











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Undefined line number
Undefined user function
Unknown Volume
Unprintable error
WEND without WHILE
WHILE without WEND

18
74

30
29
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Reserved Words

ABS
ALL
AND
APPEND
AS

ASC
ATN
AUTO
BACKPAT
BASE
BEEP
CALL
CDBL
CHAIN
CHR$
CINT
CIRCLE
CLEAR
CLOSE
CLS
COMMON
CONT
cos
CSNG
CvD
CVI
Cvs
DATA
DATES
DEF
DEFDBL
DEFINT
DEFSNG
DEFSTR
DELETE
DIM
EDIT
ELSE
END
EOF
EQV
ERASE
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ERASEARC
ERASEOVAL
ERASERECT
ERASEROUNDRECT
ERL

ERR

ERROR

EXP

FIELD
FILES
FILLARC
FILLOVAL
FILLRECT
FILLROUNDRECT
FIX

FN

FOR
FRAMEARC
FRAMERECT
FRAMEROUNDRECT
FRE

GET

GETPEN
GOSUB

GOTO

HEX$
HIDECURSOR
HIDEPEN

ik

IMP
INITCURSOR
INKEY$
INPUT
INPUT#
INPUTS
INSTR

INT
INVERTARC
INVERTOVAL
INVERTRECT
INVERTROUNDRECT
KILL




LCOPY
LEFTS$

LEN

LET

LINE
LINETO
LIST
LLIST
LOAD

LoC

LOF

LOG

LPOS
LPRINT
LSET
MERGE
MID$

MKD$

MKI$

MKS$

MOD

MOUSE
MOVE
MOVETO
NAME

NEW

NEXT

NOT
OBSCURECURSOR
0oCTS$

ON

OPEN
OPTION

OR

OUTPUT
PAINTARC
PAINTOVAL
PAINTRECT
PAINTROUNDRECT
PEEK
PENMODE
PENNORMAL
PENMODE
PENSIZE

POINT
POKE

POS
PRESET
PRINT
PRINT#
PSET
PTAB

PUT
RANDOMIZE
READ

REM
RENUM
RESET
RESTORE
RESUME
RETURN
RIGHTS
RND

RSET

RUN

SAVE
SETCURSOR
SGN
SHOWCURSOR
SHOWPEN
SIN
SPACES$
SPC

SQR

STEP
STOP
STR$
STRINGS
SWAP
SYSTEM
TAB

TAN
TEXTFACE
TEXTFONT
TEXTMODE
TEXTSIZE
THEN
TIME
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TIMES
TIMER
TO
TROFF
TRON
USING
VAL
VARPTR
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WAIT
WEND
WHILE
WIDTH
WRITE
WRITE#
XOR




Appendix D

Logical Operators

In Chapter 2, Section 2.2, we introduced the logical operators NOT, AND, and OR in
connection with IF..THEN and IF..THEN..ELSE statements. Actually, there are
several other logical operators which are available. In this appendix we explore the
subject of logical operators in greater detail.

There are six logical operators: NOT, AND, OR, XOR, EQV, and IMP. In the sec-
tion Conditions for IF Statements we explore their role in building compound condi-
tions for IF statements. In the section Operations on Integers we show how they
operate on integers.

Conditions for IF Statements

Some common types of conditions involve the following relationships between num-
bers or strings.

Relationship Numbers Strings
= is equal to is identical to
= is less than precedes alphabetically
> is greater than follows alphabetically
<= is not equal to is not identical to
<= is less than or precedes alphabetically
equal to or is identical to
>= is greater than follows alphabetically
or equal to or is identical to

Note: Non-alphabetical characters are ordered according to their ASCII values.
Conditions involving relationships between numbers or strings are either true (T)
or false (F). Some examples of simple conditions, along with their truth values, are

Condition Truth value Condition Truth value
2 < 3 T 4(Yl' > IIXII rI!
213 = 372 F YA == B F

Compound conditions can be formed by negating and/or combining simple condi-
tions with logical operators. The truth value of a compound condition can be deter-
mined by the truth values of the component simple conditions and the logical
operators used. In the following table, the conditions condl and cond2 are used to
form compound conditions. For each of these compound conditions, the table speci-
fies when the compound condition will have the truth value T.

Compound Condition = Requirements for a Truth Value of T

NOT condl True only if cond] is False
condl AND cond2 True if both cond1 and cond2 are True
condl OR cond2 True if one or both of cond1 and cond2 are True
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condl XOR cond2 True if exactly one of condl or cond2 is True

condl EQV cond2 True if both condl and cond2 are True, or if both are
False

condl IMP cond2 True if cond1 and cond2 are both True, or if condl is
False

The meanings of NOT, AND, and OR are obvious. XOR means eXclusive OR. The
terms “EQuiValent” and “IMPlies” have different meanings in the field of logic than
they do in everyday usage. Formally, two statements are said to be logically equiva-
lent if they have the same truth values. Hence, any two true statements are equiva-
lent. Formally, one statement is said to logically imply another statement if whenever
the first statement is true, then so is the second. In the event that the first statement
is false, then the compound statement “statementl implies statement2” can be
thought of as being vacuously true.
Some examples of compound conditions, along with their truth values, follow:

Compound condition Value

NOT (“A” >= “B”)

2 < 3AND 2A3 = 3A2

2 <30R2A3 = 3A2

2 < 3XOR 2A3 = 3A2

(“A” >= “B”) EQV (“Y’ <> “y")
(‘A7 >= “B) IMP (“Y" <> “y")

HmHEaHmA

Compound conditions can involve more than one logical operator. If so, the order
in which the operations are executed is first NOT, then AND, then OR, then XOR,
then EQV, and finally IMP. For instance, the condition NOT (“A” > =“B"”) OR (2<3)
is the same as the condition (NOT (“A”>=“B")) OR (2<3) and hence has the truth
value T.

MSBASIC assigns the number -1 to true conditions and the number 0 to false con-
ditions. The following examples illustrate this feature.

Examples

1. PRINT#2<3, "B"<A"
=i 0

28 10 INPUT "Type an uppercase letter: ", L$
20 ON (L$<'"N")+2 GOSUB 40, 60
30 END
40 PRINT "This letter is in the first half of the alphabet.”
50 RETURN
60 PRINT "This letter is in the second half of the alphabet."
70 RETURN
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Type an uppercase letter: Q
This letter is in the second half of the alphabet.

In this instance, the value of L§ was “Q” and so the false condition L§<“N”
received the value 0. Hence the value of (L§<“N’’)+ 2 was 2 and therefore line
20 branched to the second subroutine.

Operations on Integers

We restrict our discussion to operations on the integers from 0 to 255 involving the
logical operators AND, OR and XOR. We assume that the reader is familiar with the
binary representation of integers. (See Appendix B for details.)

For the moment, let’s consider just the two integers 0 and 1. The following tables
give the definitions of the logical operations AND, OR and XOR for these 2 values.

AND 0 1 OR 0 1 XOR 0 -1
ORREE0S 0 R )81 0 0 1
R () 1 1 1 1 1 0

These definitions make sense if we think of 0 as false and 1 as true.

The logical operators above can be extended to eight-tuples of zeros and ones by
operating on corresponding entries of the eight-tuples individually. For instance,
01000111 OR 10010011 is 11010111 and 01101010 XOR 11010100 is 1011110.

Let m and 7 be any two integers between 0 and 255. To apply logical operators to
m and n, first represent each of them in binary notation as an eight-tuple of zeros
and ones. (After obtaining the binary representation of the numbers, just append
some zeros to the left, if necessary, to obtain eight-tuples.) Then apply the logical
operators to the eight-tuples and convert the resulting eight-tuple back to an integer.

Further Examples

3. PRINT 135 and 11
3

The numbers 135 and 11 correspond to the binary eight-tuples 10000111 and
00001011. Now, 10000111 AND 00001011 is 00000011, which is the binary repre-
sentation of 3.

4. The following demonstration program combines numbers that are specified by
the user.

10 CLS: DEFINT A-Z

20 INPUT "first number (between 0 and 255)";F
30 INPUT "second number (between 0 and 255)";S
40 INPUT "logical operator: AND, OR, XOR";L$
50 D = F: GOSUB 170

60 PRINT F,,DCB$
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70 D = S: GOSUB 170

80 PRINT S,,DCB$

90 IF (L$="AND") OR (L$="and") THEN D = F AND S
100 IF (L$="OR") OR (L$="or") THEN D = F OR S
110 IF (L$="XOR") OR (L$="xor") THEN D = F XOR S
140 P = D: GOSUB 170

1508PRINTME == [E$-5S »wijis L=mP s DCBY

160 END

170 REM Convert D to binary eight-tuple

180 FOR I = 8 TO 1 STEP -1

190 B(I) = D MOD 2: D = D\2

200 B$(I) = RIGHT$(STR$(B(I)), 1)

220 NEXT I

230 DCB$ = B%$(1)

240 FOR J = 2 TO 8: DCB$ = DCB$ + B$(J): NEXT J
270 RETURN
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ABS, 218, 231

absolute error, 330
absolute value, 217, 231
adding to a data file, 130
alphabetical order, 159
alphabetize, 328, 509
AND, 62, 330, 551
animation, 463
apostrophe, 9, 469
APPEND, 426

Apple Macintosh, 3
applications of loops, 54
arcsine function, 495
arctangent, 235
argument, 274

arithmetic, 8, 9, 45

array, 81, 82, 283, 432, 528
array variable, 279, 293
ASC, 152, 233

ASCII character code, 151
ASCII code, 151

ASCII format, 147, 402, 491
ASCII value, 233, 248, 328, 333, 544, 545
aspect ratio, 175

asterisk, 445

ATN, 215, 235, 515

AUTO, 36, 237

B option, 171
backslash, 46

bad file mode, 125, 195
barchart, 181

BASIC, 3

BASIC'’s data segment, 256, 313
BASIC's stack, 256, 313
BEEP, 188, 239

BF option, 171

binary format, 491
boldface, printer, 396
break in line, 117
break in xxxx, 15
BRIDGE, 13

555

bubble sort, 141, 142, 144

bubble sort subroutine for strings, 158
buffer, 258, 316, 370

byte, 135

CALL, 200, 240

CALL ERASEARC, 202
CALL ERASEOVAL, 202
CALL ERASERECT, 202
CALL FILLARC, 202

CALL FILLOVAL, 202
CALL FILLRECT, 202
CALL FILLROUNDRECT, 203
CALL FRAMEARC, 202
CALL FRAMEOVAL, 202
CALL FRAMERECT, 201
CALL FRAMEROUNDRECT, 203
CALL GETPEN, 201

CALL HIDECURSOR, 201
CALL HIDEPEN, 200
CALL INITCURSOR, 201
CALL INVERTARC, 202
CALL INVERTOVAL, 202
CALL INVERTRECT, 202
CALL LINE, 201

CALL LINETO, 201

CALL MOVE, 201

CALL MOVETO, 201

CALL OBSCURECURSOR, 201
CALL PAINTARC, 202
CALL PAINTOVAL, 202
CALL PAINTRECT, 201
CALL PENMODE, 201
CALL PENNORMAL, 201
CALL PENPAT, 201

CALL PENSIZE, 201

CALL SETCURSOR, 201
CALL SHOWCURSOR, 201
CALL SHOWPEN, 201
CALL TEXTFACE, 200
CALL TEXTFONT, 200
CALL TEXTMODE, 200



CALL TEXTSIZE, 200 DATA, 87, 88, 89, 91, 269, 466, 475

can’t continue, 120 data file, 123, 258

carriage return, 151, 154 DATES$, 99, 100, 272

CDBL, 218, 242 debug, 115, 120, 263, 297, 325, 373, 376,
center, 172 442, 471, 473, 504, 522
CHAIN, 194, 244, 261 debugging hints, 120

CHAIN MERGE, 147, 195, 245 decisions, 60

chaining program, 194 DEF FN, 219, 274

character types, printer, 392 DEFtype, 279

CHRS, 152, 153, 248 DEFDBL, 195, 210, 279

CINT, 218, 250 defining your own functions, 219
CIRCLE 7,168,172, 173,175,251 DEFINT, 195, 210, 279

circular arc, 172, 173 DEFSNG, 195, 210, 279
CLEAR, 85, 255, 293 DEFSTR, 210, 276, 279
clipboard, 42, 256, 537 delay, 56

clipping, 168 DELETE, 34, 281

clock, 518, 520 delete a disk file, 353

CLOSE, 125, 258 deleting an array, 87

CLS, 55, 260 deleting program lines, 33
color, 167 delimiter, 131

comma, 440, 448, 513 dice, 105

command mode, 19 DIM, 83, 84, 283

command window, 4, 5, 7, 40 direct mode, 13, 19, 295, 479
command-C, 13, 67 directory, 146

COMMON, 195, 261 disk not ready, 193

common logarithmic function, 386 division, 9

compound condition, 551 division by zero, 119
compressed format, 147 dollar sign, 445

computed GOSUB, 321 double-click of mouse button, 413
computed GOTO, 324 double-precision, 205, 242, 279
computer animation, 435 double-precision constant, 206
computer art, 177 double-precision number, 205
computer graphics, 165 double-precision variable, 26, 209
constants, 8 doubly-subscripted variable, 82
CONT, 121, 262, 289, 503 drawing with mouse, 415
control menu, 13, 15, 17, 18, 117 drawing a rectangle, 362
coordinate, 165 drawing a sector, 252

copy, 42 drawing a straight line, 362
COS, 212, 215, 264 drawing an arc, 252

cosine function, 264 drawing graphs, 364, 455

COT, 215 duplicate definition, 86, 120
CSC, 215

CSNG, 218, 266

cut, 42 EDIT, 287

CVD, 138, 267 edit menu, 42

CVI, 267 editing, 38

CVS, 137, 138, 267 eject, 7
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ELSE, 329

END, 65, 262, 289

ending a session of MSBASIC, 7
EQF, 128, 291

EQV, 551

ERASE, 87, 293

erasing a file, 146

erasing a program from disk, 35
ERL, 193, 194, 294

ERR, 193, 194, 294

error, 115, 194, 296

error handling subroutine, 294, 420, 477
error message, 118, 296, 546
error trapping, 192, 294, 420, 477
error-trapping routine, 193
error-trapping statement, 193
examine variables, 121

execute mode, 19

EXP, 216, 298

exponential format, 45
exponential function, 298
exponential random variable, 487
exponentiation, 45

FALSE, 128

field, 136, 137, 301

file, 7, 13, 123, 146

file buffer, 134

file command, 146

file menu, 7, 13

file not found, 193

file specification, 34
filename, 416

FILES, 304

filespec, 230, 491

FIX, 218, 306, 351
flowchart, 113, 114
font, 249

FONT 0, 545

FONT 1, 544

FOR, 50, 307

FOR APPEND, 130
FOR without NEXT, 52
FOR. . NEXT, 59, 65, 307, 358
FOR. . NEXT STEP, 59
form feed, printer, 396

format string, 443
formatting, 92
formatting numbers, 94
FRE, 285, 313

function, 214, 217

gambling, 103

garbage, 313, 401

GET (Files), 137, 316
GET (Graphics), 186, 318
GOSUB, 76, 321

GOTO, 63, 324

greatest integer, 217

hard copy, 29

hash sort, 234

headline printing, 392
heap, 256, 313

HEXS$, 326

hexadecimal notation, 326
horizontal tabbing, 93
housecleaning, 313
hypotenuse, 213

icon, 4

IF, 328

IF.. . THEN, 61, 63, 65, 68, 70, 328

If. . .THEN. . .ELSE, 61, 63

illegal function call, 79, 119

illuminate a pixel, 167

immediate mode, 3, 13, 19, 121

IMP, 551

index, 307, 308, 309

infinite loop, 67

INKEYS$, 191, 192, 332

INPUT, 67, 68, 69, 70, 71, 87, 126, 128,
335, 339, 345, 426

input past end, 128

INPUT#, 132

INPUTS, 72

inputting a typed line, 6

inputting data, 87

inscribed polygon, 180

INSTR, 160, 348
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INT, 105, 110, 217, 351
integer, 46

integer constant, 205
integer division, 46
integer precision, 250
integer type, 209
interest, 299, 412

Kemeny, 3

keyboard, 430

keyboard buffer, 191, 332
KILL, 35, 146, 353

Kurtz, 3

last point referenced, 166, 260, 362, 363

LCOPY, 354

left justification, 136

LEFTS, 155, 156, 355

left-justify, 399

LEN, 135, 155, 357

length of file, 383

length of string, 357

LET,22::23"359

line, 168, 170, 171, 362

line clipping, 363

line feed, 151, 154

line feed character, 344, 371

LINE INPUT, 71, 72, 367, 370

LINE INPUT #, 133

line numbering, 237

line spacing, 394

LIST, 15, 18, 30, 34, 372

list window, 15, 39
changing the size of the list window,

31
closing a list window, 33
manipulating the list window, 31
moving the list window, 31
scrolling in the mouse window, 31
using several list windows
simultaneously, 31

literals, 446

LLIST, 33, 375

LOAD, 35, 148, 377

loading a program, 35
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LOC; 138, 379

LOF, 138, 383

LOG, 214, 216, 298, 386
LOG,, 216

logical operations on integers, 553
logical operator, 330, 551
logical variable, 128
loop, 50, 58, 307, 531
loop variable, 50
LPRINT, 29, 391
LPRINT USING, 98, 391
LSET, 136, 399

machine infinity, 299, 336, 388

machine language program, 434, 437

machine language subroutine, 240

machine zero, 388

mailing list, 129

making loops more readable, 50

manipulating line numbers, 36

mathematical functions in MSBASIC,
214

memory, 433

memory allocation, 255, 285, 313

memory location, 434, 437

menu bar, 7, 13, 42

MERGE, 36, 147, 148, 402

merging programs, 148

MID, 405

MIDS§, 155, 156, 355

missing operand, 120

MKD§, 138, 408

MKI$§, 138, 408

MKS$§, 136, 138, 408

mc»d, 46

mouse, 15, 196, 196, 411

mouse button, 4

MSBASIC, 3,7

MSBASIC commands, 30

MSBASIC icon screen, 7

multiple PRINT statements, 440

multiple-choice, 332, 412

multiplication, 9

NAME, 147, 416




natural logarithmic function, 386 polygon, 178

nested loops, 52, 310, 532, 533 POS, 438
nested subroutines, 78 power, 217
NEW, 17, 18, 30, 417 precision, 276, 279, 359, 410, 467
NEXT, 307 PRESET, 167, 168, 453
NEXT without FOR, 120 PRINT, 9, 20, 391, 439, 450
normal curve, 300 PRINT USING, 95, 96, 97, 443
NOT, 330, 551 print zone, 440, 442, 450, 535
numeric constant, 8 PRINT #, 131, 133, 450
numeric variable, 526 PRINT # USING, 450
numerical precision, 26 printed listing, 33

printer, 29, 354, 373, 375, 389, 391, 392,

394, 429, 436

OCT$, 418 printing words, 20
ON ERROR, 420 program, 13
ON ERROR GOTO, 193 program file, 123
on one line, 23 program mode, 19
ON...GOSUB, 79, 423 program name, 34
ON...GOTO, 423 programming tips, 38
OPEN, 13, 124, 125, 130, 379, 426 prompt, 335, 367
OPEN. . .FOR APPEND, 130 protected format, 147, 148, 491
OPEN. . .FOR INPUT AS, 127 PSET, 167, 168, 453
OPEN. . .FOR OUTPUT AS, 125, 126 pseudorandom, 485
OPTION BASE, 86, 432 PTAB, 456
option key, 336 PUT (Files), 458
OR, 62, 330, 551 PUT (Graphics), 186, 460
order of operations, 9, 330 Pythagorean theorem, 213

order relations among strings, 157
out of data, 91, 120

out of memory, 120 question mark, 335, 442
output, 92, 426 quit, 7
output window, 4, 5, 7, 165, 535 quotation marks, 9, 269
overflow, 119
radian, 173

page length, printer, 396 radian measure of angles, 211
parametric equations for the ellipse, radius, 172

175 RAM, 17, 18, 19
parentheses, 9, 11 random access file, 134, 135
pass, 142 ' random file, 234, 301, 316, 342, 381, 384,
paste, 42 408, 428, 458
PEEK, 434 random number, 484
pie chart, 183 random number seed, 104
pixel, 165, 438, 453, 512 RANDOMIZE, 104, 105, 106, 107, 464
planetary orbit, 178 READ, 88, 89, 91, 466
POINT, 167, 435 recalling a graphics image, 185
POKE, 437 record, 134, 135
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rectangle, 168, 170

redo from start, 337

reference number, 258, 426
relative coordinate, 166, 167
relative coordinates, 363
relative error, 330

REM, 28, 270, 469

remark, 28, 469

renaming a file, 147

RENUM, 36, 472

repetitive operation, 49
reseeding, 464

reserved words, 359, 548
RESET, 474

RESTORE, 91, 475

RESUME, 194, 477

RESUME NEXT, 194
RETURN, 76, 321, 479

Return character, 340, 370, 541
Return key, 7

RETURN without GOSUB, 120
right justification, 136
RIGHTS, 101, 155, 156, 355, 482
RND, 103, 105, 110, 223, 484
ROM, 200

ROM routines, 200

roulette, 106

rounding, 306

round-off error, 208, 232, 330, 533
RSET, 136, 399

RUN, 13, 17, 18, 30, 117, 488

SAVE, 35, 147, 373, 491

SAVE.. A, 147, 195

SAVE. . . P, 148

saving a graphics image, 185

saving a program, 34, 147

scientific notation, 45

screen, 429

scrolling, 504

SEC, 215

sector of a circle, 252

selecting a piece of text, 42
selecting MSBASIC, 5

semicolon, 92, 131, 368, 440, 441, 448
semicolons in PRINT statements, 92
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sequential file, 124, 131, 134, 340, 346,
370, 379, 383, 426, 450, 541

setting the clock, 100

several statements, 23

SGN, 218, 424, 494

simulation, 221, 222

simulation of a computer store, 223

SIN, 212, 214, 215, 495

sine function, 495

single-precision, 205, 266

single-precision constant, 205

single-precision number, 205

single-precision type, 208, 209

sorting, 141

sorting techniques, 141

sound, 188

SPACE$, 498, 500

SPC, 94, 131, 499

SQR, 501

square root function, 501

stack, 479

standard-width character, 456, 499

starting Microsoft BASIC, 3

statements that extend beyond a single

line, 23
STEP, 166
STOP, 13, 55, 121, 262, 503
STR, 505
STRSE, 156, 410, 524
straight line, 168
string addition, 154
string concatenation, 154
string constant, 8
string formula too complex, 120
string manipulation, 356, 407, 483
string too long, 120
string variable, 27, 527
STRINGS, 507
structured programming, 323
structuring solutions to problems, 73
subroutine, 75, 76, 77, 321, 404, 425,
470, 481
subscript, 81, 283
subscript out of range, 120
subscripted variable, 81
SWAP, 27, 509
syntax error, 4, 118, 119




SYSTEM, 7, 511
system unit, 4

TAB, 93, 98, 131, 512
tabular data, 81

TAN 212, 215,515

tangent function, 235, 515
telling time, 99

THEN, 328

TIMES$, 99, 100, 518
TIMER, 101, 520

top-down programming, 323
trace, 115

trace on, 117

trailer value, 271

triangle, 169

trigonometric function, 212
TROFF, 118, 522

TRON, 117, 522

TRUE, 128
two-dimensional array, 82
type declaration tag, 206
type mismatch, 91, 120, 132

undefined line number, 119
underline, printer, 396

undisplayable character, 540

user-defined function, 274

user-friendly, 234, 310, 350, 356, 506,
525

VAL, 101, 157, 234, 336, 355, 524
variable, 22, 24, 359

variable initialization, 75
variable types, 209

variants of PRINT USING, 98
VARPTR, 526

WEND, 531

WHILE, 531

WHILE. . WEND, 66, 531
WIDTH, 394, 535

word processor, 161
WRITE, 126, 131, 539
WRITE #, 541

x-coordinate, 165
XOR, 551

y-coordinate, 165
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