You learned how to use the stack for more than just saving return addresses.
You used the stack to store the values of registers (with a PUSH instruction)
so you could use them in a procedure. By restoring the registers (with a POP
instruction) at the end of each procedure, you avoided unwanted interactions
between procedures. By always saving and restoring registers in procedures that
you write, you can CALL other procedures without worrying about which
registers are used within the other procedure.

Finally, armed with this knowledge, you moved on to build a better program
to read hex numbers—this time, with error checking. The program you built
here is similar to one you will use in later chapters, when you begin to develop

your Dskpatch program.

Now you are ready to move on to Part II, where you will learn how to use the
assembler. The next chapter covers the use of the assembler to convert a pro-
gram to machine language. You will also see that there will not be any reason
to leave room between procedures, as in this chapter, when you put your pro-
cedure way up at location 200h.
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Welcome to
the Assembler

In this chapter you will learn how to build programs using either the Microsoft
Macro Assembler or the Borland Turbo Assembler. Building programs with
the assembler is much easier than building them with Debug. You will learn
how to assemble and link programs and how to comment your programs and
use labels so they are easy to understand.
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At long last you are ready to meet the assembler, a DOS program that will
make your programming much simpler. From now on, you will write mne-
monic, human-readable instructions directly, using the assembler to turn your
programs into machine code.

This chapter and the next will be somewhat heavy with details on the assem-
bler, but learning these details will be well worth the effort. Once you know
how to use the assembler, you will get back on course in learning how to write
assembly-language programs.

Building a Program
without Debug

Up 1o this point, you have typed only DEBUG and then your program in-
structions. Now that you are about to leave Debug behind and to write pro-
grams without it, you will have to use either an editor or a word processor to
create text, or human-readable files containing assembly-language instructions.

Begin by creating a source file—the name for the text version of an assembly-
language program. You will create a source file for the program you built and
named Writestr (short for Write Star) back in Chapter 3. To refresh your
memory, here is the Debug version:

396F:0100 B402 MOV AH, 02
396F:0102 B261 MoV DL,2A
396F:0104 CD21 INT 21
396F:0106 CD20 INT 20

Use a text editor, such as DOS’s Edi, to enter the following lines of code into
a file named WRITESTR.ASM (the extension .ASM means this is an assem-
bler source file). Here, as with Debug, lowercase works just as well as upper-
case, but we will continue to use uppercase letters to avoid confusion berween
the number 1 (one) and the lowercase letter I:

.MODEL SMALL
.CODE

MOV AH,2h
MOV DL, 2Ah







Assembly Language for the PC, Third Edition

104

The following program demonstrates what happens when you assemble a pro-

gram with ACH rather than 0ACH.

.MODEL SMALL

.CODE
MOV DL,ACh
INT 20h
END

The output is as follows:

C>ML /C TEST.ASM
Microsoft (R) Macro Assembler Version 6.00
Copyright (C) Microsoft Corp 1981-1991. All rights reserved.

Assembling: test.asm
test.asm(3): error A2006: undefined symbol : ACh

c>

Definitely not encouraging. But changing the ACh to 0ACh will satisfy the
assembler. Also notice the spacing of the commands in the assembler program.
We used tabs to align everything neatly and to make the source text more read-
able. Compare the program you entered with the following;

.MODEL SMALL
.CODE

MOV AH,2h
MOV DL,2Ah
INT 21h

INT 20h

END

A bit of a mess; the assembler does not care, but we do.

Now let’s return to the three new lines in your source file. The three new lines
are all directives (also sometimes called psendo-ops, or pseudo-operations). They
are called directives because they supply information and directions to the as-
sembler, rather than generate instructions. The END directive marks the end
of the source file so the assembler knows it is finished when it sees an END.
Later on, you will see that END is also useful in other ways. But right now,
let’s put aside any further discussion of it or the other two directives and focus
on the assembler.
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Creating Source Files

Even though you have entered the lines of WRITESTR.ASM, there is one
more consideration before we move on to actually assemble our program. The
assembler can use source files that contain standard ASCII characters only. If
you are using a word processor, bear in mind that not all word processors write
disk files using only the standard ASCII characters. Microsoft Word is one such
culprit. For such word processors, use the non-document, or unformatted,
mode when you save your files.

Before you try assembling WRITESTR.ASM, make sure it is still ASCII. From
DOS, type:

C>TYPE WRITESTR.ASM

You should see the same text you entered, as you entered it. If you see strange
characters in your program (many word processors put additional formatting
information into the file, which the assembler will treat as errors) you may have
to use a different editor or word processor to enter programs. You will also
need a blank line after the END statement in your file. The DOS Edit pro-
gram (available in DOS 5 and later) will work well for creating source files.

You will need to read this note if you are using a version of MASM
before 6.0, or Borland’s Turbo Assembler.

If you are using an older version of MASM than 6.0, you will need to
use a slightly different syntax for assembling files. Instead of using a com-
mand like “ML /C WRITESTR.ASM”, you will need to use the com-
mand MASM followed by the file name (without the .ASM extension),
and finally a semicolon: “MASM WRITESTR;”.

If you are using Borland’s Turbo Assembler, you will need to use a slightly
different syntax for assembling files. Instead of using a command like
“ML/CWRITESTR.ASM”, you will need to use the command TASM
followed by the file name (without the .ASM extension), and finally a
semicolon: “TASM WRITESTR;”.

| Note
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Now, let’s begin to assemble Writestr. (If you are using Borland’s Turbo As-
sembler, type “TASM WRITESTR;” instead of “ML /C WRITESTR.ASM”.)

C>ML /C WRITESTR.ASM
Microsoft (R) Macro Assembler Version 6.00
Copyright (C) Microsoft Corp 1981-1991. All rights reserved.

Assembling: writestr.asm

=

You are not finished yet. At this point, the assembler has produced a file called
WRITESTR.OB]J, which you will find on your disk. This is an intermediate
file, called an object file. It contains the machine-language program, along with
a lot of bookkeeping information used by another DOS program called the
Linker.

Linking Your Program

Right now, you want the linker to take your OB]J file and create an EXE ver-
sion of it. Link WRITESTR.OB]J by typing the following:

C>LINK WRITESTR;

Microsoft (R) Segmented-Executable Linker Version 5.13
Copyright (C) Microsoft Corp 1984-1991. All rights reserved.

LINK : warning L4@21: no stack segment
LINK : warning L4038: program has no starting address

Cc>

Even though the linker warns you that there is no stack segment, you don’t
need one right now. After you learn how to add more of the trappings, you
will see why you might want a stack segment. You also can ignore the warning
about no starting address, which is not important here since you will be creat-
ing a COM file (you will see why later).

Now you have your EXE file, but this still isn’t the last step. Next, you need to
create a COM version, which is just what you created with Debug. Later you will
see why you need all of these steps. For now, you will create a COM version of
Writestr.
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For your final step, you will use a program EXE2BIN.EXE. Exe2bin, as its
name implies, converts an EXE file to a COM, or binary (bin) file. There is a
difference between EXE and COM files, but we won’t deal with the differ-
ences until Chapter 11. For now just create the COM file by typing the
following:

C>EXE2BIN WRITESTR WRITESTR.COM

c>

The response did not tell you very much. To see whether Exe2bin worked, list
all of the Writestr files you have created so far.

C>DIR WRITESTR.*
Volume in drive C has no label

Volume Serial Number is 191C-8737
Directory of C:\SOURCE\ASM

WRITESTR ASM 73 10-13-92 1} 35[0

WRITESTR 0BJ 107 10-13-92  2:04p

WRITESTR EXE 520 10-13-92 2:07p

WRITESTR COM 8 10-13-92 2:12p
4 file(s) 708 bytes

1179648 bytes free

C>

Type writestr to run the COM version and verify that your program functions
properly (recall that it should print an asterisk on your screen). The exact sizes

DOS reports for the first three files may vary a bit.

The results may seem a little anticlimactic, because it looks as though you are
back where you were in Chapter 3. You are not; you have gained a great deal.
It will become much clearer when you deal with calls again. Notice that you
never once had to worry about where your program was put in memory, as

you did about IP in Debug. The addresses were all taken care of for you.

Very soon you will appreciate this feature of the assembler: it will make pro-
gramming much easier. For example, recall that in the last chapter you wasted
space by placing your main program at 100h and the procedure you called at
200h. You will see that using the assembler allows us to place the procedure
immediately after the main program without any gap. First, let’s see how your
program looks to Debug.
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Looking at Writestr in Debug

To see how Debug reconstructs your program from the machine code of
WRITESTR.COM, read your COM file into Debug and unassemble it, as

follows:

C>DEBUG WRITESTR.COM

-U

397F:0100 B402 MoV AH, 02
397F:0102 B22A MOV DL,2A
397F:0104 CD21 INT 21
397F:0106 CD20 INT 20

This is exactly what you had in Chapter 3. This is all Debug sees in
WRITESTR.COM. The END and the two lines at the start of your source
file did not make it through at all. What happened to them?

These directives do not appear in the final machine-language version of the
program because they are for bookkeeping only. The assembler takes care of a
lot of bookkeeping at the cost of some extra lines. You will make good use of
directives to simplify your job. You will see how they affect your program
when you learn about segments in Chapter 11.

Using Comments

Because you are no longer operating directly with Debug, you are free to add
more to your program that the assembler sees but won’t pass on to the 80x86.
Perhaps the most important additions you can make are comments, which are
invaluable in making a program clear. In assembly language programs, you place
comments after a semicolon, which works like a single quotation mark () in
BASIC or the // in C++. The assembler ignores anything on the line after a
semicolon, so you can add anything you want. If you add comments to your
brief program you will see quite an improvement—you can understand this
program without having to think back and remember what each line means.
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.MODEL SMALL Many programmers
.CODE believe that well-
written code doesn’t
MOV AH, 2h ;Select DOS function 2, character output need comments
MoV DL, 2Ah ;Load the ASCII code for '*' to be printed because well-written
INT 21h ;Print it with INT 21h code is easy to
INT 20h ;And exit to DOS understand. Not!
While you may be
END able to understand

Using Labels for Code

To round off this chapter, let’s take a look at labels, which are another book-
keeping feature of the assembler that make programming smoother.

Until now, you had to give a specific address when jumping from one part of
a program to another with one of the jump commands. In everyday program-

what some code does
without comments,
you may not be able
to figure out why
the code is doing
what it is. Good
comments should
therefore say why
your code is doing
something, not just
what 1t'’s doing.

ming, inserting new instructions forces you to change the addresses in jump

instructions. The assembler takes care of this problem with lzbels—names you

give to the addresses of any instructions or memory locations. A label takes
the place of an address. As soon as the assembler sees a label, it replaces the
label with the correct address before sending it on to the 80x86, as in

Figure 8-2.

DIGIT1:

010C
010E
0111

0113

0111
JLE

suB DL
MOV CL
SHL DL,1

Figure 8-2: The assembler substitutes addresses for labels.
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Labels can be up to 31 characters long and can contain letters, numbers, and
any of the following symbols: a question mark (?), a period (), an az symbol
(@), an underline (_), or a dollar sign (8). They cannot start with a digit
(0 through 9), and a period can be used only as the first character.

As a practical example, let’s take a look at your program from Chapter 6 that
reads a two-digit hex number. It contains two jumps, JLEO111 and JLE 011F.
The old version is as follows:

3985:0100
3985:0102
3985:0104
3985:0106
3985:0109
3985:010C
3985:010E
3985:0111
3985:0113
3985:0115
3985:0117
3985:0119
3985:0118B
3985:011D
3985:011F
3985:0121

The function of this program is not obvious. If this program is not fresh in
your mind, it may take a while for you to understand it again. Adding com-
ments and labels makes this program much easier to understand as follows:

B401
cD21
88C2
80EA30
80FAQ9
7EQ3
80EAQ7
B104
D2E2
CcD21
2C30
3C09
7EQ2
2C07
00Cc2
CD20

.MODEL SMALL

.CODE

MOV
INT
MOV
suB
CMP
JLE
sus

DIGIT1:

MoV
SHL

110

AH, 1h
21h

DL,AL
DL,30h
DL,9h
DIGITH
DL,7h

CL,4h
DL,CL

MOV
INT
MoV
Sus
CMP
JLE
SuB
MOV
SHL
INT
SuB
CMP
JLE
Sus
ADD
INT

AH, 01
21
DL,AL
DL,30
DL,09
0111
DL,07
CL,04
DL,CL
21
AL,30
AL, 09
011F
AL,07
DL, AL
20

;Select DOS function 1, character input

;Read a character, and return ASCII code in AL
;Move ASCII code into DL

;Subtract 30h to convert digit to @0 - 9

;Was it a digit between Q@ and 9?

;Yes, we have the first digit (four bits)

;No, subtract 7h to convert letter A - F ‘

;Prepare to multiply by 16
;Multiply by shifting, becomes upper four bits
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INT 21h ;Get next character
SuB AL, 30h ;Repeat conversion
CMP AL,S8h ;Is it a digit @ - 9?2
JLE DIGIT2 iYes, so we have the second digit
sus AL,7h ;NO, subtract 7h
DIGIT2:
ADD DL, AL ;ADD second digit
INT 20h ;And exit
END

The labels here, DIGIT1 and DIGIT2, are of a type known as NEAR labels,
because a colon (:) appears after the labels when they are defined. The term
NEARhas to do with segments, which we will cover in Chaprer 11 along with
the MODEL, and CODE directives. If you assembled the preceding program
and then unassembled it with Debug, you would see DIGIT1 replaced by
0111h and DIGIT?2 replaced by 011Fh.

Summary

This has been quite a chapter. In a way, it is as if you have stepped into a new
world. The assembler is much easier to work with than Debug, so you can now
begin to write real programs because the assembler does much of the book-
keeping for you.

What have you learned here? You began by learning how to create a source file
and then you went through the steps of assembling, linking, and converting it
from an OB} file to an EXE, and then a COM file, using a simple program
from Chapter 3. The assembly language program you created contained a few
directives that you have never seen before, but which will become familiar once
you have become more comfortable using the assembler. In fact, you will place
MODEL, CODE, and END directives in all of your programs from now on,
because they are needed, even though it will not be apparent why until
Chapter 11.
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Writing
Procedures
In Assembly
Language

ln this chapter you will learn how to write procedures in assembly language.
This is much easier than writing them in machine language. You will also build
the WRITE_CHAR and WRITE_HEX procedures, which you will use to
build the Dskpatch program.

Files altered: VIDEO_10.ASM
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Now that you have met the assembler, it is time to become more comfort-
able writing assembly language programs. In this chapter, we will return to
the subject of procedures. You will see how to write procedures much more
easily with the help of the hard-working assembler. Then, you will move on to
building some useful procedures, which you will use when you develop your
Dskpatch program in later chapters.

You will begin with two procedures to print a byte in hexadecimal. Along the
way, you will meet several more directives. But, like MODEL, CODE, and
END in Chapter 8, they will be left mostly undefined until Chapter 11, where

you will learn more about segments.

The Assembler’s Procedures

When we first mentioned procedures, we left a large gap between the main
program and its procedures so that we would have room for changes without
having to worry about our main program overlapping a procedure. Now you
have the assembler. Because it does all the work of assigning addresses to in-
structions, you no longer need to leave a gap between procedures. With the
assembler, each time you make a change, you just assemble the program again.

You built a small program with one CALL in Chapter 7. The program did
nothing more than print the letters A through J. It appeared as follows:

3985:0100 B241 Mov DL, 41
3985:0102 B90A0Q MoV CX,000A
3985:0105 E8BF80Q CALL 0200
3985:0108 FEC2 INC DL
3985:010A E2F9 LOOP 0105
3985:010C CD20 INT 20
3985:0200 8402 MoV AH, 02
3985:0202 CD21 INT 21
3985:0204 C3 RET

Let’s turn this into a program for the assembler. It will be hard to read without
labels and comments, so add those embellishments to make your program far
more readable as shown in Figure 9-1.

e — e
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Listing 9-1 The Program PRINTAJ.ASM

.MODEL SMALL
.CODE
PRINT_A_J PROC
MoV DL, 'A’ ;Start with the character A
MOV CcX,10 ;Print 10 characters, starting with A
PRINT_LOOP:
CALL WRITE_CHAR ;Print character
INC DL ;Move to the next char in the alphabet
LOOP PRINT_LOOP ;Continue for 10 characters
INT 20h yReturn to DOS
PRINT_A_J ENDP
WRITE_CHAR PROC
MoV AH, 2 ;Set function code for character output
INT 21h ;Print the character already in DL
RET sReturn from this procedure
WRITE_CHAR ENDP
END PRINT_A_J

There are two new directives here: PROC, and ENDP. PROC and ENDP
are directives for defining procedures. As you can see, both the main program
and the procedure that was at 200h are surrounded by matching pairs of the

directives PROC and ENDP.
PROC defines the beginning of a procedure; ENDP defines the end. The la-

bel in front of each is the name you give to the procedure they define. Thus, in
the main procedure, PRINT_A_], you can replace your CALL 200 instruc-
tion with the more readable CALL WRITE_CHAR. Just insert the name of
the procedure, and the assembler assigns the addresses without a gap between
procedures.

Because you have two procedures, you need to tell the assembler which to use
as the main procedure—where the 80x86 should start executing your program.
The END directive takes care of this detail. By writing END PRINT_A_]J,
you tell the assembler that PRINT_A_] is the main procedure. Later, you will
see that the main procedure can be anywhere. Right now, however, you are
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dealing with .COM files, and you will need to place the main procedure first

in our source file.

Now you are ready to begin. If you haven’t done so yet, enter the program
into a file called PRINTA]J.ASM and generate the .COM version, by using
the same steps you did in the last chapter. Remember that you need to use
different syntax in place of ML if you are using the Turbo Assembler.

ML /C PRINTAJ.ASM
LINK PRINTAJ;
EXE2BIN PRINTAJ PRINTAJ.COM

Then give Printaj a try. Make sure you have run Exe2bin before you run Printaj.
Otherwise, you will end up running the EXE version of Printaj, which will
crash when it encounters the INT 20h instruction for reasons you will see in
Chapter 11.

When you are satisfied, use Debug to unassemble the program and see how
the assembler fits the two procedures together. Recall that you can read a par-
ticular file into Debug by typing its name as part of the command line. For

example, type DEBUG PRINTAJ.COM and see the following:

-U

3985:0100 B241 MOV DL, 41
3985:0102 B90A0DO MoV CX, 000A
3985:0105 E80600 CALL Q10E
3985:0108 FEC2 INC DL
3985:010A E2F9 LOOP 0105
3985:010C CD20 INT 20
3985:010E B402 Mov AH, @2
3985:0110 CD21 INT 21
3985:0112 C3 RET

The program is nice and snug, with no gap between the two procedures, as
shown in Figure 9-1.

The Hex-Output Procedures

You have seen hex-output procedures twice before: once in Chapter 5, where
you learned how to print a number in hex, and again in Chapter 7, where you
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Listing 9-2 continued

INT 20h ;Return to DOS
TEST_WRITE_HEX ENDP

PUBLIC WRITE_HEX
; This procedure converts the byte in the DL register to hex and writes ;
; the two hex digits at the current cursor position.
i
; On Entry: DL Byte to be converted to hex.
H
; Uses: WRITE_HEX_DIGIT

WRITE_HEX PROC ;Entry point

PUSH cX ;Save registers used in this
procedure

PUSH DX
MoV DH,DL ;Make a copy of byte
MOV CX,4 ;Get the upper nibble in DL
SHR DL,CL
CALL WRITE_HEX_DIGIT ;Display first hex digit
MOV DL,DH ;Get lower nibble into DL
AND DL,OFh ;Remove the upper nibble
CALL WRITE_HEX_DIGIT ;Display second hex digit
POP DX
POP cX
RET

WRITE_HEX ENDP

PUBLIC WRITE_HEX_DIGIT

; This procedure converts the lower 4 bits of DL to a hex digit and H
; writes it to the screen. H

; On Entry: DL Lower 4 bits contain number to be printed

H in hex. ;
H H
; Uses: WRITE_CHAR g

WRITE_HEX_DIGIT PROC

PUSH DX ;Save registers used
CMP DL, 10 ;Is this nibble <10?
JAE HEX_LETTER ;No, convert to a letter
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ADD DL,"0" ;Yes, convert to a digit

JMP Short WRITE_DIGIT ;Now write this character
HEX_LETTER:

ADD DL, "A"-10 ;Convert to hex letter
WRITE_DIGIT:

CALL WRITE_CHAR ;Display the letter on the screen

POP DX ;Restore old value of DX

RET

WRITE_HEX_DIGIT ENDP

PUBLIC WRITE_CHAR

; This procedure prints a character on the screen using the DOS H
; function call. :

; On Entry: DL Byte to print on screen.
pecacceeccoooooao o e e R R R R © g © ° oo ooc0ac000-0 B
WRITE_CHAR PROC
PUSH AX
MOV AH,2 ;Call for character output
INT 21h ;Output character in DL register
POP AX ;Restore old value in AX
RET ;And return
WRITE_CHAR ENDP
END TEST_WRITE_HEX

The DOS function to print characters treats some characters specially. For
example, using the DOS function to output 07 results in a beep, without print-
ing the character for 07, which is a small diamond. You will see a new version
of WRITE_CHAR thart will print a diamond in Part III, where you will learn
about the ROM BIOS routines inside your IBM PC. For now, we will just
use the DOS function to print characters.

The new directive PUBLIC is here for future use. You will also use this direc-
tive in Chapter 13 when you learn about modular design. PUBLIC simply tells
the assembler to generate some more information for the linker. The linker
allows you to bring separate pieces of your program, assembled from different
source files, together into one program. PUBLIC informs the assembler that
the procedure named after the PUBLIC directive should be made public, or
available to procedures in other files.
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Right now, Video_io contains three procedures to write a byte as a hex num-
ber, as well as a short main program to test these procedures. You will be add-
ing many procedures to the file as you develop Dskpatch. By the end of this
book, VIDEO_IO.ASM will be filled with many general-purpose procedures.

The procedure TEST_WRITE_HEX that we have included does just
what it says: it tests WRITE_HEX, which uses WRITE_HEX_DIGIT and
WRITE_CHAR. As soon as you verify the accuracy of the function of these
three procedures, you will remove TEST_WRITE_HEX from
VIDEO_IO.ASM.

Create the COM version of Video_io, and use Debug to thoroughly test
WRITE_HEX. Change the 3Fh at memory location 101h to each of the
boundary conditions you tried in Chapter 5 (use the digits 0, 9, A, and F in
different combinations for each of the two digits), then use G to run
TEST_WRITE_HEX.

You will use many simple test programs to test new procedures that you have
written. In this way, you can build a program piece by piece, rather than build-
ing and debugging it all at once. This incremental method is much faster and
easier, because you confine bugs to the new code.

The Beginnings
of Modular Design

Note that ahead of each procedure in Video_io we have included a block of
comments briefly describing the function of each procedure. More importantly,
these comments tell which registers the procedure uses to pass information back
and forth, as well as what other procedures it uses. As one feature of your
modular approach, the comment block allows you to use any procedure by
looking at the description. There is no need to relearn how the procedure does
its work. This also makes it fairly easy to rewrite one procedure without hav-
ing to rewrite any of the procedures that call it.

We have also used PUSH and POP instructions to save and restore any regis-
ters used within each procedure. We will do this for every procedure we write,
except for test procedures. This approach, too, is part of the modular style you
will be using.
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Recall that we save and restore any register used so we never have to worry
about complex interactions between procedures trying to fight over the small
number of registers in the 80x86. Each procedure is free to use as many regis-
ters as it likes, provided it restores them before the RET instruction. It is a
small price to pay for the added simplicity. In addition, without saving and
restoring registers, the task of rewriting procedures would be mind-rending.
You would be sure to lose much hair in the process.

Also try to use many small procedures, instead of one large one. This makes
the programming task simpler, although sometimes we will write longer pro-
cedures when the design becomes particularly convoluted.

These ideas and methods will all be borne out more fully in the chapters to
come. In the next chapter, for example, we will add another procedure to
Video_io: a procedure to take a word in the DX register and print the number
in decimal on the screen.

A Program Skeleton

As you have seen in this and the preceding chapter, the assembler imposes a
certain amount of overhead on any programs you write. In other words, you
need to write a few directives that tell the assembler the basics. For future ref-
erence, the absolute minimum you will need for programs you write is as fol-
lows:

.MODEL SMALL
.CODE

Some_procedure PROC

INT 20h
Some_procedure ENDP

END Some_procedure

We will add some new directives to this program skeleton in later chapters.
You can use it, as shown here, as the starting point for new programs you write.
Or, you can use some of the programs and procedures from this book as your

starting point. 123
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Summary

You are really making progress now. In this chapter, you learned how to
write procedures in assembly language. From now on we will use procedures
all the time. By using small procedures, you will make your programs more
manageable.

You saw that a procedure begins with a PROC definition and ends with an
ENDP directive. We rewrote PRINT_A_] to test your new knowledge of pro-
cedures, then went on to rewrite our program to write a hex number—this
time with an extra procedure. Now that procedures are so easy to work with,
there is little reason not to break programs into more procedures. In fact, you
have seen ample reasons in favor of using many small procedures.

At the end of this chapter we talked briefly about modular design, a philoso-
phy that will save you a great deal of time and effort. Modular programs will
be easier to write and easier to read. They will also be easier for someone else
to modify than programs created with the well-worn technique of spaghetti
logic—programs written with very long procedures and many interactions.

Now you are ready to build another useful procedure. Then, in Chapter 11,
you will learn about segments. From there you will move on to developing
larger programs where you will really start to use the techniques of modular

design.







Printing in
Decimal 1

In this chapter you will build a subroutine to display a number in decimal
notation. You will use this subroutine later in the Dskpatch program. You will
also learn about a few tricks that assembly-language programmers often use in
their programs, mostly just for the fun of it. You will learn about the XOR
(exclusive or) and the OR instructions, as well as the SI and DI registers.
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We have been promising that we would write a procedure to take a word
and printit in decimal notation. WRITE_DECIMAL uses some new tricks—
ways to save a byte here and a few microseconds there. Perhaps such tricks will
hardly seem to be worth the effort. But if you memorize them, you will find
you can use them to shorten and speed up programs. Through these tricks,
you will also learn about two new types of logical operations to add to the AND
instruction covered in Chapter 5. First, let’s review the process for converting
a word to decimal digits.

Reviewing the
Conversion to Decimal

Division is the key to converting a word to decimal digits. Recall that the DIV
instruction calculates both the integer answer and its remainder. Calculating
12345/10 yields 1234 as the integer answer, and 5 as the remainder. In this
example, 5 is simply the rightmost digit. If you divide by 10 again, you will
get the next digit to the left. Repeated division by 10 szips off the digits from
right to left, each time putting a digit in the remainder.

The digits come out in reverse order, but in assembly-language programming,
there is a fix for that. Remember the stack? It is just like a stack of lunch trays:
The first one to come off the top is the last tray that was set down. If you sub-
stitute digits for trays, and place the digits one on top of the other as they come
out of the remainder, you will have it. You can pull out the digits in correct
order.

The top digit is the first digit in your number and the other digits are under-
neath it. So, if you push the remainders as you calculate them and print the
remainders as you pop them off the stack, the digits will be in correct order, as
shown in Figure 10-1.
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% | 12345

— Stack

4

B

Figure 10-1: PUSHing the Digits onto the Stack Reverses Their Order.

The following program is the complete procedure to print a number in deci-
mal notation. As mentioned, there are a few tricks hiding in this procedure.
You will get to them soon enough, but let’s try WRITE_DECIMAL to see if
it works.

Place WRITE_DECIMAL into VIDEO_IO.ASM (see Listing 10-10), along
with the proce-dures for writing a byte in hex. Make sure you place
WRITE_DECIMAL after TEST_WRITE_HEX, which you will be replac-
ing with TEST_WRITE_DECIMAL. To save some work,
WRITE_DECIMAL uses WRITE_HEX_DIGIT to convert one nibble (four
bits) into a digit.

Listing 10-1 Add to VIDEO_IO.ASM (Complete listing in
VIDEO_10.ASM; see also Listing 10.2)

PUBLIC WRITE_DECIMAL

; This procedure writes a 16-bit, unsigned number in decimal notation. ;

continues
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Listing 10-1 continued

; On Entry:

WRITE_DECIMAL
PUSH
PUSH
PUSH
PUSH
MOV
MoV
XOR

NON_ZERO:
XOR
DIV
PUSH
INC
OR
JNE

DX N : 16-bit, unsigned number.

WRITE_HEX_DIGIT

PROC

AX : ;Save registers used here

CX

DX

SI

AX, DX

S1,10 ;Will divide by 1@ using SI
CX,CX ;Count of digits placed on stack
DX, DX ;Set upper word of N to @

SI ;Calculate N/1@ and (N mod 10)
DX ;Push one digit onto the stack
CcX ;One more digit added

AX, AX JN = 0 yet?

NON_ZERO ;Nope, continue

WRITE_DIGIT LOOP:

POP
CALL
LooP
END_DECIMAL :
POP
POP
POP
POP
RET
WRITE_DECIMAL

DX ;Get the digits
WRITE_HEX_DIGIT
WRITE_DIGIT_LOOP

SI
DX
CX
AX

ENDP

in reverse order

Notice that we have included a new register, the SI (Source Index) register. Later
you will see why it has been given that name. You will also meet its bro-
ther, the DI, or Destination Index register. Both registers have special uses, but
they can also be used as if they were general-purpose registers. Since
WRITE_DECIMAL needs four general-purpose registers, we used SI, even
though we could have used BX, simply to show that SI (and DI) can serve as

general-purpose registers if need be.
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Before you try out our new procedure, you need to make two other changes to
VIDEO_IO.ASM. First, remove the procedure TEST_WRITE_HEX, and

insert the test procedure, which follows, in its place as shown in Listing 10-2.

Listing 10-2 Replace TEST_WRITE_HEX in VIDEO_[O.ASM with
This Procedure (Complete listing in VIDEO_10.ASM)

TEST_WRITE_DECIMAL PROC

MoV DX, 12345

CALL WRITE_DECIMAL

INT 20h ;Return to DOS
TEST_WRITE_DECIMAL ENDP

This procedure tests WRITE_DECIMAL with the number 12345
(which the assembler converts to the word 3039h).

Second, you need to change the END statement at the end of
VIDEO_IO.ASM to read END TEST_WRITE_DECIMAL,
because TEST_WRITE_DECIMAL is now your main procedure.

Make these changes and give VIDEO_IO a whirl. Convert it to its .COM
version and see if it works. If it doesn’t, check your source file for errors. If you
are adventurous, try to find your bug with Debug.

Some Tricks and Shortcuts

Hiding in WRITE_DECIMAL are two tricks of the trade garnered from the
people who wrote the ROM BIOS procedures you will meet in Chapter 17.
(IBM used to print the source code for their ROM BIOS, but that kind of
sharing is a thing of the past.) The first is an efficient instruction to set a reg-
ister to zero. It is not much more efficient than MOV AX,0, and perhaps it is
not worth the effort, but it is the sort of trick you will find people using, so
here it is. The following instruction sets the AX register to zero.
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XOR AX, AX

How? To understand that, we need to learn about the logical operation called
an Exclusive OR, hence the name XOR.

The exclusive OR is similar to an OR (which you will see next), but the result
of XORing two trues is true if only one bit is true, not if both are true.

XOR | © 1
0 0 1
1 1 0

Thus, if you exclusive OR a number to itself, you get zero:
1010 0101

XOR1011 0101
0000 00O0O

That is the trick. You won’t find other uses for the XOR instruction in this
book, but we thought you would find it interesting.

As a short aside, you will also find many people using another quick trick to
set a register to zero. Rather than using the XOR instruction, we could have
used the following to set the AX register to zero:

SuB AX, AX

Now for the other trick. It is just about as devious as our XOR scheme to clear
a register, and it uses a cousin to the exclusive OR—the OR function.

We want to check the AX register to see if it is zero. To do this, we could use
the instruction CMP AX,0. But we would rather use a trick: It’s more fun,
and a little more efficient, too. So, we write OR AX,AX and follow this in-
struction with a JNE (Jump if Not Equal) conditional jump. (We could also
have used JNZ—Jump if Not Zero.)

The OR instruction, like any of the math instructions, sets the flags, includ-
ing the zero flag. Like AND, OR is a logical concept. But here, a result is true
if one OR the other bit is true.




10 7J Printing in Decimal

If we take a number and OR it o itself, you get the original number back again:

OO 1)
OR 1011 0101
1011 0101

The OR instruction is also useful for setting just one bit in a byte. For example,
we can set bit 3 in the number we just used:

1011 0101
OR 0000 1000
1011 1101

There will be more tricks to play before you are through with this book, but
these two are the only ones that are entirely for fun.

The Inner Workings
of WRITE_DECIMAL

To see how WRITE_DECIMAL performs its task, study the listing; we won’t

cover many details here. However, we do need to point out a few more things.

First, the CX register is used to count how many digits you pushed onto the
stack, so you know how many to remove. The CX register is a particularly
convenient choice, because you can build a loop with the LOOP instruction
and use the CX register to store the repeat count. This choice makes the digit-
output loop (WRITE_DIGIT_LOOP) almost trivial, because the LOOP
instruction uses the CX register directly. You will use CX often when you
have to store a count.
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Next, be careful to check the boundary conditions here. The boundary condi-
tion at 0 isn’t a problem, as you can check. The other boundary condition
is 65535, or FFFFh, which you can check easily with Debug. Just load
VIDEO_IO.COM into Debug by typing DEBUG VIDEQ_IO.COM and
change the 12345 (3039h) at 101h to 65535 (FFFFh). (WRITE_DECIMAL
works with unsigned numbers. See if you can write a version to display signed
numbers.)

You may have noticed a sticky point here, having to do with the 80x86, not
your program. Debug works mostly with bytes (at least the E command does),
but you want to change a word. You must be careful, since the 80x86 stores
the bytes in a different order. An unassemble for the MOV instruction is as
follows:

3985:0100 BA3930 MoV DX, 3039

You can tell from the BA3930 part of this display that the byte at 101h is 39h,
and the one at 102h is 30h (BA is the MOV instruction). These two bytes are
the two bytes of 3039h, but seemingly in reverse order. Confusing? The order
is logical, after a short explanation.

A word consists of two parts, the lower byte and the upper byte. The lower
byte is the least significant byte (39h in 3039h), while the upper byte is the
most significant byte (30h) as you can see in Figure 10-2. It makes sense, then,
to place the lower byte at the lower address in memory. (Many other com-
puter architectures, such as the Motorola 680x0 family used in the Apple
Macintosh, actually reverse these two bytes, and this can be a bit confusing if
you are writing programs on several different types of computers.)

Try different numbers for the word starting at 101h, and you will see how this
storage works. Use TEST_WRITE_DECIMAL to see if you got it right, or

unassemble the first instruction.
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MOV  DX,3039

0102: | 30

3039h

0101: | 39

. | «_ MOV
0100: | BA instruction

Figure 10-2: The 80x86 Stores Numbers with the Lower Byte First in Memory.

Summary

You added a few new instructions to your repertoire, as well as a few tricks for
fun. You also learned about two other registers, ST and DI, that you can use as
general-purpose registers. They have other uses that you will see
in later chapters.

You learned about the XOR and OR logical instructions, which allow you to
work between individual bits in two bytes or words. In your WRITE_DECIMAL
procedure, you used the XOR AX,AX instruction as a tricky way to set the
AX register to zero. You used OR AX,AX as a devious way to write the
equivalent of CMP AX,0 to test the AX register and see if it is zero. Finally,
you learned about how the 80x86 stores a word in memory by checking
the boundary conditions of your new procedure, WRITE_DECIMAL.

You now have another general-purpose procedure, WRITE_DECIMAL, that

you will be able to use in the future for your own programs.

Take a breather now. We've got a few different chapters scheduled next. Chapter
11 covers segments in detail. Segments are perhaps the most complicated part
of the 80x86 microprocessor, so the chapter may prove to be rather heavy going.
Even so, we need to cover the topic for following chapters.
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Segments

ln this chapter you will learn about segments, which are very important to
assembly-language programs. From here on, you will always build EXE, rather
than COM, programs. These programs use at least two segments. You will also
learn about the PSP (Program Segment Prefix), about the DOSSEG directive
for controlling segment order, about NEAR and FAR calls for working with
large programs, and more about how INT instructions work.
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ln the preceding chapters, you encountered several directives that dealt with
segments. Now the time has come to look at segments themselves, and at how
the 80x86 manages to address a full megabyte (1,048,576 bytes) of memory
under DOS. From this, you will begin to understand why segments need their
own directives in the assembler, and in later chapters you will begin to use
different segments (thus far, you have used only one).

Let’s start at the 80x86 level by learning how it constructs the 20-bit addresses
needed for a full megabyte of memory.

How Memory Is Divided
into Segments

Segments are about the only part of the 80x86 that you have not covered yet.
They are, perhaps, the most confusing part of this microprocessor. In fact,
segments are what you call a #/udge in this business—computerese for a make-
shift fix to a problem. The 80386 and 80486 microprocessors have additional
addressing modes that are much simpler and do not use segments. Unfortu-
nately DOS does not use this mode (the WIN32s programming kit for Win-
dows does allow you to use this /inear addressing mode).

The problem, in this case, is being able to address more than 64K of memory—
the limit with one word, since 65535 is the largest number a single word can
hold. Intel, designers of the 80x86, used segments and segment registers to “fix”
this problem, and in the process made the 80x86 more confusing.

So far, you have not had to worry about this problem. You have been using
the IP register to hold the address of the next instruction for the 80x86 to
execute ever since you met Debug in Chapter 2. Back then, you may recall we
said the address is actually formed from both the CS register and the IP regis-
ter. But we never really said how. Let’s find out.

Although the complete address is formed from two registers, the 80x86 does
not form a two-word number for the address. If you were to take CS:IP as a
32-bit number (two 16-bit numbers side by side), the 80x86 would be able to
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address about four billion bytes—far more than the one million bytes it can
actually address in DOS. The 80x86’s method is slightly more complicated.
The CS register provides the starting address for the code segment, where a
segment is 64K of memory.

As you can see in Figure 11-1, the 80x86 divides memory into many overlap-
ping segments, with a new segment starting every 16 bytes. The first segment
(segment 0) starts at memory location 0; the second (segment 1) starts at 10h

(16); the third stares at 20h (32), and so on.

EOOOO:OOOO

65,535

| 0000:FFFF

0001:FFFF |

Figure 11-1: Overlapping segments start every 16 bytes and are 65536 bytes long.

The actual address is just CS * 16 + IP. For example, if the CS register
contains 3FA8 and IP contains D017, the absolute address is evident as
follows.

CS*16 : 00111111101010000000
+ IP :1 1010000000101 11 1
01001100101010010111
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We multiplied by 16 by shifting CS left four bits and injecting zeros ar the

right, as you can see in Figure 11-2.

< [olo[*[afa[+[]+]*]o[1]o]*[o[o]o] Segment (CS)

+ [1]1]o]1]o]o]o]o[o]o]o]1]o1]1]1] oftset ar)

01001100101010010111

Figure 11-2: The absolute address of CS:IP is CS * 16 + IP.

Now, this may seem like a strange way to address more than 64K of memory—
but it works. Soon, you will begin to see how well it really works.

The 80x86 has four segment registers: CS (Code Segment), DS (Data Seg-
ment), SS (Stack Segment), and ES (Extra Segment). The CS register you have
been looking at is used by the 80x86 for the segment where the next instruc-
tion is stored. In much the same way, DS is the segment where the 80x86 looks
for data, and SS is where the 80x86 places the stack.

Before we go on, let’s look at a short program, which is quite different from
any you have seen before. This short program uses two different segments. Enter

this program into the file TEST_SEG.ASM as follows:

Listing 11-1 The Program TEST_SEG.ASM
(Not included on disk)

DOSSEG
.MODEL SMALL

.STACK ;Allocate a 1K stack

.CODE

TEST_SEGMENT PROC
MoV AH,4Ch ;Ask for the exit-to-dos function
INT 21h ;Return to DOS

TEST_SEGMENT ENDP

END TEST_SEGMENT




Assemble and link Test_seg, but do not generate a COM file for it. (If you are
using MASM 6 or later, you can type “ML TEST_SEG.ASM” to both assemble
and link in one step!) The result will be TEST_SEG.EXE, which is slighcly

different from a COM file.

3985:0000

PSP

3995:0000

Code Segment

3997:0000

Stack Segment

Figure 11-3: Memory layout for TEST_SEG.EXE.

il

— 100h bytes

20h bytes

You have to use a method other than INT 20h in order to exit from EXE
files. For COM files, INT 20h works perfectly well, but it doesn’t work
atall for EXE files because the organization of segments is very different,
as you will see in this chapter; more on this difference later. From now
on you will use INT 21h, function 4Ch to exit programs.

) Segments

o
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When you use Debug on a COM file, Debug sets all the segment registers to
the same number, with the program starting at an offser of 100h from the start
of this segment. The first 256 bytes (100h) are used to store various pieces of
information. Although this area does not contain much you will need, we will
look at part of this area soon.

Try loading TEST_SEG.EXE into Debug to see what happens with segments
in an EXE file.

C>DEBUG TEST_SEG.EXE

-R

AX=0000 BX=0000 CX=0004 DX=0000 SP=0400 BP=0000 SI=0000 DI=0000
DS=3985 ES=3985 SS=3997 (S=3995 IP=0000 NV UP EI PL NZ NA PO NC
3995:0000 B44C MoV AH,4C

The values of the SS and CS registers are different from those for DS and ES

as you can also see in Figure 11-3.

The Stack

Two segments are defined in this program. The STACK segment (which is
actually the data segment) is where you place the stack (hence, the .STACK),
and the code segment (which is actually called _TEXT) is where all your in-
structions are stored. The .STACK directive tells the assembler to create a 1024
byte stack. (You could create a larger or smaller stack by putting a number after
.STACK. For example, STACK 128 would create a stack 128 bytes long.)

The address for the top of the stack is given by SS:SP. SP is the Stack Pointer,
like IP is the instruction pointer for code, and is an offset within the current
Stack Segment.

Actually, “top-of-stack” is a misnomer, because the stack grows from high
memory toward low memory. Therefore, the top of the stack is really at the
bottom of the stack in memory, and new entries to the stack are placed pro-
gressively lower in memory. Here, SP is 400h, which is 1024 decimal, because
you defined a stack area 1024 bytes long. You haven’t placed anything on the
stack as yet, so top-of-stack is still at the top of the memory you set aside for
the stack: 400h.



Uil Segments

If you think back to the COM programs in previous chapters, you never de-
clared a stack segment, which raises two questions: Why didn’t you have to
declare a stack segment for COM programs? And where was the stack in the
COM programs? All the COM programs you created had only one segment,
and all the segment registers (CS, DS, ES, and SS) pointed to this segment.
Since you had just one segment, you didn’t need a separate stack segment. As
to where the stack was, if you look at the register display for WRITESTR.COM,
you will see the stack is at the very end of the segment (SP = FFEE). The stack
is as follows:

R

AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000

DS=3995 ES=3995 §SS=3995 (S=3995 IP=0100 NV UP EI PL NZ NA PO NC
3995:0100 B402 MoV AH, 02

DOS always sets the stack pointer to the very end of the segment when it loads
a COM file into memory. For this reason, you do not need to declare a stack
segment (with .STACK) for COM files. What would happen if you removed
the .STACK directive from TEST_SEG.ASM?

C>DEBUG TEST_SEG.EXE

-R

AX=0000 BX=0000 CX=0004 DX=0000 SP=0000 BP=0000 SI=0000 DI=0000
DS=3985 ES=3985 SS=3995 (S=3995 1IP=0000 NV UP EI PL NZ NA PO NC
3090:0000 B44C MoV AH, 4C

The stack is now at 3995:0, which is the start of your program (CS:0). This is
very bad news. You do not want the stack anywhere near your program’s code.
Since the stack pointer is at SS:0, it has no room to grow (since the stack grows
down in memory). For these reasons, you mustdeclare a stack segment for EXE
programs.

Getting back to the two-segment example, notice that the Stack Segment (SS)
is segment number 3997 (this will probably be different for you), while our
Code Segment (CS) is at segment 3995—two less than SS, or just 32 bytes
lower in memory. Since we did not put any data into the stack segment,
unassembling starting at CS:0 will show our program (MOV AH,4C and
INT 21) followed by whatever happened to be in memory.

Always declare a
stack segment with
STACK in EXE

pr ograms.
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-U CS:0

3995:0000 B44C MOV AH, 4C
3995:0002 CD21 INT 21
3995:0004 65 DB 65
3995:0005 2028 AND [BX+SI],CH
3995:0007 59 POP X
3995:0008 2F DAS

3995:0009 4E DEC SI
3995:000A 293F SUB (BX],DI

You will almost certainly see different instructions after the INT 21h in this
Debug listing.

The Program Segment Prefix
(PSP)

The “scrarch area”is  In looking at the register display, you may have noticed that the ES and DS

actually called a registers contain 3985h, 10h less than the beginning of the program at seg-

g;]:n i];;o;g):;';) g ment 3995h. Multiplying by 16 to get the number of bytes you can see thar
contains informa- there are 100h (or 256) bytes before your program starts. This is the same

tion for use by DOS.  scratch area placed at the beginning of a COM file.
In other words, do

nov asstime you can Among other things, this 256 byte PSP at the start of programs contains char-
make use of this acters typed after the name of the program, starting at 80h from the start of
area. the PSP. For example:

C>DEBUG TEST_SEG.EXE And now for some characters you will see in the memory dump
-D DS:80

3985:0080 39 20 41 6E 64 20 6E 6F-77 20 66 6F 72 20 73 6F 9 And now for so
3985:0090 6D 65 20 63 68 61 72 61-63 74 65 72 73 20 77 65 me characters we
3985:00A0 27 6C 6C 20 73 65 65 20-69 6E 20 74 68 65 20 6D ‘11 see in the m
3985:00B0 65 6D 6F 72 79 20 64 75-6D 70 0D 20 6D 65 6D 6F emory dump. memo
3985:00C0 72 79 20 64 75 6D 70 0D-00 00 00 00 00 00 00 00 ry dump.........
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The first byte says you typed 39h (or 57) characters, including the first space
after TEST_SEG.EXE. You won’t use this information in this book, but it
helps show why you might want such a large PSP.

The PSP also contains information that DOS uses when exiting from a pro-
gram, with either the INT 20h or the INT 21h, function 4Ch instructions.
For reasons that are not clear, the INT 20h instruction expects the CS register
to point to the start of this PSP, which it does fora COM program but #oz for
an EXE program. The exit function (INT 21h, function 4Ch) was added to
DOS with the introduction of version 2.00 to make it easier to exit from EXE
programs; function 4Ch does not expect the CS register to point to the start
of the PSP. You should use INT 21h, function 4Ch from now on to exit pro-

grams.

The code for COM files always starts at an offset of 100h in the code segment
to leave room for this 256-byte PSP art the start. This is unlike the EXE file,
which had its code start at IP = 0000, because the code segment started 100h
bytes after the beginning of the area in memory.

In the early days of DOS, most programs were written as COM programs
because they were slightly simpler to write. But today, almost all programs are
written as EXE programs. So in the rest of this book, we will be working al-
most entirely with EXE programs. Figure 11-4 summarizes the differences

between COM and EXE programs.

The DOSSEG Directive

If you take a look again at TEST_SEG.EXE, you will notice that the stack
segment is higher in memory than the code segment. Yet in the source file you
defined the stack (STACK) before any of the code ((CODE). So why is the
stack higher in memory than the code?

The DOSSEG directive at the start of the program tells the assembler that you
want the segments of your program loaded in a very specific order with the
code segment appearing first, and the stack last. In Chapter 14 you will see
more about DOSSEG and the order of segments when you add another seg-
ment to hold data.
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NEAR and FAR CALLs

The rest of the information in this chapter is purely for your interest, since
you won't be making use of it in this book. Skip the next two sections and
read them later if you find the going tough or you are anxious to get back to
programming.

Let’s step back for a minute and take a closer look at the CALL instructions
used in previous chapters. Specifically let’s look at the short program in Chap-
ter 7, where you first learned about the CALL instruction. You wrote a very
short program that looked like the following (without the procedure at 200h):

3985:0100 B241 MoV DL, 41
3985:0102 B90A0O MoV CX, 000A
3985:0105 E8F800 CALL 0200
3985:0108 E2FB LOOP 0105
3985:010A CD20 INT 20

As you can see by looking at the machine code on the left, the CALL instruc-
tion occupies only three bytes (E8F800). The first byte (E8h) is the CALL
instruction and the second two bytes form an offset. The 80x86 calculates the
address of the routine you are calling by adding this offset of 00F8h (remem-
ber that the 80x86 stores the lower byte of a word in memory before the high
byte, so you have to reverse the bytes) to the address of the next instruction
(108h in the program). In this case you have F8h + 108h = 200h.

The fact that this instruction uses a single word for the offset means that CALLs
are limited to a single segment, which is 64K bytes long. So how is it that you
can write a program like Lotus 1-2-3 that is larger than 64K? By using FAR,
rather than NEAR, calls.

NEAR CALL:s are limited to a single segment. In other words, they change
the IP register without affecting the CS register. For this reason they are some-
times known as intrasegment CALLs.

You can also have FAR CALLs that change both the CS and IP registers. Such
CALLs are often known as intersegment CALLs because they call procedures

in other segments.

Going along with these two versions of the CALL instruction are two versions

of the RET instruction. The NEAR CALL, as you saw in Chapter 7, pushes a
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single word onto the stack for its return address. The corresponding RET in-
struction pops this word off the stack and into the IP register.

In the case of FAR CALLs and RETs, a word is not sufficient because we're
dealing with another segment. In other words, you need to save a two-word
return address on the stack: one word for the instruction pointer (IP) and the
other for the code segment (CS). The FAR RET pops two words off the stack—
one for the CS register, and the other for IP.

How does the assembler know which of these two CALLs and RETs to use?
When should it use the FAR CALL, and when should it use the NEAR CALL?
By putring a NEAR or FAR directive after the PROC directive. By way of
example, look at the following program:

PROC_ONE PROC  FAR
RET

PROC_ONE ENDP

PROC_TWO PROC  NEAR

CALL  PROC_ONE

RET
PROC_TWO ENDP
When the assembler sees the CALL PROC_ONE instruction, it hunts in its
table for the definition of PROC_ONE, which, is PROC_ONE PROC FAR.
This definition tells whether the procedure is a NEAR or FAR procedure.

In the case of a NEAR procedure, the assembler generatesa NEAR CALL. And
conversely, it generates a FAR CALL, as shown in Figure 11-5, if the proce-
dure you’re calling was defined as a FAR procedure. In other words, the as-
sembler uses the definition of the procedure that you're calling to determine

the type of CALL instruction that is needed.

For the RET instruction, the assembler looks at the definition of the proce-
dure that contains the RET instruction. In your program, the RET instruc-
tion for PROC_ONE will be a FAR RET, as shown in Figure 11-6, because
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PROC_ONE is declared to be a FAR procedure. Likewise, the RET in

PROC_TWO isa NEAR RET.

PROC_TWO PROC NEAR

CALL PROC_ONE €*—— FAR CALL
RET
PROC_TWO ENDP
PROC_ONE PROC FAR
RET
PROC_ONE ENDP
Figure 11-5: The assembler produces a FAR CALL.
FAR

PROC_ONE PROC

PROC_ONE ENDP

RéT «——/JAFAR

Return

Figure 11-6: The assembler produces a FAR RET.

What happens when you don’t puta NEAR or FAR directive after the PROC?
The assembler uses the information in the MODEL directive to determine
whether procedures are NEAR or FAR if you don’t explicitly declare a proce-
dure as NEAR or FAR. We're using the MODEL SMALL directive, which
tells the assembler that you have only one code segment, so all the procedures
are NEAR procedures. There are other MODEL directives (such as
MEDIUM) that tell the assembler to make procedures FAR if they are not

explicitly declared as NEAR.
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More on the INT Instruction

The INT instruction is much like a CALL instruction, but with a minor dif-
ference. The name /NT comes from the word interrupt. An interrupt is an
external signal that causes the 80x86 to execute a procedure and then return
to what it was doing before it received the interrupt. An INT instrucrion doesn’t
interrupt the 80x86, but it is treated as if it did.

When the 80x86 receives an interrupt, it needs to store more information on
the stack than just the two words for the return address. It has to store the
values of the status flags—the carry flag, the zero flag, and so on. These values
are stored in the Flag Register, and the 80x86 pushes this information onto
the stack before the return address.

Your IBM PC regularly responds to a number of different interrupts. The 80x86
inside your IBM PC receives an interrupt from the clock 18.2 times every sec-
ond, for example. Each of these interrupts causes the 80x86 to stop what it is
doing and execute a procedure to count the clock pulses. Now, envision such
an interrupt occurring between the following two program instructions.

CcMP AH,2
JNE NOT_2

Assume AH = 2, so the zero flag will be ser after the CMP instruction, which
means that the JNE instruction will not branch to NOT_2.

Now, imagine that the clock interrupts the 80x86 between these two instruc-
tions. That means the 80x86 runs off to carry out the interrupt procedure before
it checks the zero flag (with the JNE instruction). If the 80x86 didn’t save and
restore the flag registers, the JNE instruction would use flags set by the inter-
rupt procedure, 7ot from your CMP instruction. To prevent such disasters,
the 80x86 always saves and restores the flag register for interrupts. An inter-
rupt saves the flags, and an IRET (/nterrupt Return) instruction restores the
flags at the end of the interrupt procedure. The same is true for an INT in-
struction. After executing the INT 21 instruction, the 80x86’s stack will look
like chis:

Top of stack — 01d IP (return address part I)

01d CS (return address part II)
01d Flag Register
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The stack grows into lower memory, so the Old Flag Register is actually high-
est in memory.

When you place an INT instruction in a program, the interrupt is no surprise.
Why save the flags? Isn’t saving the flags useful only when an external inter-
rupt comes at an unpredictable time? As it turns out, the answer is no. There
is a very good reason for saving and restoring the flags for INT instructions. In
fact, without this feature, Debug would not be possible.

Debug uses a special flag in the flag register called the Trap Flag. This flag puts
the 80x86 into a special mode known as single-step mode. Debug uses this to
trace through programs one instruction at a time. When the trap flag is set,
the 80x86 issues an INT 1 after it executes any instruction.

The INT 1 also clears the trap flag so the 80x86 won’t be in single-step mode
while you are inside Debug’s INT 1 procedure. Since INT 1 saved the flags to
the stack, issuingan IRET to return to the program you are debugging restores
the trap flag. Then, you will receive another INT 1 interrupt after the next
instruction in your program. This is just one example of when it is useful to
save the flag registers. But, as you will see next, this restore-flag feature isn’t
always appropriate.

Some interrupt procedures bypass the restoration of the flag registers. For ex-
ample, the INT 21h procedure in DOS sometimes changes the flag registers
by short-circuiting the normal return process. Many of the INT 21h proce-
dures that read or write disk information return with the carry flag set if there
was an error of some sort (such as no disk in the drive).

Interrupt Vectors

Where do these interrupt instructions get the addresses for procedures? Each
interrupt instruction has an interrupt number, such as the 21h in INT 21h.
The 80x86 finds addresses for interrupt procedures in a table of interrupt vec-
tors, which is located at the bottom of memory. For example, the two-word
address for the INT 21h procedure is at 0000:0084. You get this address by
multiplying the interrupt number by 4 (4 * 21h = 84h), because we need four
bytes (two words) for each vector or procedure address.
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Vectors are exceedingly useful for adding features to DOS because they en-
able you to intercept calls to interrupt procedures by changing the addresses
in the vector table. We will use this trick at the end of this book to add a disk
light to your computer’s screen.

All of these ideas and methods should become clearer as you see more examples.
Most of this book from here on will be filled with examples, so there will be
plenty to study. If you have been feeling a bit overwhelmed by new informa-
tion, rest easy. We will take a short breather in the next chapter to get re-
oriented and back on course.

Summary

This chapter contained a lot of information. You won'’t use it all, but you did
need to learn more about segments. Chapter 13 covers modular design, and
you will use some aspects of segments to make your job easier.

You began this chaprer by learning how the 80x86 divides memory into seg-
ments. To understand segments in more detail, you built an EXE program
with two different segments. You also learned that you need to use INT 21h,
function 4Ch rather than INT 20h to exit from EXE programs. This is im-

portant since you will be using EXE programs from now on in this book.

You also found that the 100h (256-byte) PSP (Program Segment Prefix) at
the start of your programs contains a copy of what you typed on the command
line. You won’t use this knowledge in this book, but it helps you see why DOS
sets aside such a large chunk of memory for the purpose.

Finally you learned more about the DOSSEG, MODEL, .CODE, STACK,
NEAR, and FAR directives. These are all directives that help you work with
segments. In this book, you will barely use the power of these directives, be-
cause our EXE programs will use only two segments. But for programmers who
write very large programs in assembly language (using the MEDIUM memory
model), these directives are invaluable. If you are interested, you will find the
details in your macro assembler manual.







Course
Corrections—
How To Build
Dskpatch

ln this chapter you will learn more about what is covered in the rest of this
book. In particular, you will look at the game plan you will use to build the
Dskpatch program that will be the center of attention until Part IV.

Files altered: None
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We have been poking into a lot of new and interesting places. You may have
wondered whether we have been wandering about somewhar aimlessly. We
haven’t been, of course. You are now familiar enough with your new surround-
ings for us to plot a course for the rest of this book. We will take a close look
at a design for the Dskpatch program. Then you will spend the rest of this
book developing Dskpatch, much as you will later develop programs of your
OowIn.

We will not present the finished version of Dskpatch all at once; that is not
the way we wrote it. Instead, we will present short test programs to check each
stage of your program as you write it. To do this, you need to know where you
want to go. Hence, our course correction here. Since Dskpatch will deal with
information on disks, that’s where you will begin.

Disks, Sectors,
and So Forth

The information on your floppy disks is divided into seczors. Each sector holds
512 bytes of information. A double-sided, double-density 5-1/4" disk format-
ted with DOS 2.0 or above has a total of 720 sectors, or 720 * 512 = 368,640
bytes (see Table 12-1 for other types of disks). If you could look directly at
these sectors, you could examine the directory directly, or you could look at
the files on the disk. You cannot—not by yourself—but Dskpatch will. Let’s
use Debug to learn more about sectors and get an idea of how you will dis-
play a sector with Dskpatch.

Debug has a command, L (Load), to read sectors from disk into memory
where you can look at the data. As an example, let’s look at the directory that
starts at sector 5 on a double-sided disk (use Table 12-1 to determine what
number to use for the directory if you have a different type of disk). Load sec-
tor 5 from the disk in drive A (drive 0 to Debug) by using the L command.
Make sure you have a 360K (or 1.2M, 720K, or 1.44M) disk in drive A, then

enter the following:

-L10@ @ 51
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Table 12-1 Starting Sector for the Root Directory

Disk Type

5-1/4", 360K
5-1/4", 1.2M
3-1/2", 720K

3-1/2", 1.44M

Scf(tm':/dis/e
720

2,400
1,440
2,880

Directory

Sh
Fh

7h

13h

As you can see in Figure 12-1, this command loads sectors into memory, starting

with sector 5 and continuing through one sector at an offset of 100 within

the data segment.

Address to load
segment at

Sector
number

-L 100 0 5 1

Disk drive
A=0

Figure 12-1: DEBUG’s Load Command.

To display sector 5, you can

-D 100

396F:
396F:
396F:
396F:
396F:
396F:
396F:
396F:

0100
0110
0120
0130
0140
0150
0160
0170

49
00
49
00
43
00
41
00

42
00
42
00
4F
20
53
00

4D
00
4D
00
4D
00
53
00

42
@0
44
20
4D
00
45
00

49
0
4F
0
41
00
4D
00

4F
00
53
00
4E
00
42
00

Number of

sectors to read

use a Dump command as follows:

20
00
20
00
44
00
4c
33

20-
60-
20-
60-
20-
60-
45-
9C-

43
68
43
68
43
68
52
BO

4F
06
4F
6
4F
6
20
06

4D
02
4D
07
4D
18
20
00

27
00
27
00
20
00
08
00

00
00
00
00
00
00
00
00

00
12
00
43
00
45
00
00

00
00
00
o0
00
00
00
00

00
00
00
00
00
00
00
00

IBMBIO COM'....

159



Assembly Language for the PC, Third Edition

160

-D

396F:0180 46 57 20 20 20 20 20 20-43 4F 4D 20 00 00 00 00 FW COM ....
396F:0190 00 00 00 00 00 00 00 00-6F 05 2A Q0 80 AF 00 00  ........ @57 c o/ oo
396F:01A0 46 57 20 20 20 20 20 20-4F 56 4C 20 00 00 Q0 00 FW OvVL ....
396F:01B0 00 00 00 00 00 00 Q02 00-72 05 56 00 81 02 @0 00 ........ [B6\/56 - o
396F:01C0 46 57 20 20 20 20 20 20-53 57 50 20 00 00 00 00 FW SWP ...
396F:01D0 00 00 00 00 00 00 9B 8A-FF 06 57 00 00 C8 00 @0 .......... W NSRS
396F:Q1EQ 43 4F 4E 46 49 47 20 20-44 41 54 20 00 00 00 00 CONFIG DAT ....
396F:01F@ 00 00 00 00 00 00 1D 82-A1 06 89 00 00 28 00 00 ........ oo d( - o

We will use a format much like this for Dskpatch, but with improvements.
Dskpatch will be the equivalent of a full-screen editor for disk sectors. You
will be able to display sectors on the screen and move the cursor about the sector
display, changing numbers or characters as you want. You will also be able to
write this altered sector back to the disk. That is why it is called Disk Patch—
actually Dskpatch, because you cannot have more than eight characters in
the name.

Dskpatch is the motivation for the procedures you will write. It is by no means
an end in itself. In using Dskpatch as an example for this book, we will also
manage to present many procedures that you will find useful when you attempt
to write your own programs. That means you will find many general-purpose
procedures for display output, display manipulation, keyboard input, and more.

Let’s take a closer look at some of the improvements you will make to Debug’s
sector dump. The display from Debug only shows the “printable” characters—
96 out of the 256 different characters that an IBM PC can display. Why is
that? This occurs because MS-DOS was designed to run on many different
computers, including computers that used simple computer terminals. The
author of Debug chose to show a period for all other characters. Most com-
puters are PC-compatibles, so there is no reason for Debug to continue to
restrict its display, but no one at Microsoft ever changed the code.

Dskpatch is for PC compatibles, so you can display all 256 different charac-
ters with a bit of work. Using the DOS function 2 for character output, You
can display almost all characters. However, DOS gives special meaning to some,
such as 7, which rings the bell. There are characters for special codes like 7,
and in Pare III you will learn how to display them.

We will also make heavy use of the function keys so that you can display the
next sector by pressing the F4 key. You will also be able to change any byte by
moving the cursor to that byte and typing in a new number. It will be just like
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using a word processor, where you can casily change characters. More of these
details will appear as you slowly build Dskpatch. Figure 12-2 shows what its
normal display will look like—a vast improvement over the display from

Debug.

Disk A Sector B

86 81 B2 43 84 BS B6 B7 B8 B9 BA BB BC BD BE BF B123456769ABCDEF

82 EG BB 48 BB FO 89 BB 12 BB A2 6O AP 66 PP 80 || Bx Bd=o t B

00 66 PP BB PO BB 29 F8 1R GE 48 42 52 41 44 59 )°+n@BRADY
30 || 26 20 20 20 28 28 46 41 54 31 32 28 2B 28 FA 33 FAT12 -3
48 || Ce 8E DB BC 8@ 7C 16 B7 BD 78 88 36 C5 37 1E 56 || AW i_.qx 6}7av
50 || 16 53 BF 3E 7C 89 BB BB FC F3 A4 B6 1F C6 45 FE [| -S,>:{|ld "¢ieVv|En
608 || @F BB BE 18 7C 88 4D F9 89 47 82 C7 87 3E 7C FB || %191 1eM -eCO)j+> i
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Press function key, or enter character or hex byte:

Figure 12-2: Example of Dskparch’s Display.

The Game Plan for
Building Dskpatch

In Chapter 13, you will learn how to break your program into many different
source files. Then, you will begin serious work on Dskpatch in Chapter 14. At
the end, you will have nine source files for Dskpatch that have to be linked
together. Even if you don’t enter and run all these programs now, they’ll be
here when you’re ready for them, or when you want to borrow some of the
general-purpose procedures. In any case, you will get a better idea of how to
write long programs as you read through the following chapters.

You have already created several useful procedures such as WRITE_HEX to
write a byte as a two-digit hex number and WRITE_DECIMAL to write a
number in decimal. Now, you will write some programs to display a block of
memory in much the same way Debug’s D command does. Start by display-
ing 16 bytes of memory, one line of Debug’s display, and then work toward
displaying 16 lines of 16 bytes each (half a sector). A full sector won’t fit on
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the display at one time with the format we have chosen, so Dskpatch includes
procedures for scrolling through a sector using the ROM BIOS—not DOS—
interrupts. That will come much later, though, after you have builta full-screen
display of half a sector.

Once you can dump 256 bytes from memory, you will build another proce-
dure to read a sector from the disk into our area of memory. You will dump
half a sector on the screen, and you will be able to use Debug to alter the pro-
gram, so you can dump different sectors. At that point, you will have a func-
tional, but not very attractive, display, so making it pretty comes next.

With a bit more work and some more procedures, you will rebuild the half-
sector display to be much more pleasing aesthetically. It still won’t be a full-
screen display, so it will just scroll past like Debug’s dump did. The full-screen
display will come next, and you will learn about the ROM BIOS routines
that allow you to control the display, move the cursor, etc. Then, you will be
ready to learn how to use more ROM BIOS routines to printall 256 different
characters.

Next will come the keyboard input and command procedures so you can start
interacting with Dskpatch. About that time you will also need another course
correction.

Summary

You have seen enough of the future here. You should have a better idea of
where we’re headed, so let’s move on to the next chapter. Chapter 13 will lay
the groundwork for modular design and teach you how to split a program
into different source files. Then, in Chapter 14, you will write test procedures
to display sections of memory.







Modular Design—
Building
Programs

in Pieces

ln this chapter you will learn how to break your programs into more than one
file. You will also learn more about modular design, which is the foundation
of well-organized programs. Finally, you will take a look at Microsoft’s Pro-
grammers Workbench, which is a nice environment for building complex

programs with many source files.

Files altered: VIDEO_IO.ASM and TEST.ASM

Disk files: VIDEO_13.ASM and TEST13.ASM
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Without modular design, Dskpatch wouldn’t have been much fun to write.
Using a modular design greatly eases the task of writing any but the smallest
program. This chapter sets some ground rules for modular design which will
be followed throughout the rest of the book. Let’s begin by learning how to
separate a large program into many different source files.

Separate Assembling

In Chapter 10, we added the procedure WRITE_DECIMAL to
VIDEO_IO.ASM, and we also added a short test procedure called
TEST_WRITE_DECIMAL. Let’s take this test procedure out of
VIDEO_IO.ASM and put it in a file of its own, called TEST.ASM. Then,
you will assemble these two files separately and link them together into one

program as shown in Listing 13-1. The TEST.ASM file is as follows:

Listing 13-1 The File TEST.ASM (TEST13.ASM)

DOSSEG
.MODEL SMALL

.STACK

.CODE
EXTRN  WRITE_DECIMAL:PROC

TEST_WRITE_DECIMAL PROC
MoV DX, 12345
CALL WRITE_DECIMAL
MoV AH,4Ch ;Return to DOS
INT 21h
TEST_WRITE_DECIMAL ENDP
END TEST_WRITE_DECIMAL

You have seen most of this source file before, but the EXTRN directive is new.
The statement EXTRN WRITE_DECIMAL:PROC tells the assembler two
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things—that WRITE_DECIMAL is in another, external, file, and thatitis a
procedure. What kind of procedure (NEAR or FAR) depends on the MODEL
directive. Since we have used . MODEL SMALL, which defines procedures to
be NEAR, WRITE_DECIMAL is in the same segment. The assembler thus

generates a NEAR CALL for this procedure.

It would generate a FAR CALL

if we had placed a FAR after WRITE_DECIMAL. You can use NEAR or FAR
in place of the PROC in the EXTRN statement if you wanted to explicitly
define the type of procedure, but it is better to let the MODEL directive de-

fine the procedure types.

Code Segment

Data Segment

.CODE segment .DATA segment
(from file 1) (from file 1)
.CODE segment
(from file 2)
.DATA segment
(from file 2)

Figure 13-1: LINK stitches together segments from different files.

EXTRN WRITE_DECIMAL
TEST_WRITE_DECIMAL

CALL WRITE_DECIMAL
PROC_ONE ENDP

:PROC

LINK provides
the address

Figure 13-2: LINK assigns the addresses for external names.

These are about the only changes you need for separate source files until
you begin to store data in memory. At that point, you will introduce another
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segment for data. Now, let’s modify VIDEO_IO.ASM, and then assemble
and link the two files. Remove the procedure TEST_WRITE_DECIMAL from
VIDEO_IO.ASM because you have placed it in TEST.ASM and you do not
need it in Video_io.

Finally, change END TEST_WRITE_DECIMAL at the end of
VIDEO_IO.ASM to just END. Once again you moved the main procedure
was moved to TEST.ASM. The procedures in VIDEO_IO.ASM are now ex-
ternal procedures. That is, they have no function by themselves; they must be
linked to procedures that call them from other files. You don’t need a name
after the END directive in VIDEO_IO.ASM because your main program is
now in TEST.ASM.

When you have finished making these changes, your VIDEO_IO.ASM source
file should look something like the following listing. The complete listing is
included in VIDEO_13.ASM on the disk.

.MODEL SMALL
.CODE

PUBLIC WRITE_HEX

WRITE_HEX ENDP

PUBLIC WRITE_HEX_DIGIT

WRITE_HEX_DIGIT ENDP

PUBLIC WRITE_CHAR

WRITE_CHAR ENDP
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PUBLIC WRITE_DECIMAL

WRITE_DECIMAL  ENDP

END

Assemble these two files just as you assembled Video_io before, using ML /¢
followed by the file name. TEST.ASM knows all it needs to know about
VIDEO_IO.ASM through the EXTRN statement. The rest will come when
you link the two files.

ML can assemble more than one file at a time. All you have to do is in- I N{)te
clude all the files you want to assemble after the ML /c. For example, -
you can assemble both files being used here with this command:

ML /C TEST.ASM VIDEO_IO.ASM

You can create the TEST.EXE file directly without creating any of the
OB] files along the way. If you type ML without the /C switch, this tells
ML to create an EXE file directly. To see how this works, delete the OB]
files from your disk, then type the following to create TEST.EXE:

ML TEST.ASM VIDEO_IO.ASM

When you assemble a program like this, the final program will always
have the same name, but with an EXE extension, as the first file name in

the list.

Now you should have the files TEST.OBJ and VIDEO_IO.OB]J. Use the
following command to link these two files into one program named

TEST.EXE:
C>LINK TEST VIDEO_IO;

LINK stitches the procedures of these two files together to create one file con-
taining the entire program. It uses the first file name you entered as the name
for the resulting EXE file, so you now have TEST.EXE.
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That’s it; you created one program from two source files. The final EXE pro-
gram is identical in function to the COM version you created in Chapter 10
from the single file VIDEO_IO.ASM, when it contained the main procedure
TEST_WRITE_DECIMAL.

We will make heavy use of separate source files from here on. Their value will
become clearer as the procedures stack up. In the next chapter, you will write
a test program to dump sections of memory in hex. You will usually write a
simple test version of a procedure before writing the complete version. Doing
so will allow you to see how to write a good final version, as well as to save
effort and mental turmoil in the process. There are several other useful ways

to save effort. They are called The Three Laws of Modular Design.

The Three Laws
of Modular Design

These laws are summarized in Table 13-1. They aren’t really laws, they are
suggestions. But we will use them throughout this book. Define your own laws
if you like; either way, stick to the same ones all the time. Your job will be
much easier if you are consistent.

Table 13-1 The Three Laws of Modular Design

1. Save and restore all registers, unless the procedure returns a value
in that register.

2. Be consistent about which registers you use to pass information.
For example:

DL, DX  Send byte and word values
AL, AX Return byte and word values
BX:AX Return double-word values
DS:DX Send and return addresses
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CX Repeac counts and other counts

CF Set when there is an error; an error code
should be returned in one of the registers,

such as AL or AX.
3. Define all external interactions in the comment header:
* Information needed on entry
* Information returned (registers changed)
¢ Procedures called

¢ Variables used (read, written, and so on)

There is an obvious parallel between modular design in programming and
modular design in engineering. An electrical engineer, for example, can build
avery complicated piece of equipment from boxes that perform different func-
tions, without knowing how each box works inside. But if each box uses dif-
ferent voltages and different connections, the lack of consistency creates a major
headache for the engineer who must somehow provide a different voltage for
each box and create special connections between boxes. Fortunately for the
engineer, there are standards providing for only a small number of standard
voltages. So, perhaps only four different voltages need to be provided instead
of a different voltage for each box.

Modular design and standard interfaces are just as important in assembly-
language programs, and that is why we will lay down the laws (so to speak),
and use those laws from here on. As you will see by the end of this book,
these rules will make your task much simpler. Let’s take a look at these laws
in derail.

Save and restore all registers, unless the procedure returns a value in that
register.

There aren’t that many registers in the 80x86. By saving registers at the start
of a procedure, you free them for use within that procedure. But you must be
careful to restore them at the end of the procedure. You will see us doing this
in all of the procedures, with PUSH instructions appearing first in each pro-
cedure and POP:s at the end.
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The only exception is for procedures that must return some information to
the calling procedure. For example, a procedure that reads a character from
the keyboard must somehow return the character. Don’t save any registers that
are used to return information.

Short procedures also help the register-shortage problem. Ar times, you will
write a procedure that is used by only one other procedure. Not only does this
help with the shortage of registers, it also makes the program easier to write
and read. You will see more of this as we write procedures for Dskpatch.

Be consistent about which registers you use to pass information.

Your job becomes simpler if standards are set for exchanging information be-
tween procedures. Use one register for sending information, and one for re-
ceiving information. You will also need to send addresses for long pieces of
daca. For this you will use the DS:DX pair of registers so that your data can
be anywhere in memory. You will learn more about this when we introduce a
new segment for data and begin to make use of the DS register.

The CX register is reserved for repeat counts. Soon you will write a procedure
to write one character several times so that you can write 10 spaces by calling
this procedure (WRITE_CHAR_N_TIMES) with CX set to 10. Use the CX
register whenever you have a repeat count or when you want to return some
count, such as the number of characters read from the keyboard (you will do

this when we write a procedure named READ_STRING).

Finally, set the Carry Flag (CF) whenever there is an error, and clear it when-
ever there isn’t an error. Not all procedures use carry flags. For example,
WRITE_CHAR always works, so there is no reason to return an error report.
But a procedure that writes to the disk can encounter many errors (no disk,
write-protection, and so on). In this case, you will use a register to return an
error code. There is no standard here because DOS uses different registers for
different functions.

Define 4/l external interactions in the comment header.

There is no need to learn how a procedure works if all you want to do is use it.
This is why we place a detailed comment header before each procedure. This
header contains a// the information you need to know. It tells you what to
place in each register before calling the procedure, and what information the
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procedure returns. Most procedures use registers for their variables, but some
of the procedures use variables in memory. The comment header should say
which of these memory variables are read and which are changed. Finally, each
header should list other procedures called. An example of a full-blown header
with much of this information is as follows:

; This is an example of a full-blown header. This part would normally 2
; be a brief description of what this procedure does. For example, 3
; this procedure will write the message "Sector " on the first line. ;

; On entry: DS:DX  Address of the message "Sector .

; Returns: AX Error code if there was an error

; 3
; Calls: GOTO_XY, WRITE_STRING (procedures called)

; Reads: STATUS_LINE_NO (memory variables read only)

; Writes: DUMMY (memory variables altered) 8

Whenever you want to use any procedure you have written, you can just glance
at this comment header to learn how to use it. There will be no need to delve
into the inner workings of the procedure to find out what it does.

You may discover from time to time that your comment headers don’t tell you
enough so you can use the subroutine, and you have to actually read the code.
When you find yourself doing this, consider rewriting your comment header
so it does a better job of explaining how the subroutine works. If you don’t
rewrite the header, you may find yourself again reading the code.

These laws make assembly language programming easier, and we will be cer-
tain to abide by them, but often not on the first try. The first version of a pro-
cedure or program is a test case. Frequently, we don’t know exactly how to
write the program we have in mind, so on these “rough drafts,” we will write
the program without concern for the laws of modular design. We will just plow
through and get something that works. Then we can backtrack and do a good
job by rewriting each procedure to conform to these laws.

Programming is a process that goes by leaps and bounds. Throughout this book
we will show much, but not all, of the stuttering that went into writing
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Dskpatch. There is not room enough to contain all the versions we wrote be-
fore we settled on the final version. Our first tries often bear very little resem-
blance to the final versions you will see. When you write programs, don’t worry
about getting everything right the first time. Be prepared to rewrite each pro-
cedure as you learn more about what you really want.

In the next chapter, you will build a simple test program to print a block of
memory. It won’t be the final version; we will go through others before we are
satistied, and even then, there will be other changes we would like to make.
The moral is: A program is never done . . . but it must be stopped somewhere.

Using the Programmer’s
Workbench

The Microsoft MASM 6.0 package includes a full programming environment,
called the Programmer’s Workbench. This can make your job of building as-
sembly language programs much easier. In reality, some programmers love the
Programmer’s Workbench (PWB), and others hate it. Since there are a num-
ber of people who don’t like PWB, we won’t force you to use it in this book;
we will continue to use ML and LINK directly. For those of you who feel
adventuresome, PWB has a lot to offer.

In this section we would like to give you an introduction to using PWB. We
will use PWB to build TEST.EXE so you can see how you might use PWB to
build your own assembly-language programs that use multiple files. We will
assume that you asked to install PWB when you installed MASM 6—if you

didn’t, go back and do so now.

When you first start PWB you will see a screen like the one shown in Fig-
ure 13-3. At this point you could simply start typing a program, then use the
pull-down menus to save the file. But since you already have two files, you

will take a different approach.
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Figure 13-3: Programmer’s Workbench when you first start it.

Using PWB’s Pull-Down Menus

You are going to create a program list, which is a list of files that constitute a
program. PWB can use this list of files to automatically create the EXE file, as
you will see. Before we go on, a few words about pull-down menus and dialog
boxes. PWB makes heavy use of both features, so you will need to know how
to use them. To pull down a menu, you have two choices, depending on
whether you want to use the keyboard or the mouse.

The keyboard interface centers around the Alt key. When you press the Alt
key, PWB highlights the first letter of each menu item, which indicates that
you can press Alt+/letter. For example, you will want to pull down the Make
menu, by pressing Alt+M. Once the menu is down, either use the cursor keys
and press Enter to select an item from the list, or type one of the highlighted
letters you see in the pull-down menu. In either case, you will notice that only
one menu item, Set Program List... has a letter highlighted. This happens
because all the other menu items are grayed out, which means their options
are not available.
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Using pull-down menus with the mouse is even easier. Simply click the left
button on the menu bar at the top of the screen on any of the menu titles,
such as Make, and a menu will drop down. You can then click on any of the
menu items to select that item.

Setting the Program List

Now pull down the Make menu and select the item select program List...
You will see the “Select Program List” dialog box, which is a dialog box that
allows you to open an existing Program List. You need to create a new pro-
gram list, which you can do by typing a name and pressing Enter. Type TEST
and press Enter.

PWB will display another dialog box asking if you want to create the file
“test.mak.” Press Enter or click on the <ves> button—you do want to create a
new program list. Now you will now see the dialog box in Figure 13-4.

Edit View Search ELVEW Run Options Browse
- Edit Prograa List

fle Mane: Q- -------cocmmaveivnals
File ist: D :\BOOKS\ASSEMBLY,3\CODE

TEST.ASH

TEST. MaK

VIDED _1U.ASH

-8 .

toggran List NASSEMHLY . NODENtest .mak

A4 7 Delets
< o Top of List >

.. - 4 lear List 2

[X] S t Include Depeniencies [X] gwore Systen Include Files

< ave List> <Cancel) < elp >

el Enter Esc=Cancel Tab=Next Field

Figure 13-4: Use the Edit Program List dialog box to create and change program lists.

This dialog box is where you actually build program lists, or modify them once
you have already buile a list. You want to add two files to this program list:
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TEST.ASM and VIDEO_IO.ASM, both of which should be visible in the File
List window near the top of this dialog box. The steps you can follow to add
these two files to the Program List are as follows:

1. Press Tab until the cursor moves to the File List window (probably
a single Tab).

2. Use the up and down cursor keys to highlight TEST.ASM, then
press the Enter key. You should now see TEST.ASM in the Program

List window.
3. Repear step 2 to add VIDEO_IO.ASM to the Program List.

4, Press Alt+S or click on the <save List> button to save this
program list.

PWB will think for a couple of seconds, then you will see the mostly-blank
screen that you saw when you first started PWB. It may not seem like you have
done much, but you have.

Building TEST.EXE

Pull down the Make menu again and you will notice it is quite different. Now
all the items in this menu are enabled. But you will also notice that test.exe
appears in the Build menu item. This means you can build TEST.EXE sim-
ply by pulling down the Make menu and selecting Build. What is even better
is that PWB keeps track of which files you have changed, and it only assembles
the files that need to be changed.

If you try building TEST.EXE, you will get the following error message:
LINK : warning L4050: file not suitable for /EXEPACK; relink without

What does this mean? By default, PWB tells the linker to try to pack your
EXE file. Packed EXE files are files that have been compressed so they take up
less disk space. The problem here is that your program is so small it cannot be
packed without actually growing in size. The file grows because LINK has to
add a small program to any EXE file it packs to unpack that program when its
loaded into memory. Since this unpacker is larger than the entire TEST.EXE
program, the LINK failed.

You can tell which
Program List is
currently selected by
looking at the Edit
Program List...
item in the Make
menu. If you see a
name, such as test
after this item, you
know that the
Program List with
that name is
currently selected.
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What you have to do is change the way PWB tells LINK to create your EXE
file. Pull down the Options menu and select Link options. ... Then in the LINK
Options dialog box press Alt+R or click on <set Release Options...> to bring
up yet another dialog box. Press Alt+E or click on pack exe file to make sure
this option is not checked (it is checked whenever there is an x in square brackets,
such as (x]). You want to make sure it reads the following:

[ ] Pack EXE file

Finally, click on the <OK> button in each of these dialog boxes (or use the
Tab key to move the cursor to the <OK> button, then press Enter). Now
select Build from the Make menu. It should work.

To reward you for all your hard work, you will see the final dialog box, like
the one in Figure 13-5. You can then elect to run your program.

LEYE Run  Options  Brouse Help
! <UNTITLED> iy

Build
Build operation has been conpleted
8 Error:

ings

iew Results < un Programn) < ebug Program) <{Cancel> < elp >

—af —i—
n

I
Definitions File [NUL.DEF]: ~NOl /BAICH /FAR /PRCKC;

Puild project target file

Figure 13-5: Final dialog box when PWB finished building your program.

Editing Files in PWB

Ifall PWB could do is build programs, it would not be that useful. Fortunately,
PWB can do much more for you. For starters, you can edit any of the files in
your Program List. An easier way to get to your files, however, is another fea-
ture called Browse, which enables you to jump very quickly to any place in
your program.
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Before you can use the Browse feature, however, you need to enable it. Pull
down the Options menu and select the “Browse Options...” item. Once the
dialog box appears, press Alt+B to check the “Generate Browse Information”
option (so it has [X] next to it) and press Enter. Build your program again by
selecting Build from the Make menu. Press Esc when you see the final dialog
box saying that the Build operation finished. Whenever you rebuild your pro-
gram with the Generate Browse Information option checked, PWB keeps a
lot of information on your program which it needs for all the items in the
Browse menu.

Pull down the Browse menu and select view relationship. You will see a dialog
box that lists two files in it. These are the two files that make up your Program
List. Select the file TEST.ASM and press Alt+G (Goto). You will now have
the file TEST.ASM visible in an edit window (see Figure 13-6) and you can
edit TEST.ASM.

File Edit View Search MHake Run Options Brouwse Help
D :\BOOKS\ASSEMBLY . S\CODE\TEST . asn Smmmmmmmmmm—
DOSSEG
.MODEL SHMRLL
.STRCK
.CODE
EXTRMN HRITE_DEC IMAL :PROC
TEST_WRITE_DECIMAL PROC
MOV DX ,1234S
CALL WRITE DECIMAL
MOU A ,4Ch ;Return to DOS
INT 21h
TEST_WRITE_DECIMAL ENDP
END TEST_WRITE_DECIMARL

Gemeral Holp> <Fl-Holpy

Figure 13-6: TEST.ASM in its own edit window.

Jump to Definitions

Move the cursor to the name WRITE_DECIMAL after the CALL. Now pull
down the Browse menu and select “Goto Definition.” You will see the dialog
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box in Figure 13-7, with WRITE_DECIMAL highlighted in the list. This list
shows all of the procedures, labels, etc. in your program. Press Enter, and now
you are looking at the definition of WRITE_DECIMAL in the file
VIDEO_IO.ASM.

Search Make Run Options [BIRTLY
CGoto Definition -
g R TE_DEC A LI |

File:

WRITE CRAN

WEITE PIGIT
WHITE DIOIT_LUOP
MR TE_)EX

MR TTE _HEX_DIGLT

Figure 13-7: This dialog box enables you to jump quickly to any part of your program.

You can easily jump to any definition in any of the files of your project by
using this menu item. You can also find all of the places where a particular
subroutine is used in other parts of your program by using the Goto Defini-
tion... item in the Browse menu.

' Note The information used by the Browse menu comes from the last build

you did on your program. It won’t reflect any changes you have made to
your files since the last time you built your program from within PWB.
Changes you make outside PWB won’t show up inside PWB until you
use PWB’s Build command again.
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Loading the Program List

PWB has one rather rude habit that probably keeps a lot of programmers from
using it. When you exit and then start PWB again, it remembers all the files
you had opened, but it does nor remember the last Program List that you were
using. You have to explicitly load the Program List each time you starc PWB.
You do this by using the Set Program List... from the Make menu ro select the
.MAK file you want to use. Fortunately, there is an easier solution.

There is a little-known switch you can use to have PWB automarically load
the last Program list you were using. You can also use the /PL switch (this must
be in uppercase letters). Type the following:

C>pwb /PL

There are far more features of PWB than we can show here, but this should
give you an idea of how to use PWB. You might want to try using PWB for all
the programs in the rest of this book. You can also use Microsoft’s wonderful
CodeView debugger from within PWB.

For the rest of this book, however, we will mainly show you the details of us-
ing ML and LINK to do all the work. There are two reasons for this. First, this
will give you a better understanding of all the steps and other tools out there;
second, there are many people who detest PWB, and they would not be happy
if we used PWB for the rest of this book. To back up that claim, most pro-
grammers we know like to use the Brief editor, along with the Make program
you will learn in Chapter 15. I personally don’t know of any programmers who
use PWB.

Summary

This has been a chapter for you to remember and use in the future. We began
by teaching you how to separate a program into a number of different source
files that can be assembled independently, then stitched together with the linker.
We used the PUBLIC and EXTRN directives to inform the linker that there
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Dumping
Memory

ln this chapter you will learn how to use the different addressing modes to
access memory. You will also learn how to store data in the data segment and
how to set DS so it points to this data segment. The changes you will make to
your program will allow you to display an area of memory in hex and as char-
acters, much as Debug can display an area of memory.

Files altered: DISP_SEC.ASM, CURSOR.ASM, and VIDEO_IO.ASM
Disk files: DISP_S14.ASM, CURSOR14.ASM, and VIDEO_14.ASM

)

&,




ics Co

dressing Modes to Acces

g the Data Segm

Base-Relative Addressing

Setting DS to Point to your Data Segment
Adding Characters to the Dump
Dumping 256 Bytes of Memory

Summary



Assembly Language for the PC, Third Edition

186

From here on, we will concentrate on building Dskpatch in much the same
way we originally wrote it. Some of the instructions in new procedures may
be unfamiliar. We will explain each briefly as we come across them. (For de-
tailed information, you will need a book that covers all of the instructions in
detail. Most reference books that cover any of the 80x86 microprocessors have
all the information you should need.)

Rather than cover all the 80x86 instructions, we will concentrate on new con-
cepts, such as the different modes of addressing memory, which we will cover
in this chapter. In Part III, we will move even farther away from the details of
instructions and begin to see information specific to writing DOS programs
that use the screen and keyboard.

Now, you will learn about addressing modes by writing a short test program to
dump 16 bytes of memory in hex notation. To begin, you need to learn how
to use memory as variables.

Using Addressing Modes
to Access Memory

You have seen two addressing modes; they are known as the register and imme-
diateaddressing modes. The first mode you learned about was the register mode,
which uses registers as variables. For example, the following instruction uses
the two registers AX and BX as variables.

MOV AX,BX

Then, you moved on to the immediate addressing mode, in which you moved
a number directly into a register, as in the following example:

Mov AX,2

This example moves the byte or word of memory immediately following the
instruction into a register. In this sense, the MOV instruction in our example
is one byte long, with two more bytes for the data (0002):

396F:0100 B80200 mov AX, 0002

The instruction is B8h, and the two bytes of data (02h and 00h) follow this
(remember that the 80x86 stores the low byte, 02h, first in memory).
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Now you will learn how to use memory as a variable. The immediate mode
allows you to read the piece of fixed memory immediately following that one
instruction, but it does not allow you to change memory. For this, you will
need other addressing modes.

Let’s begin with an example. The following program reads 16 bytes of memory,
one byte at a time. Each byte is displayed in hex notation, with a single space
between each of the 16 hex numbers. Enter the program into the file
DISP_SEC.ASM and assemble it. Enter the Listing 14-1 into the new file
DISP_SEC.ASM.

Listing 14-1 The New File DISP_SEC.ASM

DOSSEG

.MODEL SMALL

.STACK

.DATA
PUBLIC SECTOR

SECTOR DB 1oh, 11h, 12h, 13h, 14h, 15h, 16h, 17h ;Test pattern
DB 18h, 19h, 1Ah, 1Bh, 1Ch, 1Dh, 1Eh, 1Fh

.CODE

EXTRN WRITE_HEX:PROC

EXTRN WRITE_CHAR:PROC
; This is a simple test program to dump 16 bytes of memory as hex H
; numbers, all on one line. H

DISP_LINE PROC
mov AX, DGROUP ;Put data segment into AX
MOV DS, AX ;Set DS to point to data
XOR BX,BX ;Set BX to 0
MoV CX,16 ;Dump 16 bytes

HEX_LOOP:
MoV DL,SECTOR[BX] ;Get 1 byte
CALL WRITE_HEX ;Dump this byte in hex

continues
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Listing 14-1 continued

MOV pL,' ' ;Write a space between numbers
CALL WRITE_CHAR
INC BX

LOOP HEX_LOOP

MoV AH, 4Ch ;Return to DOS
INT 21h

DISP_LINE ENDP
END DISP_LINE

Try your new program to see how it works. Assemble Disp_sec.

You are ready to link DISP_SEC.OBJ and VIDEO_IO.OB]J and create an
EXE file named DISP_SEC.EXE. LINK creates a program by putting the pieces
together in the same order as the names on the command line. Since you want
the main procedure to appear at the start of the program, the first file name in
the LINK command needs to be the name of the file that contains the main
procedure (Disp_sec in this case). A semicolon must appear at the end of the
list of files, so type the following command:

C>LINK DISP_SEC VIDEO_IO;

Linking will always be the same, with more names before the semicolon when
you have more files. The main procedure should always be in the first file listed.
In general, the preceding step for the files filel, file2, and so on, is as follows:

LINK file1 file2 file3 ...;

Now, run the EXE file. If you don’t see the following when you run the pro-
gram, go back and check carefully for a mistake.

10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F

Now let’s see how Disp_sec works. The following instruction uses a new ad-
dressing mode known as Indirect Memory Addressing—addressing memory
through the Base register with offser, or more simply, Base Relative.
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MOV DL,SECTOR([BX] ;Get 1 byte

In order to see what this really means, you need to first learn more about

segments.
0431 + BX
MOV DL;SECTOR[BX}—
0434: 0013
0433: 0012
0432: 0011

SECTOR: 0431: 0010
Figure 14-1: Translation of SECTOR/BX].

Using the Data Segment

Looking at Disp_sec, you will see that the label SECTOR appears after .DATA.
The .DATA directive declares a data segment that is used for memory vari-
ables. (The name of the segment created by .DATA is _DATA.) Any time you
want to store and read data in memory, you will set aside some space in this
segment. We will get back to memory variables, but first a little more about
segments.

The MODEL SMALL directive creates what Microsoft calls a small memory-
model program. Small programs are defined as programs that have up to 64K
of code and up to 64K of data. In other words, one segment for code and one
segment for data. Since both the data (defined by .DATA) and the stack (de-
fined by .STACK) are data, they are put into a single segment as shown in
Figure 14-2.

This grouping of the stack and data segments into one segment is handled by
a mechanism in the assembler called groups. In particular, the assembler
creates a group called DGROUP that creates a single segment out of all the
segments used for data. So far you have learned the .DATA and .STACK di-
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rectives. There are several other data directives that create segments in this group
(you will see another later in this book). Fortunately, the MODEL, .DATA,
and .STACK directives handle all of this behind the scenes. Knowing some of
what happens behind the scenes, however, will come in use later when you

look at memory maps to see how programs are put together.
DS,SS —»

DGROUP

_DATA

STACK

Figure 14-2: Stack and data in one segment group (DGROUP).

Another thing that happens automatically as a result of the DOSSEG direc-
tive is that the STACK segment is loaded into memory above the DATA seg-
ment. The data segment we created has data in it (10h, 11h, 12h, and so on)
that needs to be in the EXE file so it can be copied into memory when the
program is run by DOS. The stack, on the other hand, needs to take space in
memory, but the stack’s memory does not need to be initialized (only SS:SP
has to be set). So by putting the stack segment after the data segment, you don’t
need to set aside space on the disk for the stack (see Figure 14-3).
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This is known as direct memory addressing. But we did not write that. Instead,
we placed [BX] after SECTOR. This may look suspiciously like an index into
an array, like the following BASIC statement which moves the 10th element
of L into K.

K = L(10)

In fact, the MOV instruction is much the same. The BX register contains an
offsetin memory from SECTOR. So if BX is 0, the MOV DL,SECTOR[BX]
moves the first byte (10h here) into DL. If BX is 0Ah, this MOV instruction
moves the eleventh byte (1Ah—remember, the first byte is at BX = 0) into
DL.

On the other hand, the instruction MOV DX,SECTOR[BX] with BX = 0Ah
would move the sixth word into DX, since an offset of 10 bytes is the same as
5 words, and the first word is at offset zero. (For enthusiasts this last MOV
instruction is not legal because SECTOR is a byte label, whereas DX is a word
register. You would have to write MOV DX, Word Pur SECTOR[BX] to tell
the assembler that you really want to use SECTOR as a word label in this
instruction.)

There are many other addressing modes and some will be covered later. All of
the addressing modes are summarized in Table 14-1.

Table 14-1 Addressing Modes

Addressing Mode — Format of Address Segment Register Used
Register register (such as AX)  None
Immediate data (such as 12345) None
Memory Addressing Modes
Register Indirect [BX] DS
[BP] SS
[DI] DS
[SI] DS

Rel2,
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Addressing Mode  Format of Address Segment Register Used
Base Relative* label[BX] DS
label[BP] SS
Direct Indexed* label[DI] DS
label[ST] DS
Base Indexed* label[BX+S1] DS
label[BX+DI] DS
label [BP+SI] SS
label[BP+DI) SS
String Commands: Read from DS:SI
(MOVSW, LODSB, and so on) Werite to ES:DI

* Label[...] can be replaced by [disp+...], where disp is a displacement. Thus, we could
write [10+BX] and the address would be 10 + BX.

Setting DS to Point
to Your Data Segment

This discussion has glossed over one minor detail. In Chapter 11 we mentioned
that both the DS and ES registers point to the PSP, not to your data segment
when DOS starts the program. The first two lines in DISP_LINE set DS so it
points to our data segment as follows:

MOV AX, DGROUP ;Put data segment into AX
MOV DS,AX ;Set DS to point to data

The first line moves the segment address for our data group (called DGROUP)
that contains .DATA and .STACK into the AX register. The second line sets
DS so it points to your data.
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There is one sticky point here. If you remember the discussions about the seg-
ment registers, we said that the segment used for programs depends on how
much memory is already in use. In other words, you cannot know the value of
DGROUP until DOS loads the program in memory. How, then do you know
what number to load into AX?

There is a small header at the start of each EXE file that conrains a list of ad-
dresses in your program that have to be calculated. DOS uses this informa-
tion to calculate the value of DGROUP and update the value in the MOV
AX,DGROUP instruction when it loads DISP_SEC.EXE into memory. This
process is known as relocation. You will see how DOS does relocation in

Chapter 28.

There is another fine point of writing programs for the 80x86 family of mi-
croprocessor. Notice that we set the value of DS with two instructions rather
than the single instruction, as follows.

MoV DS, DGROUP

You need two instructions because you cannot move a number directly into a
segment register on the 80x86; first you have to move the segment number
into the AX register. Requiring two instructions, rather than one, simplified
the design of the original 80x86 microprocessor. This made it less expensive
to manufacture but more difficult to program.

Adding Characters to the Dump

You are almost finished writing the procedure that creates a dump display simi-
lar to Debug’s. So far, you have dumped the hex numbers for one line; in the
next step, you will add the character display following the hex display. The
new version of DISP_LINE (in DISP_SEC.ASM), with a second loop added

to display the characters, is as follows:

Listing 14-2 Changes to DISP_LINE in DISP_SEC.ASM

DISP_LINE PROC
MOV AX,DGROUP ;Put data segment into AX
MOV DS, AX ;Set DS to point to data



XOR
MoV
HEX_LOOP:
MoV
CALL
MOV
CALL
INC
LOOP

MOV
CALL
MOV
XOR
ASCII_LOOP:
MOV
CALL
INC
LOOP

MOV
INT
DISP_LINE

BX , BX
CX,16

DL, SECTOR[BX]
WRITE_HEX
Bl g
WRITE_CHAR
BX

HEX_LOOP

Pl
WRITE_CHAR
CX,16
BX, BX

DL,SECTOR[BX]
WRITE_CHAR
BX
ASCII_LOOP

AH,4Ch
21h
ENDP
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;Set BX to 0
;Dump 16 bytes

;Get 1 byte
;Dump this byte in hex
;Write a space between numbers

;Add another space before characters

;Set BX back to 0

;Return to DOS

Assemble this, link it to Video_io, and try it. Figure 14-4 shows the output

you should see.

C>disp_sec
18 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F pa39B_$1l+eowa¥

C>_

Figure 14-4: DISP_LINEs output.

Try changing the data to include a 0Dh or a 0Ah. You will see a rather strange
display, because 0Ah and 0Dh are the characters for the line-feed and carriage-
return characters. DOS interprets these as commands to move the cursor, but
we would like to see them as just ordinary characters for this part of the
display. To do this, you must change WRITE_CHAR to print a// characters,
without applying any special meaning. You will do that in Parc III, but for
now, rewrite WRITE_CHAR slightly so that it prints a period in place of the

low characters (between 0 and 1Fh), as you can see in Figure 14-5.
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C>disp_sec
18 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F  ..ovunnnnonn....
o>

Figure 14-5: Modified version of DISP_LINE.

Replace the WRITE_CHAR in VIDEO_IO.ASM with the following new
procedure in Listing 14-3:

Listing 14-3 A New WRITE_CHAR in VIDEO_IO.ASM
(Complete listing in VIDEO_14.ASM)

PUBLIC WRITE_CHAR

; This procedure prints a character on the screen using the DOS 5
; function call. WRITE_CHAR replaces the characters @ through 1Fh with ;
; & period. ;
H H
; On entry: DL byte to print on screen. 5
joremefleRageh e oo s s s o EERERLELEEEEEE - - FRRE ;
WRITE_CHAR PROC

PUSH AX

PUSH DX

CMP DL,32 ;Is character before a space?

JAE IS_PRINTABLE ;No, then print as is

MoV DL, '."' ;Yes, replace with a period
IS_PRINTABLE:

MoV AH,2 ;Call for character output

INT 21h ;Output character in DL register

POP DX ;Restore old value in AX and DX

POP AX

RET
WRITE_CHAR ENDP
Try this new procedure with Disp_sec, and change the data to various charac-

ters to check the boundary conditions.

.
R R R R R ORI i R i R EE=—S=ESNERD=SRS——SSSS——=—E—EEEEEE——————
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Dumping 256 Bytes of Memory

Now you have learned how to dump one line, or 16 bytes, of memory. The
next step is to dump 256 bytes of memory. This happens to be exactly half the
number of bytes in a sector, so you are working toward building a display of
half a sector. You still have many more improvements to make; this is just a
test version.

You will need two new procedures and a modified version of DISP_LINE.
The new procedures are DISP_HALF_SECTOR, which will soon evolve into
a finished procedure to display half a sector, and SEND_CRLF, which sends
the cursor to the beginning of the next line (CRLF stands for Carriage Return-
Line Feed, the pair of characters that move the cursor to the next line).

SEND_CRLEF is very simple, so let’s start with it. Place the following proce-
dure in Listing 14-4 into a file called CURSOR.ASM.

Listing 14-4 The New File CURSOR.ASM (CURSOR14.ASM)

CR EQU 13 ;Carriage return
LF EQU 10 ;Line feed
.MODEL SMALL

.CODE

PUBLIC SEND_CRLF

This routine just sends a carriage return-line feed pair to the
display, using the DOS routines so that scrolling will be handled
correctly.

) “e we we we e

END_CRLF PROC

PUSH  AX
PUSH DX
MOV AH,2
MOV DL,CR
INT 21h
MOV DL,LF
INT 21h

continues
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Listing 14-4 continued

POP DX
POP AX
RET

SEND_CRLF ENDP
END

This procedure sends a Carriage Return and Line Feed pair, using the DOS
function 2 to send characters. The following statement uses the EQU direc-
tive to define the name CR to be equal to 13.

CR EQU 13 ;Carriage return

So the instruction MOV DL,CR is equivalent to MOV DL,13. As shown in
Figure 14-6, the assembler substitutes 13 whenever it sees CR. Likewise, it
substitutes 10 whenever it sees LF.

CR EQU 13

N

: 13
MOV DL G¥

Figure 14-6: The EQU directive lets us use names in places of numbers.

From here on, we will show the changes in our programs so you won’t
have to check each line to see if it’s new or different. Additions to our
programs will be shown against a gray background, and text you should
delete will be printed with a line through the text:

Add or change lines displayed against a gray background

Bel l ety
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The file Disp_sec now needs much work. Here’s the new version of

DISP_SEC.ASM as shown in Listing 14-5.

Listing 14-5 The New Version of DISP_SEC.ASM

(Complete listing in DISP_S14.ASM)
DOSSEG

.MODEL SMALL

.STACK

.DATA

.CODE

continues
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y N Listing 14-5 continued
4 D>
‘\\f:%ﬁf/ MoV DS, AX ;Set DS to point to data

XOR DX, DX ;Start at beginning of SECTOR

Mov cX,16 ;Display 16 lines
HALF_SECTOR:

CALL DISP_LINE

CALL SEND_CRLF

ADD DX, 16

LooP HALF_SECTOR

MOV AH,4Ch sReturn to DOS

INT 21h
DISP_HALF_SECTOR ENDP

PUBLIC DISP_LINE

EXTRN WRITE_HEX:PROC

EXTRN WRITE_CHAR:PROC
I e e At - ettt el =4 210 ) H
; This procedure displays one line of data, or 16 bytes, first in hex, ;
; then in ASCII. f
H 3
;5 On entry: DS:DX Offset into sector, in bytes. 3
H 5
; Uses: WRITE_CHAR, WRITE_HEX 5
; Reads: SECTOR H
HE OO R ORI B C OO0 000 00SC00S0NINo00ag o 0 o = 0 0 0 ¢ 0 © © IPGISISORRTC pge © H
DISP_LINE PROC
——————MOV——AX; BGROUP————————Put—data—seghent—inte—AX
——— MOV—PS;AX——————————Set BS—to-point to data
———XOR———BX5Bx%

PUSH BX

PUSH cx

PUSH DX

L[ BX,DX ;0ffset is more useful in BX

MOV CX,16 ;0ump 16 bytes

PUSH BX ;Save the offset for ASCII_LOOP
HEX_LOOP:

MOV DL, SECTOR[BX] ;Get 1 byte

CALL WRITE_HEX ;0ump this byte in hex

MOV DL, " ' ;Write a space between numbers

CALL WRITE_CHAR
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INC BX
LOOP  HEX_LOOP

MOV DL, ' ;Add another space before characters

CALL WRITE_CHAR

MOV CX,16

POP BX ;Get back offset into SECTOR
—XOR——BX;B%
ASCII_LOOP:

MOV DL,SECTOR[BX]

CALL WRITE_CHAR

INC BX

LOOP ASCII_LOOP

POP DX
POP CcX
POP BX
RET

———MO¥V——AH46h————————————— 1 Return—to—HOS

—  NF— o4h
DISP_LINE ENDP
END DISP_HALF_SECTOR

The changes are all fairly straightforward. In DISP_LINE, we have added a
PUSH BX and POP BX around the HEX_LOOP, because we want to reuse
the initial offset in ASCII_LOOP. We have also added PUSH and POP in-
structions to save and restore all the registers used within DISP_LINE. Actu-
ally, DISP_LINE is almost done; the only changes left are to add spaces and

graphics characters so you will have an attractive display; those will come later.

When you link the files (after assembling Disp_sec and Cursor), remember
that you now have three files: Disp_sec, Video_io, and Cursor. Disp_sec should
be first in this list. You should see a display like the one in Figure 14-7 when
you run the new Disp_sec.exe.

You will have more files before you are finished. Let’'s move on to the next
chapter, where you will read a sector directly from the disk before dumping

half a sector.
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C>disp_sec

Figure 14-7: Output from Disp_sec.

Summary

You know more about the different memory modes for addressing memory
and registers in the 80x86 microprocessor. You learned about indirect memory
addressing, which you first used to read 16 bytes of memory.

You also used indirect memory addressing in several programs you wrote in
this chapter, starting with your program to print 16 hex numbers on the screen.
These 16 numbers came from an area in memory labeled SECTOR, which

was expanded a bit later so you could display a memory dump for 256 bytes—
half a sector.

At last, you have begun to see dumps of the screen as they appear on your dis-
play, rather than as they are set in type. We will use these screen dumps to
more advantage in the following chapters.







Dumping a
Disk Sector

ln this chapter you will learn how to use NMake to simplify building your
programs (you will just type NMake to rebuild). You will also learn how to
read a disk sector, how to refer to variables defined in other files using EXTRN
and PUBLIC, and how to load the address of a variable into a register. Finally,
you will learn how to keep the size of your EXE file down even when you define
large variables.

Files altered: DISP_SEC.ASM, DISK_IO.ASM

Disk files: DISP_S15.ASM, DISK_I115.ASM




ics Covered

Patching up Disi _sec
Reading a Sector
The .DATA? Dizective
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Now that you have a program that dumps 256 bytes of memory, you can
add some procedures to read a sector from the disk and place it in memory
starting at SECTOR. Then, your dump procedures will dump the first half of
this disk sector.

Making Life Easier

With the three source files from the last chapter, life becomes somewhat com-
plicated. Did you change all three of the files you were working on, or just
two? You probably assembled all three, rather than checked to see if you made
any changes since the last assemble. (Of course, if you are using the
Programmer’s Workbench, you did not have to keep track of which files you
changed because it does that for you. This is just one of the advantages of us-

ing PWB.

Assembling all of your source files when you have only changed one of them is
rather slow and tedious, and will become even slower as Dskpatch grows in
size. What you would really like to do is assemble only the files you have
changed.

Fortunately, both the assemblers covered in this book (MASM and Turbo
Assembler) allow you to do just that. Microsoft and Borland provide programs

called Make and NMake, respectively, that do exactly what you want. To use
them, you create a file called Makefile that tells NMake, or Make, how to do
its work. Then all you have to do is type:

C>NMAKE

NMake then assembles only the files you have changed.

| N()[e If you are using Borland’s Make, you will type MAKE instead of
NMAKE.

If you are using MASM 5 or earlier, you will have to type MAKE
MAKEFILE because Make did not automatically look for a specific file,
whereas both NMake and Borland’s Make look for the file MAKEFILE.
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The file you create, Makefile, tells NMake what files depend on which other
files. Every time you change a file, DOS updates the modify time for this file
(you can see this in the DIR display). NMake simply looks at both the ASM
and OB]J versions of a file. If the ASM version has a more recent modify time
than the OBJ version, NMake knows it needs to assemble that file again.

There is one caveat we need to point out. NMake will work correctly only if
DOS’ date and time are correct. This may not be the case if your computer’s
C-MOS clock has a dead battery.

Format of the NMake File

The format for Makefile that we will use with NMake is fairly simple. The

format is as follows:

Listing 15-1 The NMake File MAKEFILE

disp_sec.exe: disp_sec.obj video_io.obj cursor.obj
link disp_sec video_io cursor;

disp_sec.obj: disp_sec.asm
ml /c disp_sec.asm

video_io.obj: video_io.asm
ml /c video_io.asm

cursor.obj: cursor.asm
ml /c cursor.asm

Each entry has a file name on the left (before the colon) and one or more file
names on the right. If any of the files on the right (such as DISP_SEC.ASM in
the first line) are more recent than the first file (DISP_SEC.OBJ), NMake will
execute all the indented commands that appear on the following lines. Enter
these lines into the file Makefile (without an extension) and make a small change
to DISP_SEC.ASM. Then type the following:

C>NMAKE

If you are using a
version of Make
from MASM 5 or
earlier, the first two
lines must be at the
end of the file, rather
than the beginning.
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If you are using Borland’s Make just type MAKE. Type MAKE MAKEFILE
if you are using MASM 5 or earlier and you will see something like the follow-
ing:

C>nmake

Microsoft (R) Program Maintenance Utility Version 1.13
Copyright (c) Microsoft Corp 1988-91. All rights reserved.

ml /c disp_sec.asm
Microsoft (R) Macro Assembler Version 6.00
Copyright (c) Microsoft Corp 1981-1991. All rights reserved.

Assembling: disp_sec.asm
link disp_sec video_io cursor;

Microsoft (R) Segmented-Executable Linker Version 5.13
Copyright (c) Microsoft Corp 1984-1991. All rights reserved.

c>

NMake has done the minimum amount of work necessary to rebuild your pro-
gram. If you have an older version of the Microsoft Macro Assembler that
doesn’t include Make, you will find this program worth the price of an up-
grade. You will get a nice replacement for Debug, too. It is called CodeView,
and it will be covered later in this chapter.

Patching up Disp_sec

Disp_sec, as we left it, included a version of DISP_HALF_SECTOR, which
you used as a test procedure and the main procedure. Now, you will change
DISP_HALF_SECTOR to an ordinary procedure so it can be called from a
procedure named READ_SECTOR. The test procedure to read a disk sector
will be in Disk_io.

First, modify Disp_sec to make it a file of procedures, just as you did with
Video_io. Change the END DISP_HALF_SECTOR to just END, since your

main procedure will now be in Disk_io. Then you will need to remove the
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.STACK and DOSSEG directives near the top of Disp_sec.asm, again because

you are moving these to a different file.

Since we plan to read a sector into memory starting at SECTOR, there is no
need to supply test data. We can replace all the 16 DB statements after
SECTOR with two lines which reserves 8,192 bytes for storing a sector.

PUBLIC SECTOR
SECTOR DB 8192 DUP (9)

Recall our earlier statement that sectors are 512 bytes long. Why, then, do you
need such a large storage area? In the old days of DOS, some hard disk com-
panies used large sectors with larger hard disks (300 megabytes, for example)
instead of adding more sections, which was needed for versions of DOS be-
fore 3.31. These large sector sizes are by no means common these days, but we
still want to be certain that you do not read in a sector that is too large to fit
into the memory you have reserved for SECTOR. So, in the interest of safety,
we have reserved 8,192 bytes for SECTOR. In the rest of this book, with the
exception of SECTOR, which we will cover soon, we will assume that sectors
are only 512 bytes long.

Now what you need is a new version of DISP_HALF_SECTOR. The old ver-
sion is nothing more than a test procedure that we used to test DISP_LINE.
In the new version, we will want to supply an offset into the sector so you can
display 256 bytes, starting anywhere in the sector. Among other things, this
means you could dump the first half, the last half, or the middle 256 byrtes.
Once again, DX supplies this offset. The new, and final, version of
DISP_HALF_SECTOR in Disp_sec is as follows:

Listing 15-2 The Final Version of DISP_HALF_SECTOR in
DISP_SEC.ASM (Complete Listing in DISP_S15.ASM)

PUBLIC DISP_HALF_SECTOR
EXTRN  SEND_CRLF:PROC

This procedure displays half a sector (256 bytes)

On entry: DS:DX Offset into sector, in bytes -- should be
multiple of 16.

T
s e e e e

continues

209



Assembly Language for the PC, Third Edition

Listing 15-2 continued

; Uses: DISP_LINE, SEND CRLF ;

PUSH cX
PUSH DX
MOV CX, 16 ;Display 16 lines

HALF_SECTOR:
CALL  DISP_LINE
CALL  SEND_CRLF

ADD DX, 16

LOOP  HALF_SECTOR
POP DX

POP cX

RET

MOV —AM 46— ReturA—to-DOS
e
DISP_HALF_SECTOR ENDP

Let’s move on to our procedure to read a sector.

Reading a Sector

In this first version of READ_SECTOR we will deliberately ignore errors, such
as having no disk in the disk drive. This is not good practice, but this isn’t the
final version of READ_SECTOR. We won’t be able to cover error handling
in this book, but you will find error-handling procedures in the version of
Dskpatch on the disk that is included with this book. For now we just want to
read a sector from the disk. The test version of the file DISK_IO.ASM is as

follows:
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2 2

0000
DGROUP
.DATA segment
0381 SECTOR:
.STACK segment

LEA DX, SECTOR — > MOV BX, 0381
Figure 15-1: LEA loads the effective address.

LEA BX,SECTOR

After this LEA instruction, DS:BX contains the full address of SECTOR, and
DOS uses this address for the second new instruction, the INT 25h call, as
you will see after a few more words about SECTOR. Actually, LEA loads the
offset into the BX register without setting the DS register. You have to ensure
that DS is pointing to the correct segment.

SECTOR is not in the same source file as READ_SECTOR. It is over in
DISP_SEC.ASM. You tell the assembler where it is by using the EXTRN di-

rective as follows and in Figure 15-2.
.DATA, EXTRN, SECTOR:BYTE

This set of instructions tells the assembler that SECTOR is defined in the data
segment created by .DATA, and that it is defined in another source file, and
that SECTOR is a variable of bytes (rather than words). We will be using such
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EXTRN:S often in following chapters; it is the way we use the same variables

in a number of source files. Just be careful to define variables in only one place.

.DATA
EXTRN SECTOR:BYTE |

\
|

A byte variable.
LINK will provide
the address.

Figure 15-2: The EXTRN directive.

Let’s return to the INT 25h instruction. INT 25h is a special function call to
DOS for reading sectors from a disk. When DOS receives a call from INT

25h, it uses the information in the registers as follows:

AL Drive number (0=A, 1=B, and so on)
(@), ¢ Number of sectors to read at one time
DX Number of the first sector to read (the first sector is 0)

DS:BX  Transfer address: where to write the sectors read

The number in the AL register determines the drive from which DOS will read

sectors. If AL = 0, DOS reads from drive A.

All versions of DOS since COMPAQ DOS 3.31 and DOS 4.0 support
hard disks larger than 32M bytes by changing the way the INT 25h func-
tion call works. This isn’t a problem for reading from a floppy disk, as
we are doing in this book, but it can be if you want to use Dskpatch on
a hard disk. You will find the code to read from such hard disks in the
advanced version of Dskpatch, included on the disk.

I Note
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INT 25h, along
with INT 24h
which writes a disk
sector, are the only
DOS routines that
leave the status
register on the stack.
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DOS can read more than one sector with a single call, and it reads the number
of sectors given by CX. Here, we set CX to one so DOS will read just one sec-
tor of 512 bytes.

You set DX to zero, so DOS will read the very first sector on the disk. You can
change this number if you want to read a different sector; later on, we will.

DS:BX is the full address for the area in memory where you want DOS to store
the sector(s) it reads. In this case, you have set DS:BX to the address of SEC-
TOR so you can call DISP_HALF_SECTOR to dump the first half of the
first sector read from the disk in drive A.

Finally, you will notice a POPF instruction immediately following the INT
25h. As mentioned before, the 80x86 has a register called the status register
that contains the various flags, like the zero and carry flags. POPF is a special
POP instruction that pops a word into the status register. Why do you need
this POPF instruction?

The INT 25h instruction first pushes the status registers, then the return ad-
dress onto the stack. When DOS returns from this INT 25h, it leaves the sta-
tus register on the stack. DOS does this so it can set the carry flag on return if
there was a disk error, such as trying to read from drive A: with no disk in the
drive. We won’t be checking for errors in this book, but we have to remove
the status register from the stack—hence the POPF instruction.

Now you can assemble DISK_IO.ASM and reassemble DISP_SEC.ASM.
Then, link the four files Disk_io, Disp_sec, Video_io, and Cursor, with Disk_io
listed first. Or, if you have NMake (or Borland’s Make), add the following
two lines to the end of your Makefile:

disk_io.obj: disk_io.asm
ml /c disk_io.asm

Change the first two lines to the following:

disk_io.exe: disk_io.obj disp_sec.obj video_io.obj cursor.obj
link disk_io disp_sec video_io cursor;

After you create your EXE version of Disk_io, you should see a display some-
thing like Figure 15-3 (remember to put a disk in drive A before you run
Disk_io).
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C>disk_io
EB 3C 98 4D S3 44 4F 53 35 2E 38 608 62 61 81 88 b5(EMSDOS5.0. .. ..
82 EB 860 68 89 F9 B7 686 BF 86 82 60 60 V6 PP P8 .«.'.-

86 P8 60 B8 68 B8 29 8D 8S 1C 19 55 4E 49 4E 53  ...... ..

54 41 4C 4C 28 31 46 41 54 31 32 20 28 28 FA 33 TALL 1FAT12

CA BE DB BC 88 7C 16 87 BB 78 808 36 CS5 37 1E 56 lald ;  5x.

16 53 BF 3E 7C B9 BB B8 FC F3 A4 86 LF C6 45 FE .S;>i. . "¢

OF 88 BE 18 7C 88 4D F9 89 47 82 C7 87 3E 7C FB .i.. 2

CD 13 72 79 33 C8 39 86 13 7C 74 88 8B BE 13 7C =. L
89 BE 28 7C AB 18 7C F7 26 16 7C 83 86 1C 7C 13 &.
16 1E 7C 83 86 BE 7C 83 D2 88 A3 58 7C 89 16 52 ..!
7C A3 49 7C 89 16 4B 7C BO 28 88 F7 26 11 7C 8B !4
1E 88 7C 83 C3 48 F7 F3 81 86 49 7C 83 16 4B 7C i<
88 BB 88 85 8B 16 52 7C Al 58 7C E8 92 88 72 1D .§..1.
BB B1 E8 AC 88 72 16 8B FB BY 6B 88 BE E6 7D F3 .04,
A6 75 BA 8D 7F 26 B9 BB 88 F3 A6 74 18 BE 9E 7D %u.ia
E8 SF 88 33 C8 CD 16 SE 1F BF 84 8F 44 82 CD 19 &

Figure 15-3: Screen dump from DISK_10.COM.

The .DATA? Directive

If you look back at the definition of SECTOR in Disp_sec.asm, you will see
that we reserved 8,192 bytes of zeros, which means that you have to reserve

room in the DISK_IO.EXE file on your disk.

C>DIR DISK_IO.EXE

Volume in drive C has no label
Volume Serial Number is 191C-8737
Directory of C:\SOURCE\ASM

DISK_IO EXE 8920 10-17-92 3:28p
1 file(s) 8920 bytes
1310720 bytes free

=

As you can see, Disk_io.exe is 8,920 bytes long, which is mostly filled with
zeros. That’s a lot of space to reserve just for zeros, especially since you do
not care what’s in SECTOR before you read a sector into memory. So does
SECTOR really need to take space on the disk? Nope.

There is another directive, .DATA?, that allows you to define memory
variables that take space in memory, but not on the disk. You can do this by
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telling the assembler that you do not care what value a memory variable has.

Change the three lines in DISP_SEC that define SECTOR to the following:

.DATA?

PUBLIC SECTOR
SECTOR DB 8192 DUP (?)

There are two changes here. First, there is a ? after the .DATA directive, which
tells the assembler you are about to define variables that do not have initial
values and, therefore, do not need to take space in the disk file. Second there
is a ? rather than a 0 for the value of each byte in SECTOR. The DUP (?) tells
the assembler that you do not care what value each byte has.

You need to define variables in the .DATA? section with DUP (2). If you
define any variables with a value (such as VAR DB 0), or if you use VAR
DB ?, the assembler will reserve room in the EXE file for @//the variables
in .DATA?. In other words, put all the variables that have initial values
into .DATA, and all variables with DUP (?) in .DATA?.

After making these changes, rebuild Disk_io.exe. It should now be only 727
bytes long. The .DATA? directive allows you to keep your programs quite
small on the disk.

We will come back later to add more to Disk_io; we have enough for now. In
the next chapter, we will build a nicer sector display by adding some graphics
characters to the display, and then adding a few more pieces of information.

Summary

Now that you have four different source files, Dskpatch is becoming some-
what more involved. In this chapter, we looked at the program NMake, which
helps make life simpler by assembling only the files you have changed.

We also wrote a new procedure, READ_SECTOR. It is in a different source
file from SECTOR, so you used an EXTRN definition in DISK_IO.ASM to







Enhancing the
Sector Display

ln this chapter you will continue building the Dskpatch program, adding lines
around the display, hex offsets along the left side, and the top. Finally, you
will learn two new instructions: LODSB (Load String Byte) and CLD (Clear
Direction), which are useful for working with strings of data.

Files altered: DISP_SEC.ASM, VIDEO_IO.ASM, DISK_IO.ASM

Disk files: DISP_S16.ASM, VIDEO_I16.ASM, DISK_I16.ASM
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You have come to the last chapter in Part II. Everything covered so far has
been applicable to DOS and the 80x86. In Part III, you will begin to write

procedures that work more closely with your computer’s screen.

Burt before we move on, we will use this chapter to add several more proce-
dures to Video_io. We will also modify DISP_LINE in Disp_sec. All modifi-
cations and additions will be to the display. Most of them will be to improve
the appearance of the display, but one will add new information. It will add
numbers on the left thar act like the addresses in Debug’s dump. Let’s begin
with graphics.

Adding Graphics Characters

The PC has a number of line-drawing characters you can use to draw boxes
around various parts of the dump display. You will draw one box around the

hex dump and another around the ASCII dump.

Enter the following definitions near the top of the file DISP_SEC.ASM, be-
tween the MODEL directive and the DATA? directive. Leave one or two blank
lines before and after these definitions:

Listing 16-1 Add to the Top of DISP_SEC.ASM
(No Complete Listing on Disk)

VERTICAL BAR  EQU 0BAh
HORIZONTAL_BAR EQU CDh
UPPER_LEFT EQU oCcoh
UPPER_RIGHT EQU 0BBh
LOWER_LEFT EQU ocsh
LOWER_RIGHT EQU @BCh
TOP_T_BAR EQU acBh
BOTTOM_T BAR  EQU @CAh
TOP_TICK EQU @D1h
BOTTOM_TICK EQU @CFh
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These are the definitions for the graphics, line-drawing characters. Notice that
we put a zero before each hex number so the assembler will know these are
numbers, rather than labels.

We could just as easily have written hex numbers instead of these definitions
in the procedure, but the definitions make the procedure easier to understand.
For example, compare the following two instructions:

MOV OL,VERTICAL_BAR
MOV DL, 0BAh

Most people find the first instruction clearer.

Now, here is the new DISP_LINE procedure to separate the different parts of
the display with the VERTICAL_BAR character, number 186 (0BAh). As

before, additions are shown against a gray background.

Listing 16-2 Changes to DISP_LINE in DISP_SEC.ASM

DISP_LINE PROC
PUSH BX
PUSH CX
PUSH 0X
MoV BX, DX ;0ffset is more useful in BX
;Write separator
MoV oL,' '
CALL WRITE_CHAR
Mov DL,VERTICAL_BAR ;0raw left side of box
CALL WRITE_CHAR
MOV DL," '

CALL WRITE_CHAR
;Now write out 16 bytes

MOV CX,16 ;Dump 16 bytes

PUSH 8X ;Save the offset for ASCII_LOOP
HEX_LOOP:

MOV DL,SECTOR([BX] ;Get 1 byte

CALL WRITE_HEX ;Dump this byte in hex

MOV pL," ' ;Write a space between numbers

CALL WRITE_CHAR

INC BX

Loop HEX_LOOP

continues
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Listing 16-2 continued

MoV
CALL
MOV
CALL

MOV
POP
ASCIT LOOP:
MoV
CALL
INC
LoaP

POP
POP
POP
RET
DISP_LINE

DL,VERTICAL_BAR
WRITE_CHAR

oL, !
WRITE_CHAR

CX,16
BX

DL, SECTOR[BX]
WRITE_CHAR
BX
ASCII_LOOP

T
WRITE_CHAR
DL,VERTICAL_BAR
WRITE_CHAR

DX
CcX
BX

ENDP

;sWrite separator

;Add another space before characters

;Get back offset into SECTOR

;Draw right side of box

Use NMake to build the new Disk_io, or assemble this new version of Disp_sec

and link your four files (remember to place Disk_io first in the list of files fol-
lowing the LINK command). You'll see nice double bars separating the dis-

play into two parts, as you can see in Figure 16-1.

Adding Addresses to the Display

Now try something a bit more challenging. Add the hex addresses down the
left side of the display. These numbers will be the offset from the beginning of

the secror, so the first number will be 00, the next 10, then 20, and so on.
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EB
82

(54

3C
EB
22]
41
8E
53
8B
13
BE
1E
A3
8B
BB
a1
75
SF

C>disk_io

98 4D 53 44
60 68 89 F9
60 68 60 B8
4C 4C 28 31
DB BC 88 7C
BF 3E 7C B9
B8E 18 7C 88
72 79 33 C8
28 7C ARG 18
7C 83 86 6E
49 7C 69 16
7C 83 C3 48
88 85 BB 16
E8 AC 88 72
BA 8D 7F 28
88 33 Ca CD

55 4E 49 4E 53 UNINS
28 28 28 FA 33 -3
36 C5 37 1E S6 x.647.U
86 1IF C6 45 FE Ew
C7 87 3E 7C FB B>t
89 8B OE 13 7C :

jagurs-" s

A

WA Ko s oet

Figure 16-1: Disk_io with vertical bars added.

The process is fairly simple, since you already have the procedure WRITE_HEX

for writing a number in hex. But you do have a problem in dealing with a
sector 512 bytes long: WRITE_HEX prints only two-digit hex numbers,
whereas you need three hex digits for numbers greater than 255.

Here is the solution. Since your numbers will be between zero and 511 (Oh to
1FFh), the first digit will either be a space, if the number (such as BCh) is below
100h, or it will be a 1. So, if the number is larger than 255, simply printa 1
followed by the hex number for the lower byte. Otherwise, you will print a
space first. Additions to DISP_LINE that will print this leading three-digit
hex number are as follows:

Listing 16-3 Additions to DISP_LINE in DISP_SEC.ASM

DISP_LINE
PUSH
PUSH
PUSH
MOV
MOV

CMP
JB
MOV

PROC
BX

CcX

DX
BX,DX
bL,'

BX,100h
WRITE_ONE
DL, '1"

;0ffset is more useful in BX

;Write offset in hex

;Is the first digit a 1?

;No, white space already in DL

s;Yes, then place '1' into DL for output

continues
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/\ Listing 16-3 continued
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o)
<&

y WRITE_ONE:

CALL WRITE_CHAR

MOV DL,BL ;Copy lower byte into DL for hex output
CALL WRITE_HEX

;Write separator

MOV pbL,"
CALL WRITE_CHAR
MOV DL,VERTICAL_BAR ;Draw left side of box

The results are shown in Figure 16-2.

C>disk_io
88 J] EB 3C 98 4D 53 44 4F 53 35 2E 30 06 62 81 01 88 || 5<EMSD0OS5.8.....
10 02 E8 90 60 8S FI9 87 B0 8F V0 B2 980 60 V8 88 8O (ST

20 || 8o B0 80 98 08 88 29 8D 85 1C 19 55 4E 49 4E S3 || ...... )ia..UNINS
38 || 54 41 4C 4C 28 31 46 41 54 31 32 28 28 28 FA 33 || TALL 1FAT12 3
48 || C8 8E D8 BC 88 7C 16 87 BB 78 88 36 CS 37 1E 56 A ax.647.V

PR T I
98 | 16 1E 7C @3 86 OE 7C 83 D2 88 A3 5B 7C 89 16 52 .iaqg.GPiE.R
AB || 7C A3 49 7C 89 16 4B 7C B8 28 88 F7 26 11 7C 8B iklle.Kiy .=&.17
B8 || 1IE 8B 7C 83 C3 48 F7 F3 61 86 49 7C 83 16 4B 7C toH=<. L 1E LK
C8 || 60 BB 80 85 BB 16 52 7C Al S8 7C E8 92 88 72 1D q..1.RIIPIDR.r.
D8 || B8 81 E8 AC 88 72 16 8B FB B9 8B 88 BE E6 7D F3 S%.r. 189 dp2¢
E8 || A6 75 8A 8D 7F 28 B9 @B 99 F3 A6 74 18 BE 9E 7D || “u.ia §..<%t. 4R}
F8 || EB SF 8@ 33 CO CD 16 SE 1F SF 84 8F 44 82 CD 19 || 3_.3l=.~.4.AD.=.

Figure 16-2: Disk_io after adding hex addresses on the left.

You are eetting closer to the full display. But on the screen, your display is not
g g play y plaj
quite centered. You need to move it to the right by about three spaces. By

making this one last change, you have finished your version of DISP_LINE.
You could make the change by calling WRITE_CHAR three times with a space

character, but you won’t. Instead, you will add another procedure called

WRITE_CHAR_N_TIMES, to Video_io. As its name implies, this procedure
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writes one character N times. That is, you place the number N into the CX
register and the character code into DL, and call WRITE_CHAR_N_TIMES
to write N copies of the character whose ASCII code you placed in DL. Then
you will be able to write three spaces by placing 3 into CX and 20h (the ASCII
code for a space) into DL. The procedure to add to VIDEO_IO.ASM is as
follows:

Listing 16-4 Procedure Added to VIDEO_IO.ASM

PUBLIC WRITE_CHAR_N_TIMES

This procedure writes more than one copy of a character

H H
H H
; On entry: DL Character code H
H CX Number of times to write the character H
H 3
; Uses: WRITE_CHAR ;
EEEEEEEEEEEEEEEERREEEEEE LS - - - - Kk -E - -FECUEEE L E R R LR EE LR R 3
WRITE_CHAR_N_TIMES PROC
PUSH cX
N_TIMES:

CALL WRITE_CHAR
LOOP N_TIMES

POP cx
RET
WRITE_CHAR_N_TIMES ENDP

You can see how simple this procedure is, because you already have
WRITE_CHAR. If you are wondering why we bothered to write a procedure
for something so simple, it is because the program Dskpatch is much clearer
when we call WRITE_CHAR_N_TIMES rather than write a short loop to
print muldple copies of a character. In addition, this procedure will be used
several times again.

The changes to DISP_LINE to add three spaces on the left of your display are
shown in Listing 16-5. Make the changes to DISP_SEC.ASM:
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Listing 16-5 Changes to DISP_LINE in DISP_SEC.ASM

PUBLIC
EXTRN
EXTRN
EXTRN

DISP_LINE
WRITE_HEX:PROC
WRITE_CHAR:PROC
WRITE_CHAR_N_TIMES:PROC

This procedure displays one line of data, or 16 bytes, first in hex, ;
then in ASCII.

; On entry:

Uses:
Reads:

DISP_LINE

PUSH
PUSH
PUSH
MOV
MOV
MOV
CALL

CMP
JB
MoV

WRITE_ONE:

DS:DX Offset into sector, in bytes 1

WRITE_CHAR, WRITE_HEX, WRITE_CHAR_N_TIMES H

SECTOR

DX
BX, DX

BLYY

X} 3
WRITE_CHAR_N_TIMES

BX, 100h
WRITE_ONE
DL, "1

;O0ffset is more useful in BX

;Write 3 spaces before line

;Write offset in hex

;Is the first digit a 1?

;No, white space already in DL
;Yes, place '1' into DL for output

You made changes in three places. First, you had to add an EXTRN state-
ment for WRITE_CHAR_N_TIMES because the procedure is in Video_io,
and not in this file. You also changed the comment block, to show that
you use this new procedure. The third change, the two lines that use

WRITE_CHAR_N_TIMES, is quite straightforward and needs no

explanation.

Try this new version of the program to see how the display is now centered.
Next we will move on to add more features to the display—the top and bot-

tom lines of the boxes.
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Adding Horizontal Lines

Adding horizontal lines to the display is not quite as simple as it sounds, be-
cause we have a few special cases to think about. We have the ends, where the
lines must go around corners, and we also have T-shaped junctions at the top
and bottom of the division between the hex and ASCII windows.

We could write a long list of instructions (with WRITE_CHAR_N_TIMES)
to create the horizontal lines, but we won’t. We have a shorter way. We will
introduce another procedure, called WRITE_PATTERN, which will write a
pattern on the screen. Then, all we will need is a small area of memory to hold
a description of each pattern. Using this new procedure, we can also add tick
marks easily to subdivide the hex window, as you will see when we finish this
section.

WRITE_PATTERN uses two entirely new instructions, LODSB and CLD.
We will describe them after you see more about WRITE_PATTERN and how

you describe a pattern. Right now, enter the following procedure into the file

VIDEO_IO.ASM:

Listing 16-6 Add This Procedure to VIDEO_IO.ASM (Complete
Listing in VIDEO_16.ASM)

PUBLIC WRITE_PATTERN

; This procedure writes a line to the screen, based on data in the 5
; form
3

H DB {character, number of times to write character}, @ ]
; Where {x} means that x can be repeated any number of times g

; On entry: DS : DX Address of the pattern to draw
; Uses: WRITE_CHAR_N_TIMES 3

WRITE_PATTERN  PROC

PUSH AX
PUSH cX
PUSH DX
PUSH SI

continues
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Listing 16-6 continued

PUSHF
CcLD
MOV
PATTERN_LOOP:
LODSB
OR
Jz
MOV
LODSB
MOV
XOR
CALL
JMP
END_PATTERN:
POPF
POP
POP
POP
POP
RET
WRITE_PATTERN

;Save the direction flag
;Set direction flag for increment
SI,DX ;Move offset into SI register for LODSB

;Get character data into AL

AL, AL ;Is it the end of data (oh)?

END_PATTERN ;Yes, return

DL,AL ;No, set up to write character N times
;Get the repeat count into AL

CL,AL ;And put in CX for WRITE_CHAR_N_TIMES

CH,CH ;Zero upper byte of CX

WRITE_CHAR_N_TIMES
PATTERN_LOOP

;Restore direction flag
SI
DX
CX
AX

ENDP

Before you see how this procedure works, we will show you how to write data

for patterns. You will place the data for the top-line pattern into the file

Disp_sec, which is where you will use it. To this end, you will add another
procedure called INIT_SEC_DISP 1o initialize the sector display by writing
the half-sector display. Then you will modify READ_SECTOR to call your
INIT_SEC_DISP procedure. First, place the following data before the .DATA?
where you defined SECTOR (in DISP_SEC.ASM):

Listing 16-7 Additions to DISP_SEC.ASM

-DATA

TOP_LINE_PATTERN

DB
DB
DB
DB
DB

LABEL  BYTE
Co7

UPPER_LEFT, 1

HORIZONTAL_BAR,12

TOP_TICK,1

HORIZONTAL_BAR, 11 W
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DB TOP_TICK,1
DB HORIZONTAL_BAR,11
DB TOP_TICK,1
D8 HORIZONTAL_BAR,12
DB TOP_T_BAR, 1
DB HORIZONTAL_BAR, 18
08 UPPER_RIGHT, 1
DB )
BOTTOM_LINE_PATTERN LABEL  BYTE
D8 0 Oy b2
0B LOWER_LEFT, 1
DB HORIZONTAL_BAR, 12
D8 BOTTOM_TICK,1
0B HORIZONTAL_BAR, 11
DB BOTTOM_TICK, 1
DB HORIZONTAL_BAR, 11
DB BOTTOM_TICK, 1
DB HORIZONTAL_BAR, 12
DB BOTTOM_T_BAR, 1
DB HORIZONTAL_BAR, 18
DB LOWER_RIGHT 1
DB [}
.DATA?
SECTOR DB 8192 DUP (?)

Note that you put all the new data into .DATA rather than .DATA? because
you need to set values for all these variables.

Each DB statement contains part of the data for one line. The first byte is the
character to pring; the second byte tells WRITE_PATTERN how many times
to repeat that character. For example, the top line starts with seven blank spaces,
followed by one upper-left-corner character, followed by twelve horizontal-
bar characters, and so on. The last DB is a solitary hex zero, which marks the
end of the pattern.

We will continue the modifications and show you the result before we discuss
the inner workings of WRITE_PATTERN. Here is the test version of
INIT_SEC_DISP. This procedure writes the top-line pattern, the half-sector
display, and finally the bottom-line pattern. Place itin the file DISP_SEC.ASM,
just before DISP_HALF_SECTOR as follows:
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Listing 16-8 Add This Procedure to DISP_SEC.ASM

PUBLIC INIT_SEC DISP
EXTRN  WRITE_PATTERN:PROC, SEND_CRLF:PROC

; This procedure initializes the half-sector display.

; Uses: WRITE_PATTERN, SEND_CRLF, DISP_HALF_SECTOR
; Reads: TOP_LINE_PATTERN, BOTTOM_LINE_PATTERN

3777 7T T o B T i ’
INIT_SEC_DISP  PROC

PUSH DX

LEA DX, TOP_LINE_PATTERN

CALL WRITE_PATTERN

CALL SEND_CRLF

XOR DX, DX ;Start at the beginning of the sector
CALL DISP_HALF_SECTOR

LEA DX,BOTTOM_LINE_PATTERN

CALL WRITE_PATTERN

POP DX

RET

INIT_SEC_DISP ENDP

By using the LEA instruction to load an address into the DX register,
WRITE_PATTERN knows where to find the pattern data.

Finally, we need to make a small change to READ_SECTOR in the file
DISK_IO.ASM. This will enable you to call INIT_SECTOR_DISP, rather
than WRITE_HALF_SECTOR_DISP, so that a full box will be drawn around
the half-sector display.

Listing 16-9 Changes to READ_SECTOR in DISK_IO.ASM
(Complete Listing in DISK_I16.ASM)

EXTRN  INIT_SEC_DISP:PROC

; This procedure reads the first sector on disk A and dumps the first ;

; half of this sector. -
il - el - ity ol SR IR IRES R e L
READ_SECTOR PROC

MoV AX, DGROUP ;Put data segment into AX

MOV DS,AX ;Set DS to point to data
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MoV AL,0Q ;Disk drive A (number @)
MOV cXx,1 ;Read only 1 sector
Mmov DX,0 ;Read sector number @
LEA BX,SECTOR ;Where to store this sector
INT 25h ;Read the sector
POPF ;Discard flags put on stack by DOS
X6f BXBX +Set—offset—to—@—withinSECTOR
CALL INIT_SEC_DISP ;Dump the first half
MOV AH,4Ch ;Return to DOS
INT 21h
READ_SECTOR ENDP

That’s all you need to draw the top and bottom lines for the sector display.
Assemble and link all these files using NMake (remember to assemble the three
files you changed if you are not using NMake) and give it a try. Figure 16-3
shows the output you now have.

C>disk_io

T
a8 EB 3C 98 4D 53 44 4F 53I3S 2E 38 BBIBZ 81 81 98 || 5<EMSDOS5.P.....
18 || 82 E@ 9B 60 89 F9 B7 DA OF AG B2 0O PP DO PO PO 46" 6°0 00000800 0

AB || 7C A3 49 7C B9 16 4B 7C BB 28 BB F7 26 11 7C 8B
BB 1E BB 7C 83 C3 48 F7 F3 81 86 49 7C 83 16 4B 7C
Ce || 88 BB AP BS 8B 16 52 7C Al SB 7C E8 92 88 72 1D
Do || B8 B1 EB AC B8 72 16 8B FB BS BB P8 BE E6 7D F3
EB || A6 7S BA 8D 7F 20 B9 BB BB F3 A6 74 18 BE 9E 7D

FORrE R

WA .

WA R o

>

Figure 16-3: The Disk_io display with closed boxes.

Let’s see how WRITE_PATTERN works. As mentioned, it uses two new
instructions. LODSB stands for Load String Byte, which is one of the string
instructions—specially designed instructions that work with strings of char-
acters. That is not quite what you are doing here, but the 80x86 doesn’t care
whether you are dealing with a string of characters or just numbers, so LODSB
suits the purposes just fine.
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LODSB moves (loads) a single byte into the AL register from the memory
location given by DS:SI, a register pair you have not used before. You already
set DS in READ_SECTOR to point to the data. Before the LODSB instruc-
tion, you moved the offset into the SI register with the instruction MOV SI,DX.

The LODSB instruction is somewhart like the MOV instruction, but more
powerful. With one LODSB instruction, the 80x86 moves one byte into the
AL register and then either increments or decrements the SI register.
Incrementing the SI register points to the following byte in memory;
decrementing the register points to the previous byte in memory.

Incrementing is exactly what you want to do. You want to go through the pat-
tern, one byte at a time, starting at the beginning. That is what the LODSB
instruction does because you used the other new instruction, CLD (Clear
Direction Flag) to clear the direction flag. If you had set the direction flag, the
LODSB instruction would decrement the SI register instead. We will use the
LODSB instruction in a few other places in Dskpatch, always with the direc-
tion flag cleared, to increment.

Aside from LODSB and CLD, notice that we also used the PUSHF and POPF
instructions to save and restore the flag register. We did this just in case
we later decide to use the direction flag in a procedure thar calls

WRITE_PATTERN.

Adding Numbers to the Display

We are almost through with Part II of this book now. We will create one more
procedure, then it is on to Part III, and bigger and better things.

Right now, notice that the display lacks a row of numbers across the top.
Such numbers—00 01 02 03 and so forth—would allow you to sight
down the columns to find the address for any byte. So, let’s write a pro-
cedure to print this row of numbers. Add the following procedure,
WRITE_TOP_HEX_NUMBERS to DISP_SEC.ASM just after
INIT_SEC_DISP.
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Modify INIT_SEC_DISP (also in DISP_SEC.ASM) as follows so it calls
WRITE_TOP_HEX_NUMBERS before it writes the rest of the half-sector
display.

Listing 16-11 Changes to INIT_SEC_DISP in DISP_SEC.ASM
(Complete Listing in DISP_S16.ASM)

; Uses: WRITE_PATTERN, SEND_CRLF, DISP_HALF_SECTOR ;
; WRITE_TOP_HEX_NUMBERS ;
; Reads: TOP_LINE_PATTERN, BOTTOM_LINE_PATTERN ;

INIT_SEC_DISP  PROC

PUSH DX
CALL WRITE_TOP_HEX_NUMBERS
LEA DX, TOP_LINE_PATTERN

CALL WRITE_PATTERN
CALL SEND_CRLF

XOR DX, DX ;Start at the beginning of the sector
CALL DISP_HALF_SECTOR

LEA DX,BOTTOM_LINE_PATTERN

CALL WRITE_PATTERN

POP DX

RET

INIT_SEC_DISP ENDP

Now you have a complete half-sector display, as shown in Figure 16-4.

There are still some differences between this display and the final version. We
will change WRITE_CHAR so it will print all 256 characters the PC can dis-
play, and then we will clear the screen and center this display vertically, using

the ROM BIOS routines inside the PC.

Summary

You have done a lot of work on the Dskpatch program, by adding new proce-
dures, changing old ones, and moving them from one source file to another.
From now on, if you find yourself losing track of what you are doing, refer to




the complete listing of Dskpatch in Appendix B. The listing there is the final
version, but you will probably see enough resemblances to help you along.

16 7] Enhancing the Sector Display

C>disk_io
81 82 83 B4 85 86 87 98 B9 BA BB 8C BD BE BF ©123456789ABCDEF
T
80 || EB 3C 98 4D 53 44 4F 53 35 2F 38 68 62 A1 A1 96 5<znsmss f8.....
10 || B2 EG 86 66 B9 F9 A7 60 OF 9P B2 90 80 90 88 90 || .«.'.-..........
20 || 0 B8 86 90 BB BB 29 8D B85S 1C 19 55 4E 49 4E S3 || ...... )ia. .UNINS
30 || 54 41 4C 4C 28 31 46 41 54 31 32 28 28 28 FA 33 || TALL 1FATIZ -3
48 || CB BE DB BC 88 7C 16 67 BB 78 88 36 C5 37 1E 56 | LAld. !, . 5x.647.V
50 || 16 53 BF 3E 7C B9 @B 88 FC F3 A4 86 1F C6 45 FE || .Sy>%yl.. <A, . jEn
60 || BF 8B BE 18 7C 88 4D F9 89 47 B2 C7 87 3E 7C FB ....en -6G. u>.:
78 Il CD 13 72 79 33 CB 39 @6 13 7C 74 @8 8B BE 13 7C ¥
80 || 89 BE 28 7C A8 18 7C F7 26 16 7C 83 86 1C 7C 13
96 || 16 1E 7C 83 86 BE 7C 83 D2 B8 A3 58 7C B9 16 52
A8 || 7C A3 49 7C 89 16 4B 7C B8 28 8@ F7 26 11 7C 8B
Bo || 1E 8B 7C 83 C3 48 F7 F3 81 B6 49 7C 83 16 4B 7C
Cco || 8@ BB 88 85 BB 16 52 7C Al 58 7C E8 92 8@ 72 1D
D8 || B8 81 EB AC 88 72 16 BB FB B3 8B 88 BE E6 7D F3
EB || A6 75 8A 8D 7F 20 B9 8B 8@ F3 A6 74 18 BE 9E 7D
F@ || E8 SF @@ 33 CB CD 16 SE 1F BF 84 8F 44 82 CD 19
>

Fzgure 16-4: A comp/ete /Jalf sector display.

Most of the changes in this chapter did not rely on tricks, just hard work. But
you did learn two new instructions: LODSB and CLD. LODSB is one of the
string instructions that allow you to use one instruction to do the work of sev-
eral. You used LODSB in WRITE_PATTERN to read consecutive bytes from
the pattern table, always loading a new byte into the AL register. CLD clears
the direction flag, which sets the direction for increment. Each following
LODSB instruction loads the next byte from memory.

In the next part of this book you will learn about the PC’s ROM BIOS rou-

tines. They will save you a lot of time.
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The ROM BIOS
Routines

In this chapter you will learn how to use the INT 10h ROM BIOS routines
to clear your screen and move the cursor to any location on the screen. You
will rewrite Dskpatch so that it clears the screen before it draws. Then you will
rewrite the code so that READ_SECTOR uses memory variables, rather than
hard-wired numbers. Finally, you will add a status line to the top of Dskpatch’s
screen.

Files altered: DSKPATCH.ASM, DISP_SEC.ASM, CURSOR.ASM,
VIDEO_IO.ASM, DISK_IO.ASM

Disk files: DSKPAT17.ASM, DISP_S17.ASM, CURSOR17.ASM,
VIDEO_17.ASM, DISK_I17.ASM
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Computer chips, or ICs (Integrated Circuits), known as ROMs (Read-Only
Memory) are located inside your computer. One of these ROMs contains a
number of routines, very much like procedures that provide all the basic rou-
tines for doing input and output to several different parts of your PC. Because
this ROM provides routines for performing input and output at a very low
level, it is frequently referred to as the BIOS, for Basic Input Out<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>