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( AGENDA )

Series 200 Basic
Operating and Programming
Course

Day 1
Documentation
Basic Operations

Data Representations
and Operations

L Dl—y

\
( Day 2
Program Structure and Control
Day 3
Mass Storage Technigues
Day 4
I/0 Frogramming
Day 5
Graphics Programming
N ")

NOTES

NOTES



NOTES

NOTES

( DOCUMENTATION

OBJECTIVES:

Ident1fy the correct
manual to use

Locate critical
information efficiently

\_ p1-3

( MANUALS TELL YOoU )

HOW TO
Install the computer
Install Memory-Interface

Configure your system

Test system caomponents

Write correct program |ines
Control devices with a program

Correct program errors

\ Dl—zu




([ SERIES 288 MANUAL ) NOTES
STRUCTURE
BASIC Operating Manual
BASIC Programming Techniques
BASIC Language Reference
BRSIC Interfaceing Techniques
Extensions
\_ D1-5)
[ BASIC OPERATING )
MANUAL NOTES

-First manual

— Shows how to install and
set up the computer

—Used by operator thereafter
—hot the programmer—

k D1-6




NOTES

NOTES

TECHNIQUES

- The programmers "how - to"
-Structure programs
- Save data
—Chain programs
—Program graphics

-Problem—criented approach

—Programming examples

-

( BASIC PROGRAMMING

Dl—74)

BASIC LANGUAGE

REFERENCE

—The programmer’s reference
-Shows syntax required

—Describes statements
"technically”

—Organized alphabetically

— Includes Reference Tables
at back

D1-8
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( BASIC INTERFACING )
TECHNIQUES

- The system designer’s "how-to"

-Use to learn to collect data
and control devices
—Describes how to
—Program interface cards
—Handle events
—Control instruments

—-Organized by Task & Interface

\ Dl—9j

[ EXTENSIONS

—Specific programmer "how-to"
for language additions, user
programs or both

—0Organized by task

NOTES

NOTES



NOTES

NOTE>

( - —_
UPDATES h
~Correct cutdated or erroneous

info in manuals
- Jdentify page #, revision #,
revised text

— Incaorporate ugdates before
using manuals !

\» Dhgj

f | " - [} ]

NHERE DO I LOOK ? )

-Setting memory board switches 7

—Setting interface koard
switches 7

—~lhWhat statements store & retrieve
data off the disc 7

—WWhat are character'ztics of
subprograms

—How can I implement an N-way
branch 7

—nAhat are allcwable extensions to
the LIST statsment 7

—How many parameters allowed for
CALL 7

D1-12
N y
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(" BASIC OPERATIONS )

Ob jectives
1.5et up and use an Autostart

file

2.Execute Live Keyboard
Operations

3.Edit Programs

Dl—l3j

AUTOSTART )

Autostart: Automatically start

running a user program at
power—up time

Four Elements:
l.Power-up
2."Boot" the Operating System
3.LOAD Program (AUTOST)
4 .RUN

Dl—l4)
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NOTES

NOTES

(BOOT THE OPERATING

SYSTEM

Prioritized:
1.DISC

2.ROM (built—in)

R.If more than one 0.5.
operator can select

B.If no selection is made,
priority by board address

the

[ LIVE KEYBOARD )
OPERATIONS
-While running a program the
Series 208 still recognizes

keypresses
is normally unaffected

- Program
live Kbd.

and unaware of

5¥LOG (1.85)/SIN (.?77) | EXECUTE

k Dl—lG_)




(KEYBOARD FUNCTIONAL )
AREAS

Dl—l74}

( SYSTEM KEYS

DISPLRY DUMP DUMP ANY
FCTNS ALPHA GRAPHICS CHAR
EDIT \ IHLPHH \ %RHPHICS‘ { STEP J
CLR SCR SET TRB  CLR TAB STOP

[CLR LN ] ]RESULT ’ {PRT HLL} ‘CLR 1/0‘

Dl—lSJJ
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NOTES
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NOTES E D IT1 l“\JG“ KE Y?,__., )
ms v | e | [ recau |
s com| peLow  [ceeen)
\_ Dl»'Ly
e —
NOTES CURSOR CONTROLS

D1-2
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[ PROGRAM CONTROLS )

-

KEYS: COMMANDS:
RESET LIST
E‘PEE] REN
DEL
R |
execute |
Dl—21j
- )
INDICATORS

Run Indicators

% Program running

- Program paused (waiting)
Program stopped

? Waiting for keyboard input

* Keyboard execution

IO Waiting for I/0 completion

Khob Indicators
I Scrolling
— Scanning

Dl—22J

11

NOTES

NOTES



NOTES

NOTES

(

-

FDITING FEATURES )

i INS LN | Insert Line Mode

LDH-QLJ Delete Line at Cursor

T Recover l'ast line

| RECALL executed or deleted

fﬂ[@ =] =] Cursor Keys

Lo Knob
[ Insert characters at
Lﬂﬁfﬂﬂ cursor
Dﬂ_um] Delete characters at
! ali cursor
Auto—repeat capability on keys

Dley

r

PROGRAM EDITING )

Type
GET "EDITI1"
Press TE?EEUTE}

Press 3VEDI'I'A

Rotate the KNOB
(Rotary—-FPulse-Generator)

Scrolling I Scanning ™

Dl1-24
_/
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-

PROGRAM EDITING

Line 10@ should be
190 PRINT "Any text will do"

Line 110 should be
119 PRINT "Your NAME here"

Line 120 should be
1280 PRINT"Your ADDRESS here"

Remove the exclamation marks,
then press [EEEEEJ

Dl—ZQ

-

PROGRAM EDITING )

—Delete line 190,288 to
eliminate the first
run—time error

— Change the GOTO line number
of line 158 to eliminate
the second

Dl—2§)
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NOTES

STARTING FROM
SCRATCH

SCRATCH l?
"A" for ALL
[EXECUTE|

[EXECUTE]

190

Dl—2?4/

20 OM T GOTO 226,400,510
ag !
148 !

14

la REM Computation of Depreciation
20 REM Three computation methods
28 !

48 FRIMT

54 FRIMT

64 FRINT "Ewnter a 1 for Straight-Line
e FRINT "Enter a 2 tor Decling Balanc
=15) FRIMT "Enter a 2 for Sum-of-YVears
39 ITHFUT "Method™", 1

188 INPUT "Enter the wvaluys",V

11a IMNFUT "Enter the number of wearsz",H
128 FRIMT

1268 !

148 O I G270 168,198,228

158 !

18 PRIMT "Straight-1lime method”

178 GOTO z48

l1za !

196 PRIHT "Teclining balance method"
289 GOTO 248

218 !

z22e PRINT "Sum-of -wears methog"

239 !

246 LET I=a

258 LET D1=%-H

z2e@ LET F1l=4-ih 2

2re FRIHT "Year"," Depr"," Yalus"

228 LET J=I+1

3

3

method”
e method"

meEt bod "



FEM Straight-line method

1

LET V=¥-D1

FRINT J,D1,%

IF J<H THEHW Zzz@a

STOP

!

!

FEM Double decliming balance method

¥ O Y I CN BTSN 7 B T I 0% R Y]
DUl s I x O e ST IS SN U LV ]
DD OO0 @ E R

41 !
4z LET DE=c2 Hisy

436 LET D2=DROUNDCDZ, &
440 LET V=V-DZ

456 LET Y=DROUNHDCY, &2
4e0 FRIWNT J,D&,V

478 IF J<M THEHW 2g&

4588 STOP

498 !
586 !
S1a FEM Sum-of-wear's digits method

|

LET FZ=H-J+1

LET D3=F1*F2Z

LET DI3=DRQOUNDCDZ, &
LET Y¥=V-D3

LET YW=DROUMDOY, &5
FRINT J,D3,%

IF J<H THEH Z:Z@

ENWIDI

DI o I A R S I o

Tv N n R n ol on
LU R Tt I v O BN NN PV (N}
Dax)

= M

[ SPACE DEPENDENT

- Keywords recognized regardless
of case (upper or lower case)

—Line Labels & Variable Names
are converted to initial caps

and lower case, automatically

— Beware of misspelled keywords |

K D1728J
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NOTES

NOTES

N

Character restrictions:
l1.First character: uppercase

15 Character names:Variables

13 Character names:Functions
18 Character names:Files

.Remaining characters:

NAMES )

letters, or characters with
ASCII codes 161 thru 254

lowercase letters, numerals
underscore, or characters
g%ﬁh ASCII codes 161 thru

Subprograms
Com labels
Line labels

Dl—29j

r

BASIC TERMINOLOGY )

Keywords
GOSUB

Statements
LIST 158, |00

Pro
11

Functions
SINCX)

Exp
S@xSIN(X)/7368%(SARCY)+Z)

Commands -
REN 1883, 5 [

ram lines
Loop:GOTO Loop

ressiaons

EXEC LJ?EJ

Dl—S‘O/
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A BASIC REVIEW )

GET "REVIEW" [EXECUTE |

Discuss the program

Run the program

Dl—SJ

-

BASIC DATA )
REPRESENTATIONS AND
OPERATIONS

Ob jectives
Select the optimum data type
for applications

Select the appropriate

built—in operation or functian
that produces the desired
results

D 1—39
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NOTES

NOTES

(THE FOUR DATA TYPES )

Real (Floating Foint Numbers)
Integer (Whole Numkers)

String (Characters)

@Name (Data Paths)

& Dl-SSJ

NUMERIC A
REPRESENTATIONS

(Real and Integer)
—Canstants
3.1415826

—-Simple Variables
X, Index _are, Value

—HArray Variakles
R(I,J), Volts{Time,Range)

\k DLs{/
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SIMPLE INTEGERS )
18 INTEGER Alpha, Omega
(Explicit declaration)

—Whole numbers only

- 16 bit representation

- Twoc s complement number
- Range; -32768 to +32767
—Storage; 2 bytes
—Speed: Fastest math

er (value=18)

Inte
ofalo[oelajas s s 0 o1 o)

Upper byte Lower hyte

1-35)

\—

—Default numeric representation
—Whole number and fractiaonal

-B64 bit representation

- Range: RApprox +2E308, *+2E-308
- Precision: 15 decimal digits
—Speed: 2-5 times slower than

SIMPLE REARLS

2P0 RERL Maximum, Minimum
(Explicit declaration)

part

1l bit exponent (E+308)

93 bit mantissa
(1S plus digits)

integer

Dl—?f)
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NOTES

NOTES

( REAL NUMBER )

REPRESENTHTION

SE [ 1164t Eponent | \MM#?
Byte 7 (MSB) Byte 6
= —— Mantlssa —— — ———
B Byte 5 i Byts 4
e Mantiﬂ ssa ——— -
*ﬁ Byte 3 ! Byte 2
- —_— Hantiﬂssa :
Byte | ’ Byte B(LSBE)

L D1—3'7J

[ NUMERIC ARRAYS )

25 OPTION BRSE 1
30 DIM Big—_array (1008, 1880)
35 INTEGER Twobit(-58:508, 1808)

—Default is OPTION BARASE 4
—Maximum 6 dimensions

-~ Maximum 32767 elements/
dimension

—Implicit lower bound
(OPTION BASE)

~Explicit lower bound (-58:58)

—Default 18 element, n-dimension
REAL array unless explicity
declared

K Dl—38‘/
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~
([ ARRAY EXAMPLES NOTES
18 DIM A(2,3) 18 OPTION BRSE 1
28 R(1,2)=3.14 20 DIM A(18B1:
30 END 1884,4)
3P A(1883,4)=31
4@ END
%] 1 2 3 1 2 3 4
2 1981
1982
1 3. 14 1983 31
pod 1984
\k D1-39 )
(" )
INTEGER OPERATIONS NOTES
Arithmetic Operators
Integer arguments, integer
result
A= B+C Addition
A= B-C Subtraction
A= B*C Multiplication
A= B DIV C Division Quotient
A= B MOD C Division Remainder
922 =4 + Remainder |1
g DIV 2 =
) g MOD 2 = 1
L Yy

21



NOTES

NOTES

( INTEGER OPERATIONS )

2. Arithmetic Functions

A= ABS(B) Fbsolute value
A= SGN(B) Sign (-1,@, 1)
A= INT(3.14159) Integer part

The integer value of any number
is the next lower whole number!

INT(3.14153) = 3
INT(-3.141538) = -4

[ INTEGER OPERATIONS )
3.Relational Operatcrs
<, K=, =, os= > <>
IF RA<KB THEN L=ss than
IF A<>B THEN Not egual
IF A=B THEN Equa!
IF A>B THEN Greater than

—Relation true: One
—Relation False: Zeroc

\7 Dp%y

V]



= )
( INTEGER OPERATIONS NOTES

4.Logical Operators
~AND, OR, NOT, EXOR
IF NOT(A>=B) THEN Less_than
IF (A<B) EXOR (C<D) THEN

Only one less
IF (A<B) AND (C<D) THEN

Both less
Hg]j OHR E)%DR
1 2 1 @ |1
8 |e @ 8 le 1 8@ 8 |1
3 11@ 1 : 11101 : 111 )@
k D1-43 )
(' — )
INTEGER OPERATIONS NOTES

5.Binary Operations

~BINAND, BINIOR, BINCMP,
BINEOR, SHIFT, ROTATE, BIT

A = BINAND(B,C)
A = SHIFT(B,8)

IF BIT(A,2) THEN Bit_set
A = ROTATE(B, -8) %
1
SHIFT =Ll [ I T I T T T TTTITITT]
r " i 4
ROTHTE@ﬂJ LT lll [T TTTTTT]

\_ Dl—4y
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NOTES

NOTES

REAL NUMBLER A
OPERATIONS

l.Arithmetic Operalors
Real arguments, real result
+,-,%,-,t, MOD, DIV
A = B!C

2.Arithmetic Funct:ons
LOG,LGT,EXP,SQR,ABS, SGN,
DROUND, RND, (RENDOMIZE)

A = EXP(B)

L Dl—45)

(f3.Trigonometric Functions \
SIN,COS, TAN,ASN, ACS,ATN,PI,
DEG, RRD
-Use DEG/RAD to set angular
mode (degrees or radians)
for trig functions.
Default = RRD
18 DEG
20 IF ASNC(1) = 8 THEIN PRINT"YES®
38 END

k D1—46J
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(»4.Relationa] Operators )

—AND, OR, NOT, EXOR
IF NOT(A>=B) THEN Less_than
IF (R<B) EXOR (C<D) THEN
Only one_less
IF (A<B)Y AND (C<D) THEN
Both_less

—Beware of tests for equality
of two REALs !

OR
) B -
g1 1 2|1
80 |8 8 8 |1 8 @8 |1
A A A
1101 11141 11 |@
k Dl—4’7/

( TYPE-CONVERSION

Using Reals In Integer, Logical,
& Binary Operations

—If the argument required is
type INTEGER and a REAL is
given, the number is
automatically converted to
an integer

—If the argument required is
type REAL and an INTEGER is
given, the number is converted
to a REAL

From the keyboard, try:

4PP*4P0 [EXECUTE ]

400. %400 EXECUTE

\ D1—48J
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NOTES

NOTES

[ TYPE CONVERSION )
How do type-conversions affect
a program?

—They require time

~They may not be obvious

—If possikhle, perfo~-m necessary

type-conversions expiicitly,
outside of progran loops

\ Dk!&&')‘,
~ A

GET "LOOFPITIME"

Modify the timed program Iine
to see the efrects of using
Real vs Integer rumbers for:

-~ Binary functions
-Array 'ndexing
-Trig functiors

- Irteger cperations (MOD2

k¥ Db%y

e



"LOOPTIME"

1. Modify Line 130 to time various statements. Some examples are:

130 A(One) = PI !Integer array index.
130 A(Four) = PI IReal array index

130 IF One THEN 140 !Integer relational
130 IF Four THEN 140 'Real relational

130 Four = Five + Six !Real add, no convert
130 One = Five + Six !Real add,convert

130 One = BINAND (Two,Three) !Intgr op,Intgrs.

130 Four = BINAND (Five,Six) !Intgr op,Reals

2. Now GET "FINDMAX" and follow directions listed in the program.

( STRING DATA A NOTES

Character representation and
manipulation with B8-bit

alphanumeric data codes

(see the reference manual
ASCII table)

1.5tring Constants
2.5tring Variables (simple)
3.5tring RArrays
4.Substrings
\_ Dl—51)

27



US ASCII Character Codes

AsClI EQUIVALENT FORMS
Char. Binary Oct | Hex | Dec
NULL | (000000 | 000 | 00 0
SOH | €H000001 | 001 | 01 1
sTX 000010 | voz | o2 2
ETX | (1000011 | 003 | 03 3
EOT | (1000100 | 004 | 04 4
ENQ | 1000101 | 005 | 05 5
ACK | (0000110 | 006 | 06 6
BELL | (0000111 | 007 | 07 7
BS | t000100¢ | 010 | 08 8
HT | (0ootool | o11 | 09 9
LF | (0001010 | 012 | OA | 10
VT | (0001011 | 013 | 0B 11
FF | (0001100 | 014 | OC | 12
CR (0001103 | 015 | OD | 13
SO | 10001110} 016 | OE | 14
St 10001111 ] 017 | OF 15
DLE - coo010000 | 020 | 10 | 16
DCl . 001000, | 021 | 11 17
DCz | 0010010 | 022 | 12 18
. DC3 | 001001t | 023 | 13 19
DCa | 0010t00 | 024 | 14 | 20
NAK | 0010101 025 | 15 | 21
E SYNC | 10010110 | 026 | 16 | 22
i
’ ETB | 0010111} 027 | 17 | 23
CAN | 00110001 030 | 18 | 24
EM | 0011001 0311 19 | 25
i
SUB | 10011010 032 | 1A | 26
ESC | 00llutl| 033 | 1B | 27
FS | j0011100| 034 | 1C | 28
GS | 0011101 | 035 | 1D | 29
RS | wo011110] 036 | 1E | 30
us | oottt 037 | 1F | 31
L i .L

STD-1.L 60001

EQUIVALENT FORMS

ASCl
Char. Binary Oct Hex | Dec
space | 00100600 | 04 24 32
! 00100001 | 041 | 23 33
| o100 | oaz | 22 | 34
# 00100U11 | 043 24 35
$ ] 00100:00 | 044 | 24 36
% | 00100101{ 045 | 25 37
& | 00100110 | 04n | 20 38
Y ojoo100itt] oar | 27 | 39
{ 00101100 | 050 | 2% 40
) 00101101 | 051 | 29 a)
* 00101010 | 052 | 2A | 42
+ | 00101:11] 05% | 2B 43
s 00101100 | 053 | 2¢ | 44
- 0010Tin1 | 055 | 20 | 45
00101110 | 05 | 2t a6
/ 00101111 | 057 | 2r 47
¢ 00110¢00 | Obt 30 48
1 00116001 | 061 | 31 49
2 | 00110010} 062 | 32 50
4| 00110011 Obs | 34 51
4 | 00110100 | 063 | 34 52
5 | 00110101 065 | 35 53
6 | 00110110 Obt | 36 54
7 | oor1einr| oeT | 37 55
8 | 0011100 070 3R 56
9 joortieel| 07: 1 39 57
00111210 072 ¢ 3A | 58
) 00111i11{ 07+ | 3B 59
< | 00111100 074 | 3C | 60
= [ootrriar| 075 | sb | el
= | 00111:10| 076 | 3k 62
? 0011::11| 07 At 63

28

EQUIVALENT FORMS

ASCl

Char. Binary Oct Hex [ Dec
@ | 01000000 | 100 | 40 nd
A | orooooor | 101 | a1 "5
B | 01000010 | 102 | a2 oo
C | 01000011 103 | 43 w7
D | 01000100 | 104 | 44 By
E | 01000101] 105 ! 45 29
F | 01000110 106 46 70
G| 01000111} 107 | 47 i
K| 01001000 | 110 | 48 72
] 01001001 | 111 | 49 &)
J 1 01001010] 112 | 4A 74
K | 01001011 | 113 | 4B 5
L | 01001100 | 114 | 4C 6
M | 01001101 | 115 | 4D 7
N | 01001110 | 116 | 4E 78
o | 01001111 | 117 aF 9
P | 01010000 | 120 . 50 30
Q | oro10001| 121 51 51
R | or010010] 122 ¢+ 52 | 82
s | 01010011 123 | 53 34
T | 01010100 | 124 54 34
U | 01010101 ] 125 | 55 85
v | 01010110 126 | 56 36
w | or0t0111] 127 © 57 87
x| v1o11000| 130 38 /K
Y | 01011001 | 131 - 59 B9
7z | 01011010] 132 5A | 90
| 01011011 133 5B | 93
| 01011100 | 134 ¢ 5C | 92
i 01011101 | 135 ‘ 50| 94
.« {otonnio| 136 0 56 | va
01011111 ] 137 5F | 95

ascnl EQUIVALENT FORMS |
Char. Binary Oct Hex ,_.D :_
S 0i100000 | 140 | 60 | o
o L 01100001 181 ] 61 | Gl
B[ oot 142 | e2 | oox
[ owoon | 1as | e | e
d [ 01100100 | 144 | b4 | 100
e | v11o0101 ) 145 | es | 11
£ oootto] a6 | es | 102
iy GI100T11 147 67 1103
b 01101000] 150 | 68 | 14
021010011 151 | 69 | 115
yLoitoote] 152 | eA | e
k| eutolotn | 153 | 0B | 197
©| 0101100 | 154 | eC | o1
m | 01101101 | 155 | 6D | 119
W | 01101110 | 156 | 6E | 11w
o lotonnn | 157 | oF | 101
p oL o1r10000 | 160 | 70| 1:2
4 L oitooor| 16t | 71 | 13
col o010 162 | 72 | 14
o lonoorr! 1e3 | 73 | 1is
nmmooi 164 | 78 | 1.6
WL o001 165 | 75 | 147
v ettt 166 | 76 | 118
w nmomi 167 | 77 | 119
. (HHLUOOE 170 1 7w | Lo
v mmom; 7 79 | an
;o lonnow ] 172 | 7A |1
¢l onon ] 173 B |
i GITTTLI00 | 174 @ 7C [
H
R OL111101 | 175 1 7D | 15
|
T enno] e o7 |
i
DEL | 01111111 17711 oo
! Ao




(ﬁl.String Constants (Literals): )
"ABCdef. . . B123. . .#$%"

"The gquick brown fox"

2.5tring Variables:
DIM Name%[SB],Hddr$[1§Z]

i
(Dollar sign=string) (Max length of string)

3.String Arrays:
DIM City_State$(5@)[132]

T
5@ element array of 132
character string slements

N )

( 4. Substrings: )

Allow access to a specified
segment of a string

A$=Address$ [26, 54l

Starting * T Ending
Character Character
Position | + Pasition

B$=Name$(3@>[1, 15]

T
Array Eiement
Number

\‘ Dl—SE)
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NOTES

NOTES

r>thernate substring access: N
A$=Address$ [26; 25]

Shbstrﬁng

Starting
Character Character
Position Count

For example:
1B ADDRESS$="16B11 W. Seventh”
2B PRINT Address$ [1,4]
38 PRINT HAddress$ [6; 19]

48 END 1611

W. Seventh

/ﬁNow add these lines: A
31 RAddress$[61="N. Forty"
32 PRINT Hddress$
33 Addresss$[9, 11I1="Fif"
34 PRINT Address$

L'ne 31: replaced entire

remainder of string

O8]
w

L ne replaced only

characters 8 through 11

\‘47 D145{‘/




1.

([ STRING OPERATIONS

Concatenation(&):
Building big strings from
little ones

First$ = "John"

Last$ = "Barieycorn'

First$&" "&lLast$

ct“JncataLata

Now Name$ looks like

John Barleycorn

Name $

01—5§J)

String Length (LEN):
Returns the number of
characters currently in the
string or string expression

Length = LEN(String$)

18 A%$="12345678308123"

28 PRINT LENCAS$)

38 PRINT LENC(X3$)

40 PRINT LEN(A$&"Text "&A$)
5@ END 13

%
30

Dl—57‘)

31
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NOTES

NOTES

(VB.String position (P0OS): N

Returns the location of one
string within another.

Syntax:
Position=P0S(Look in%$,Look for$)

Given a string — -

as
T JeN@ e
1 46 78 8o

Character Positions

PRINT POS (R$, "ENQ")
48

PRINT POS (A$L[POS(AS, ENQ )+11, ENQ')
23

K¥ Dh?y

(kPOS Continued A

Example
19 Answer$ = "NO"

20 INPUT "Please enter YES or NO
(NO is default)",Rnsuwer?$

38 IF POS(Answers$,"Y") OR
POS (Answers$, "y ") THEN 100

40 | "NO"processing

198 | "YES" processing

k D l—ég
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f' 4. String relationals h

<, =,=,>=,>,¢>

Strings are compared
character — by - character
according to the numeric
values of their RASCII codes
(Refer to the RASCII table)

IF A$ > B$ THEN Greater
If Answers$ <> "NO" THEN Maybe

& Dl—6&
( RELATIONALS Continued )
Items of Note:
a. Two "identical" strings of
of unequal length are
not equall
n YES " ( > n YES n
b. Uppercase characters have
ower values than lower case
“Computer"” < "computer"
c. String sorts almost always
surprise you.
. D1-61)

33
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(5. String—Numeric Conversions )
NOTES a. RSCII code ot a character:
X=NUMC "R"2

180 R¢="HBCD:EF abcdef "

20 FCR I=1 TO LENUIAS$)

38 PRINT NUMIA$LI,T1) , AsCI, 1]
40 NEXT I

58 END

/>Str1ng-Numeric Conversions ‘\

NOTES b.Character of an RASCII code:
X$=CHR$ {BE3)

18 FOR X=B8 70 255

28 PRINT CHR$OX)D

38 NEXT X

4@ END
Why the beep 7




(V String—Numeric Conversions

c.
numeric characters:
X=VAL("123.45 ELlBO")

18 A$="May 15, 1873"
20 PRINT VALC(AS$)
38 PRINT VALC(A$LPOS(AHS, " ")1)
48 PRINT VALC(R$CPOS(AY, ", "3+113
28 END

D1-64)

Numker from a string of

s

String—Numeric Conversions A
d. String from a number:
Pi$=VALS$(PI)
18 PRINT PI;"X"
28 PRINT VAL$(PI); "X"
30 END
NOTE: no leading blanks,
no trailing blanks
kk D1-65 |

35
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EXERCISE 1

Write a program that accepts an input of the form MM/DD/YY and converts
it to the corresponding month, day, and year in the form Month Day,Year.
For example:

Input= 06/21/81

Output= June 21, 1981

1. Use string array to hold the names of the months, then
index into the array with the number of the month that

was input.

2. Use the POS function and substrings to extract the day

and the year information from the input string.

3. Consider the difference between the following two statements,

where A$ is "ab/cd/ef" :

X = POS(AS$, /")
Y = POS(AS$ [&] ,"/")
X=3,Y=2

36



EXERCISE 2

Write a search-and-replace subroutine that replaces all occurrences of
a "seek for" string with a "replace with" string. The subroutine will
look in a string array for strings to replace. Print out any string
elements your routine modifies.

Save your subroutine on disc (SAVE"TEMP"), then GET "SCH RPL" , then
append your subroutine to the end of the program SCH RPL. Remember to
include an END statement at the end of the program then try it out.

Your subroutine's name : Search replace

The string array's name: Search in$

Number of elements in Search_in $ : Num elem

Example Subroutine format:

10 Search _replace : ! This subroutine searches for ...
20 INPUT "Search string?", A$

110 RETURN

37






( PROGRAM STRUCTURE )
AND CONTROL

Ob jective:

NOTES

—Select appropriate program
structure for a given
algorithm

—Write program segments to

provide event response

—Utilize debugging tools to
analyze errant programs

L =y

( AGENDA )

Program Control

NOTES

Oecisions
Branching
Looping

Event Response

Program Modules

Subroutines
Subprograms

Debugging Tools

39



NOTES

NOTES

( STRUCTURED )
PROGRRAMMING

Three Elements:

—Program Control
Deciding what to execute

—Program Structure
Separating tasks

into modules
One module (black)=1

proklem
—Iteration

Executing a block over

and over

Select the right tocl for the job

. )

4 N

PROGRAM CONTROL

—Normal Execution:
Linear ascending-order
line #’s
18 BEEP
28 WARIT 2
38 BEEP
40 END

4()



4 BRANCHING )

(Changing the sequence)

1. Unconditional
GOTO 19440
GOTO Forced_exit

2. Conditional (Decisions)
IF Value>Limit THEN Too big

3. Computed
ON Command GOTO P_I,P _2,P_3

( COMPUTED BRANCH
NOTES

5@ ON Value GOTO 188,288,388,400,580

— The ON statement causes a
branch to the appropriate
line. In this example, if
Value=1l then the program
goes to line 10@.

-~ What if Value=8 7 If VALUE=6 7

\_ D2—6J
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NOTES

NOTES

NOTES

= Tne IF staltenent Luosiw f
- \
~nan—-zero (T-uel o~ 7ero

- Tne IF statenent a 1o us
axecutable statement or
cmplied GOTw

IF B>A THEN Groazer
Implied QU7

C COND-TIONAL BRANCH )

IF BITOR 10 THeN FHUSBE
Ereacctanlec st

(CONDITIONA. PRCERAM )

Bl OCK -

Condition:s:

— —
<F
0

ir binary
IFBIT (Numker,ount;

ELSE
PRINT "B False
END IF
NEXT Court
PRINT

LR DS ()P

~3{h

(58]
NI NN

Bits:! F-aint a number

FOR Count = 15 TO @ STEP-1
THEN
PRINT 1" iTrue block

kiock

[D)54 “ﬂ./)
_




BLOCKS
Multiple Conditions:
1898 SELECT Function
118 CARSE 1
120 Y=SIN(X) ' Function=1
138 CARSE 2
148 Y=CO0OS5(X) I Functiaon=2
158 CASE 3
168 Y=TAN(X) I Function=3
178 CASE 4
1B Y=EXP(X) I Function—=4
1989 CASE ELSE
208  Y=X I Anything e

218 END SELECT
Strings can be selected also

N\

(CONDITIONARL PROGRAM )

Ise

D2-9j

(CONDITIONAL PROGR
BLOCKS

Multiple Ranges:

1BV SELECT Reading

118 CRSE @

1288 PRINT "Zero"

138 CRSE. 4 TO 10

148 PRINT "Range OK"

158 CRSE 18 TO 2E310

168 PRINT "Overrange’

1700 CASE ELSE

180 PRINT "Polarity error”
1380 END SELECT

Character ranmges can also be
tested

-

AM )

D2—10J
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EXERCISE 3

Write a program that uses the SELECT CASE structure to write the
binary representation of a number. You can take the basic contents
of the IF/THEN/ELSE and modify it to be a SELECT/CASE if you wish.

EXERCISE 4

Write a program to input a string of mixed uppercase and lowercase
characters then convert that string to all uppercase characters. Use
the SELECT/CASE construct to determine whether the character being
analyzed is upper or lower case, and subtract 32 from the ASCII code
of any characters in the range of "a" to "z:.

Input : Yes
OQutput : YES

Modify the program to either convert the string to uppercase or to
Towercase characters, depending upon the value of some variable.
For example:

Function $ = "UPC"
Input
Qutput

no
NO

n

Function $ = "LWC"
WILDERNESS

wilderness

Input
Output

]

14



( CONDITIONAL FLOW
CF4F”QW—S (Program flow)

IF-THEN-ELSE SELECT-CARSE

' L
;51 . lcAse xa{STN .
THEN[COND — ELSE VALUE g—
F’ " F" or cqs_y_{sggg
| RANGE
STMT| |STMT CASE. zujgfgggz

BLOCK| BLOCK rSTHT

CASE A_ |
END_IF t?Locf
T [5TMT
| CASE B . Bl ock B
CASE ELSE | _

STMT
BL.OC

END SELECTE

~

k D2—llj

( ITERATION

— Iteration is repetitive
loop executian

- Termination test can occur
in one (or more) cf 3 places

(always executes once)

2.Test at beginning of loop
(may or may not execute
loop)

3.Test in middle of loop

executed)

1.Test at end of Ioop =

(at least part of loop is

\ Y

45
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NOTES

NOTES

(END-TEST 17 RA3TION

(END-TEST ITERRTION

(SPECIAL CHSED
FCR Counter = Init "0 Final STEF
Increcent
Statement Blozk
NEXT Counter

1.Fn initial test s made to
check if Ir%t exceesds “irnal.
If so. the lozp s
never executed |

2.loop s terminated 17 Counter
exceeds Final when NEXT s
execu-ed

RERERT
Stat=ment Blook
UNTIL Comditiorn true

. The progres 1oor 1w aluays
exsC abed o




EXERCISE 5

Rewrite the program that prints out the binary representation of a
number, but use the REPEAT/UNTIL method of iteration instead of the

FOR/NEXT Tloop.

START-TEST ITERATION)
WHILE Condition_true

1Statement block
END WHILE

1.The program loop is only
executed if the WHILE
condition is true to start
with

2.Termination test is at the
WHILE statement

\_ D2—15)
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EXERCISE 6

Rewrite the program that prints out the binary representation of a
number, but use the WHILE/ENDWHILE method of iteration instead of the
FOR/NEXT loop. (Or simply modify the previous REPEAT program.)

MID-TEST ITERATION )

LOOP

{étatemegiuéjo&R?

NOTES

EXIT IF angjtioQ }rue
Statement Block

EXIT IF Condition true
END L_OOP

\7 D%%y




-

LOOP STATEMENT )

1.Part of the loop is always
executed unless an EXIT IF

statement precedes the loop
statement ’

2.Termination test is at the
EXIT IF statement

3.Multiple exit conditions can
be programmed, as well as

multiple exit points to break
up the loop

D2—ly

F

LOOP WHILE
BLOCK <COND
Lo EXIT IF FeT™MT END
‘conn- gt | Y WHILE
F
STMT REPERT UNTIL
BLOCK R
ok EXIT STHLJ
——{90N§%£+ k3
= L _COND™ UNTIL
END LOOP Pt

LOOPING CONSTRUCT )
FLOW CHARTS

LT

D2—ly
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NOTES

NOTES

(" PROGRAM MODULES A

—Subroutine - a shared program
segment not having a separate
program environment

(or context)

- Subprogram - a separate program
segment with its cwn local
program environment {(context)
isolated from the main program
and other subprograms

\_ D2-19 j

( SUBROUTINES h

—Segment of program lines
ending with RETURN

—Called (invoked) by executing
GOSUB statement

GOSUB 150
GOSUB Beep sub

\ D2—2()/

50



Acts like
inserted | 14180 Sum=Sum+1

19d GOSUB Count
1480 Count: FOR I=1 TO 10

code 1420 NEXT I
1438 RETURN
1180 Next_line: PRINT Sum

\\_ D2-21
( SUBROUTINES
— Subroutine calls can be
nested to any depth
- A subroutine can call itself
— Subroutine variables are not
local (private), but are
global to the main program
k DZ—ZJ
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NOTES

NOTES

( SUBPROGRAMS AND )

USER FUNCTIONS

Complete, separate program

Local environment = "context’
—Variable names
-Key definitions
~Line labels
—Data storage

SUB AND DEF FNUser
(CALL) (FNUser)

L D2~2»4j

Kk D2~2§4}

SUBPROGRAMS )

—Program modules = "Top-down
programming”

— Execute mini—-tasks

—Modules are designed
independent of calling
program: interchangeable
from praogram to program
. Libraries




(SUBPROGRAM GEOGRAPHY)

Varl = FNUser-1

program CHLL Module_.1

END

Main

'DEF FNUser 1

Function RETURN Result
Subprogram |-\eNg

'SUB Module _1
SUBEXIT
SUBEND

IISub n
Subprogram

k D2—25j

(A SIMPLE FUNCTION

1! Print Numbers and Sqguares
18 FOR I = 1 TO 10

20 PRINT I, FNSgr(I)

38 NEXT I

48 END

58 DEF FNSgr (XD

B8 RETURN X % X

78 FNEND

53
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NOTES

NOTES

18 INPUT R$

28 CALL Rev(A$)
380 END

48 SUB Rev(X$)

E@ PRINT X&[I,IJ;
8 NEXT I
88 SUBEND

(A SIMPLE SURPROGRAM )

1! Print the reverse of a string

S8 FOR I=LEN(X3%$) "0 1 STEP -1

( SUBPROGRAM
COMMUNICATION
IN:

Pass Parameters
COM

OUT:
Pass Parameters
RETURN wvalue
COM

D2—28)




[ PASS PARAMETERS )

- Pass Parameter List
CALL Sort_array (Num¥alm,ﬂrr?yt*),INTEGER H?xJ

| L i
—Formal Parameter H1st -
1

¥ i ¥
SUB Sort_array (Array _stze,Srt_ary(%),INTEGER H1)

- Parameter lists match:
Position
Type (REAL,INTEGER,Array,String)
Number

\\7 D2-29

( PASS PARAMETERS )

Pass by Value (expression)
—"Copy" = constant value
—Allows type-conversion
- One—way only: IN!

CALL Compare ((Original), (Final),Res)

By Valus By Ref

Pass by Reference
—Pointer to the variable itself
— Type—-matching required

— Two-way: IN and OUT
CALL Sort (H{ray(*), (Numb _elem))

By Ref By Value

\‘¥ D2—§E}
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NOTES

NOTES

(

PASS PARAMETERS A

- By Value
E,@_g?"“”” “TNVariable

‘,WOne way - j (Copy)
Sub L Barim

By Reference
_E rlj,gj‘_”mm' ““'A‘Var iable

—— Parém - - Two way
Subl

D2—31‘)

-

K¥ D&ﬁ{/

PASS PARAMETERS )
EXAMPLE

18 FOR I=1 TO 108

28 PRINT I;"In MAIN",

38 CALL Mdfy(I) | Pass by Reference
4@ NEXT I

S8 END

E@ SUB Mdfy(X)

78 X=X+2

88 PRINT I;"In SUB"
S8 SUBEND

34 CALL Mdf\/( (1)) Pass by Value

56



EXERCISE 7

GET "VAL REF" and run the program. See if you can figure out how the
program looks by just studying its output. Can you explain the last
block of output? What happened to I?

LIST the program and see if it looks the way you predicted. Check the
pass-by-value and pass-by-reference function calls. Look at the two
functions and analyze how they affect their pass parameters.

-

PRASS PARAMETERS

Required Parameters

- CALL and SUB parameter lists
must match: number, position,
type

Optional Parameters

—OPTIONRAL separataor

—Type and position must match

—Use NPAR furction to determine
number of parameters passed

\

DZ—SSJ
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NOTES

ELSE

ENDIF

SUB .Dvm (@NamL,Rcadi
IF NPAR:>2 THEN
' Program Dvm for de)

| taxe

I Taxe

(OPTICNAL PARAMETERS )

CALL Dvm(@Vmtr, lB@, .285)
- ! L

i

readings

readings only

EXERCISE &

GET "NPAR" and try running the program.
problem.

See if you can analyze the

After you have the types matched, re-run the program. Be

sure you understand the flow of the program before moving on to the

next slide.

(In the first call, C is an "optional" parameter. In

the second call, the optional parameter was not passed, and the sub-

program executed a different statement block.)

Which construct might be more appropriate for multiple cptional
parameters than the IF/THEN/ELSE construct?

ngs,OFTIONAL Deley)

ay and




( COMMON )
Blank COM

~Declared in main praogram

—~Hccessible from subs only
with matching COM statement

- Types and position of
variables must match

- Names of wvariables needn’t
match

COM Initlzd,X$[388]1, INTEGER I,J

\_ D2-35 J

( _ABELED COM )

—Can be declared in subprograms
not necessary in main

—COM/name/must match to have
access

—Other requirements are same
as blank COM

—Provides unique, "private"
storage space for subprogram
between invocations

COMs/PrivatesX,Y,Z$

\_ DZ—SGJ
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NOTES

EXERCISE 9

GET "LABEL COM" and run the program.
A,B, and C across the main program and the two subprograms.

happened to A,B, and C after

Note what happened to variables
What
calling the first subprogram?’ Was the

main program able to access variables L,M, and N of the labeled

common?

(If it could, the values assigned to L,M, and N in the first

subprogram would be printed by main after the call.)

Was the second subprogram able to access all variables?

r

EVENT RESPONSE )
Programmable response to

real time events

Internal Events
Errors

End-of-file (mass stcrage)

External Events
SFK”“s and Knok

Interrupts & Timeouts

D2-37

00



( EVENT RESPONSE h

End-of-Line Branching

AR test is made by the operating
system after EVERY program 1line
to see if an event has occured
requiring service

1858 Array(Index) = SINCIndex)

Test
1868 BETH = FNUser(HlphaJT

Test
1878 NEXT Index,
Test

K‘ D2—§§l)

( EVENT RESPONSE )

- If an event has occured, and
the program has defined the
end-of-line branch, that
branch is taken

ON ERROR GOSUB Recaover

—ERROR is an event, and GOSUB
is a response

—The user program defines and
controls end-of—-1line branches

\‘7 D2—§2)
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NOTES

NOTES

(  EVENT RESPONSE

Response Techniques
GOTO
GOSUB
CALL
RECOVER

Response Control
ENABLE/DISABLE
Priority
Context

D2—4D)

( EVENT RESPONSE

What is RECOVER 7?7
ON ERROR RECOVER fAbortall

- RECOVER is a GOTO

- RECOVER restores the program

context to the point where
was defined

- RECOVER remains active even
though context changes to a

subprogram

it

D2—4{J}
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([ SYSTEM PRIORITY )

—Normal (default) priority=0

—An event with a higher priority
can cause an immediate branch
(response)

—System priority becomes the
priority assigned to the event

- System priority remains set at
the new priority until exiting
the service routine for the
event

—R "GOTO" type response does
not change system priority

\‘ D2—4?4)

\ N
( PRIORITY CONTEXT
Will an immediate branch be taken?
Relative Executing :
Executing
Branch type E:?gtlty g?;gram Subprogram
Lower No1 NO2
GOTO Higher YES NOZ
_ Lowsr NO1 NOZ
GOSUB Higher YES _ NOj‘3
Lower NO1 No1
CARLL Highar YES YES
Lowsr NO T NO 1
| RECOVEFE Hi gher‘ YES __jj_,, YES
1. Branch 1is deferred until system priority drops
2. Branch is deferred until matn context is
restored
\_ 02—434)
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NOTES

NOTES

SPECIAL FUNCTION )
KEYS

Define custom responses to
SFK keypresses

Assign softlabels to key
label areas

Very friendly user interface

D2v4f)

f

SPECIAL FUNCTION )
KEYS

Can assign system priority
to key service

Example
ON KEY 4 LABEL "Restart", 11
GOSUB Key 4
Significant programs should
have a "bail—-out" SFK

ON KEY 39 LABEL "Abort", 15
RECOVER Crash

Note: ON KEY service is temporarily disabled
by INPUT, LINPUT!

D2-45
/
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(EXAMPLE KEYS MENU: )

ON KEY @ LABEL "Next" GOSUB 540
ON KEY 1| LABEL "Prev" GOSUB 60208
ON KEY 2 LABEL "Yes" GOSUB Yes
ON KEY 3 LABEL "No" GOSUB No

rNsxti rPrevJ lYes' ,_fi:—} [i:]
C e

— Subprograms can redefine keys

for their own purposes
- Sub exit restores previous key
definitions

& D2-46 J

EXERCISE 10

GET "KEYS1" and list the program. Note how the special keys are set
up, labels defined, and priorities established.
happens in Sub3: a key is re-defined with a new priority, label, and
response. Run the program and try various combinations of keys,
noting which keypress get immediate response, and which ones are
deferred. Try pressing a key twice to see if it's service routine
js executed twice (watch the counter).

65
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NOTES

EXERCISE 11

GET "PRIORITIES" and 1ist the program. Note the key redefinition in
Pril0. Will pressing K4 while Pril0 is executing cause an immediate
branch to Pri 14?

Run the program. Press KO, K2, and K4 in rapid succession. Can you
explain why K2 caused an immediate response while ¥4 did not? Why
was the Priority 14 subprogram executed before returning back to
the Priority 5 subprogram?

Try pressing the K5 "GOSUB" key from the main program. Now try
pressing it from any of the subprograms. Why is K% service deferred
even though it has the highest priority? Can any of the subprograms
interrupt the priority 15 subroutine service?

s , N —

KNOB RESFONSE

—Define program response to
knaob rotation

- Knok service occurs at

has rotated

- KNOBX function gprov- des ac

of rotation

—Very friendly user interfa

N

specifed interval if the knaob

to knob’s degree and velacity

cess

ce

D2-474)

o6



( KNOB RESPONSE )

—Can assign system priority

NOTES

to knokb service
Example:

ON KNOB , B8 CALL Knobsvc

"Priority = 8

-

second interwval

—Program can access the state
of SHIFT and CONTROL keys and
redefine response accordingly

STATUS 2, 18; Temp
[IF BIT (Temp,B) THEN Shifted

\‘ D2—4§/

EXERCISE 12

Write a program that responds to knob rotation and executes BEEP
with varying frequencies depending on the degree of rotation of
the knob.

Hints:
1. Use absolute value of KNOBX.
2. You may need to multiply the result of #1 above by
10 or so to obtain suitable values for BEEP frequen-
cies.
3. Use the reference manual to look up statement syntaxes,
if necessary.

67



NOTES

NOTES

( ERROR RECOVERY h

—-Set up a user—programmed
response to errors

—Deal with operator mistakes in
a "friendly" manner

ON ERROR GOTO Rcwvr 1

Can be GOTO, GOSUB, CHLL, RECOVER

4 —
FRROR RECOVERY )
ERRL: Boolean test for 1line
number or line 1label
of error
ERRN: Return the most recent
error numpoer
In Use: set up separate
ON ERROR for each
possible critical error
location
(CRERTE, ASSIGN, etc.)
\\¥ D2-50 )
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~N

(1@ ON ERROR GOTO Errar
cy INPUT "SELECT 1, 2, or 3",X
30 ON X GOTO One,Two, Three
49 Error: IF ERRL(38) THEN
5@ PRINT "Please enter more
careful ly"
608 ELSE
4% PRINT "Unexpected error”
B@ STOP
98 END IF
18 GOTO 108
118 One:
\_ D2-51
~
( ELEMENTAHL CONTROL
Temporary Halts:
Timed: WAIT
WALIT 580 | 58 seconds
Operator—-controlled: PRUSE
PAUSE | CONTINUE key
k D2—52)
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NOTES

NOTES

-

ELEMENTHL

Wren I say "WHCH"®

CONTROL

I wmear

Program Temiration:

precgram

- End is same as 5

- STOP require:s RUN to restart

TOF but it

also delim ts ma n program

"Winoat

N

f

TV o e
IS ] N R RN

Wnen all els=s Fauil .

T

Use ON ERRI< 42¢

program re Gveroy

-Put PRINTs all owoer

Subprogrars
“OR=-NEXT ooas

T i~ o - e
Ko v Lo St atemer Le

Turn FRINTH._L 3n

t



-

DEBUGGING )

If you still cannot believe
what you’re seeing...
1.STOP/RESET and EDIT calls

executing line into display

2.TRACE ALL 18,3833
—Line numbers
—Variable assignments

-Display or PRINTALL printer

D2"55J

-

DEBUGGING h

3.TRACE PARUSE Line label
Executes PRUSE before
executing specified line

(Waits for CONTINUE])
4.TRACE OFF

Cancels all trace activity

Insert TRACEs as program
lines or execute from
keyboard

DZ“Sy
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( DEBUGGING )

S.STEP your program

NOTES

Use live keyboard to check

values of wvariables

\_ D2—57J)




(- MASS STORAGE
PROGRAMMING

Ob jectives:
— Save and retrieve programs,
subprograms

—Save and retrieve data

—Emulate I/0 devices

k D3-1 )

( MASS STORAGE

(An Electronic Filing Cabinet)

Mass Storage Devices
—Floppy disc drive
—Mag tape cdrive

- Hard disc drive

Mass Storage Media
—Floppy discs

- Magnetic tape

- Disc platters

\_ D3-2 J
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NOTES

( MEDIA SPECIFIER
":INTERNRL,4,08"

—Indicates the device/media
to use for a mass storage
operation

String expressiorn including
colon and mass storage unit

specifier (msus)’

Media$ = ":" & "HP3835,708,0"

msus

\_ D32/

r - - N — T e T INETY (Y S
UNIFIZD MASS STORAGE)
— Identical statemenis carn access

different devices

- System designrer has flexib:lity
without risk of scoftware
incumpeaetlibility

—Requirement: cocne statement to

redirect all mass storage

cperations

k D3 y

g



(UNIFIED MASS STORAGE)
MASS STORAGE IS Medias

—Defines default Cimplicit)
mass storage device

—Can be overridden by an
explicit device specifier

MASS STORAGE IS ":HPB828\M1,787,8"
MRSS STORARGE IS ":HP3SB885, 700"
MASS STORAGE IS ":REMOTE™

MASS STORAGE IS ":CS80,7049,1°"

\‘ D3-5 )

(THE FIRST OPERATION )

—All magnetic media must be
initialized before first use

INITIALIZE ":INTERNAL,4,8"

—H disc need be initialized only
once. It is then ready to
store programs and data

\_ D3-6 J
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NOTES

(" PROGRAM STORAGE )

STRATEMENTS
STORE RETRIEVE
STORE ) | LLOAD
RE-STORE LOADSUB
SAVE GET
RE-SAVE
STORE BIN LLORD BIN

RE-STORE BIN

N )

(AN EXAMPLE STATEMENT)
STORE"TRIANGLE"

Program file name

— The program file name
identifies the program being

stored in a "file"
(Think of a file folder)

- The file name must be unique

\ s
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-

FILES )

(Electronic file folders) -

-~ Used to store related
information: program code
mailing lists, instrument

readings

—Each file is given a unique
name of up to 18 characters

D3—9J

-

FILE SPECIFIERS )

-—RA file specifier consists of
a file name plus an optional
protect code plus a media
specifier

Example:
"PROG1<SE>: INTERNAL "
+‘IIL name pl'"otec:t. code deia specifier

Name$& "< "&Protects$&">» "

D3—lO)
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NOTLES

NOTES

.

FILE TY2bs

i To
Type  Contents  Corstruct  Retrisve
Interral ST 3RE ' LORD
PROG Program Zode RE-STORIT | LOADSUB
o PI”DA-F E!I"I'I o SC‘]VE ‘ o i B
ASCII RSCIT $ource RE-SAve  GET
String data CRELE ASCIL  EnTER
CRER (F BOAT
BDAT Data oUT>UT ENTER
S UU o |
Binary o 'j
BIN Program STORE BIN ‘ LORD BIN
e D N
Operat:ng | "Copy" '
SYSTEM System LUt lity ! Boot System.

D311
U

( PROGRAM

SPECT

—STORE creates a
writes program
the file in 1r

-~ RiE-ST0ORE does a
removes old 3

STORE "MAIN |
RE-STORE ™M~
STORE "SUE 1:

from disc (uss=e t

FI1CS
PRC: f1le and
ard bimarises to

Teraal form

STCRE , then
‘e of sam= nams
o upcate FROC files)

4 e

N

4P s, 20,




( PROGRAM STORAGE )
SPECIFICS

- SHAVE creates an ASCIIfile and
writes all or part of the
program to the file as data

- RE-SAVE does a SAVE, then
removes old file of same name
from the disc <Update)

SAVE "EDITOR™
RE-SAVE "EDITOR®
SAVE File._name$ & Media$

\‘ D3—1§J)

( STORE vs. SAVE
STORE SAVE
Internal format ASCII source format
PROG file ASCII file
Entire program R11 or part of
plus binaries program only
96826 readablie Compatible with
anly othar devices
Not accessible Accessible Just 1tke
as data ASCII data
Fast ? Slow
— L —— S
k D3—l4)
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EXERCISE 13

GET "PRIORITIES" and edit the program.

Use combinations of SAVE, GET, and STORE to build two files from the
program: one file the main program, the other file the key-service
subprograms.

PRIORITIES
Main
prog. "Main"
(SAVED file)
Sub-
prog's

"Keysubs"
(STORE'D file)

/

The challenge here is to determine how to produce a STORE'd program file
of just the key-service subprograms. You will be using these files in a
short time.

80



( PROGRAM RETRIEVAL )
SPECIFICS

-LOAD brings a PROG file into
memory replacing any program
and variables already resident
except for COM

-You can specify execution to
automatically begin at any

line
LOAD "MAIN_1", 1@

LOAD "MAIN_2", Start_up

K‘ D3—%E/

( PROGRAM RETRIEVAL )
SPECIFICS

= GET reads, syntaxes, and stores
an ASCII file into memory,

replacing all variables except
those in COM
—GET can overlay all or part of

the resident program
GET °"READ DATA®, Add_code, Run_lIine
GET "NEXT prog", Last_line, Next_l1ne

GET File$, 1,1
GET "TRIANGLE"

\‘ D3—¥§)
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( SUBPROGRAM )
MANAGEMENT

- DELSUB and LORDSUB allow
deletiorn and addition of

NOTES

subprogram segments. Variables
are not affected.

—~Build large, modular programs

DELSUB Build_array, Save array
LOADSUB AHLL FROM "PLOT ARRAY"

\ D3-17 )

EXERCISE 14

GET "Main" , the main-program file you saved previously, and modify it
so that the program will run correctly. (You should need only to insert
one line to be able to run it.) Be sure to re-save your main program if
you want a running example for posterity.



LOAD vs GET vs LOADSUB )

LOAD GET LOADSUB
PROG file RASCII file PROG file
Variables lost Vartables lost | A1l vartables

except COM except CO“W unchanged
Entire A1l or part Subprogram
Program of program Segment(s)
Fast Slow Fast
D3—Ey
EXERCISE

GET "GETLOADSUB" and Tlist the program

15

NOTES

Before running the program, try to predict what the values of the variables

will be when the PRINT statements are executed.
do what you expected?

83

Run the program.

Did it



-

FILE MANAGEMENT )

General—-purpose file management

NOTES

and maintenance tools:

—File Directories (CRT)
—File Protection (PROTECT?)
-File Deletion (PURGE)
-File Renaming (RENAME)
-File Copying (COPY)
—Disk Packing (Utility)

\_ D3—19)

( FILE DIRECTORIES )

Directaory: a table of information

NOTES

of all existing files on an
initialized media

FILE NAME PRO TYPE REC-/FILE BYTE/REC ADDRESS

FBRCKUP * PROG 42 256 65
CBRACKUP RASCII 56 256 187
TRIANGLE PROG 4 256 163
READINGS BDAT 158 256 167

k D3-20 J
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( ACCESSING THE )
DIRECTORY

—CAT lists media file directory
information

—Unrecognized file types are
listed as numbers

CRT
CAT ":INTERNRL" TO #701

K} m&@j

( PROTECTING FILES

- PROTECT offers write—protect
capabilities for PROG, BIN,
BDAT files

-0ld protect codes can be updated
or removed

PROTECT “FINAL", Protects$
PROTECT "Main<OLD>", "NEW"
PROTECT "MAIN<OLD>", ™"

L D3-22 )
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NOTES

NOTE>

- - =)
DELETING FILES
—PURGE deletes the directory
entry for the specified file
—To purge protected files,
include the file spécifier’s
protect code
PURGE "REV _1:INTERNAL"
& D3- 3/
[

RENAMING FILES \
- RENAME changes the name of the
specified file

- To rename protected files,
include the oid file

specifier’s protect code

RENAME "REV_2" TO "FINARL"

DSﬂEf)




( DATA STORAGE AND
RETRIEVAL

File Structure

File Types

Access Methods
End-of-File Detection
Control and Status

~N

D3—25)

( FILE STRUCTURE

-A file is composed of one or
more records

Physical record
Defined record
Logical record

"There are three record types:

~

D3—2€)

87
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NOTES

NOTES

[ PHYSICAL RECORDS

-Length of a physical record
is defined by the media when
initialized

DISC:256 bytes per record

—Physical record is minimum
information transfer between
operating system and media

-Fixed length records

\_ D3-27 J

([ DEFINED RECORDS )

-Length of a defined record is
set by the user when creating
a BDAT file

—Length of a defined record
should be appropriate for
accessing a convenient or
logical "chunk" of data

—Fixed length records

L D3—28j

38



 LOGICAL RECORDS )

-Length of a logical record is
set by the format and content
of data being stored

—Length of a logical record may
vary from record to record

—Variable length records

k D3-29

( FILES AND RECORDS )

Defined records:

3 File —
Defined Defined Def ined
Record R’ecpr*d Record

Il } y) 4 I | | } } |
(L AP R R =TT
Physical records——

Logical records:

: File
Logical Logical ngll_ Logtcal
Recerd | , Regord, . IRecord Record,
t T T T T T T T T T T T T T T T 1
Physical records 1
\_ D3-30 J
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( EXAMPLE RECORDS )

—Data: Mailing list, 5 names and
addresses

NOTES

—Defined Record: 28€ bytes
(maximum entry length)

—Logical Recurd: One rname and
address
Log!cal Record Log|cal Rccord LOQILE] Rccord

T T '71 [ - T

{Namcl Hddrl y JNameE RddrE l_ Namea HddrB

|- s T e

QcFIned Reuord Dcflncd Rccord Def nsﬁ Record

Physlcal Record Physical Rccord

k‘, D3~§4/

g FILE TYFPES )

Four BRSIC file tyupes:

NOTES

File Typo Record Typra
'PROG  Not mear1rg¥ul 1
'BIN Not meaningful }

?HSQIEW7PDQILd]7Rthrd

'BDAT  Defined Records
; Logical Records

o)



(FILE ACCESS METHODS )

—-Sequential access: start at
beginning of file and access
each successive record in turn

—Random access: access any
specified Defined Record

ASCII: Sequential access
BDAT: Random access

( FILE ACCESS )

- 170 Path: a pathway for data to
and from a data file
Specified as an "@Name"

—Declaring an I70 path
automatically creates an
associated table of
information to inform the
operating system of I-0 path
characteristics:

File type, File size, Pointers

91
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NOTES

NOTES

FILE RACCESS h

I/0 Path Name:
- Typed variable — 180@ bytes

—Can be passed to subprograms
and user—functions: pass by

reference cnly
CALL Test (@Dvm, Array(x))

-~ Can be allocated in COM:
COM @Dvm, Function, Range

D3-35

FILE ACCESS )

1. Create file

WRITE READ
2.0pen file 2.0pen file

(Assign I/0 path) (Ass1gn I~/0 path)
3.Write data 3.Read data
4.Close file 4 _ Close fTile

D3-36

92




(FILE ACCESS: CREATE)

— CRERATE establishes a file of the
desired type, length, and
characteristics on the media

CRERTE RSCII "Datal", 1080
CREATE BDAT "DataZ2", 180

—More on CREATE and file types,
later

K DS—S'?)

 FILE ACCESS: OPEN )

- ASSIGN establishes an I/0 path
for a specified file

—Multiple I/0 paths can be set
up for a given file
(if necessary)

ASSIGN @File TO "DATA!"

\ DS——Sy
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NOTES

NOTES

(FILE ACCESS: WRITE )
- QCQUTPUT writes data to the

specified I-0 path
(Assigned tc the desired file)

OUTPUT @File ; A,B,X(x)

L‘ Ds—sglj

( FILE ACCESS: READ )

—ENTER reads data from the
specified I-/0 patn
(Assigned tc tne appropriate
file.

ENTER @-ile ; I.,J,(x)

Gie,



(FILE ACCESS: CLOSE )

- RASSIGN TO *#¥closes the I/0 path
for the specified file

—There are other implicit
methods of closing the file
(Language Reference p.13)

ASSIGN @File TO *

\_ D3-41 J

( ASCII FILES )

—Created by:
(RE-JSAVE for programs
CREATE ASCII for data

—No defined records
—Sequential access

—End-of-File is a specific
character

—Compatible and transportakle

\‘ D3—42J}
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NOTES

NOTES

( DRATA COMPATIBILITY)

—LIF= Logical Interchange Format

—LIFis an HP disc format
standard that defines the
structure of the disc
directory anrnd ASCII files

—Provides ASCII data
transportability between
computers, terminals

k D3~4y

( ASCII DATA FILES )

Storage requirements:
1. A1l data is converted to
ASCII characters

(string data)

2. Each data item requires
2 bytes overhead (length)

+! byte per character

(including all significant
digits)

+! byte f number of

characters is odd

\_ Imﬂ%/

06



4 CREATING ASCII )
DATA FILES

- CREATE ASCII reserves space an
the disc for a file of the
specified number of physical
records (256 bytes each)

CREATE ASCII "DARATA!", 180

\» D3-45/

(" USING ASCII DATA )
FILES

1@ CREATE ASCII "“TEST", 10

28 RASSIGN @Name TO "TEST"

38 OUTPUT @Name ; "ED", "SUE"

40 OUTPUT @Name ; "ALVIN"

58 ASSIGN @Name TO "TEST®

6@ ENTER @Name ; AS$, B$, C$

780 PRINT RA$, B$, Cs

80 END | Implicit Close-File
ED SUE ALVIN

KA D&g#
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NOTES

NOTES

(HSSIGN @Name TO "TEST"

Fw )
J— —- S —
OUTPUT @Name ;"ED", "SUE"

afEnJ3}5@JE Emﬂ ;
e tete— S

OUTPUT @Nams , "ALVIN"

e

S S — e L e

SN B LI A

ENTER @Nams ;A$,B$,Cs

L

[— DU - 4

\—

(2 ED[3isue s mLvin Erl

ol e lelulel s lall viTin. leerl
[_2 E n] 3 ‘S}U{EJ 5 AL VI N [EOF,

ASSIGN @Name TO] TEST: L R
E‘En S‘SUF‘ 5 AL VIIN EOF
L - SR S S PO Lo

ADD THIS FILE
UPDOHTE :

88 ASSIGN @Name TO "TEST”
898 OUTPUT @Name;“Hf' "BYE"

1B ASSIGN ®Name TO "TEST®
1192 ENTER @Names;A%,5%,C$
120 END  _ppror s9-

End of file fcund

.

7 T T T 77‘“ - Ty Tt
{ 2 T;TE? 3 B\Y[E; FOF H L‘” I N EOF
: 1 L 1 LI

D3--48 /
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 SERIAL UPDATE 1 )

—-One—-file update
—Read in, update, write out
entire file

18 ASSIGN @Name TO "OLD"
20 ENTER @®Name ; A$,B%,C$%
30 B$ = "New name"
48 ASSIGN @Name TO "OLD"
58 OUTPUT @Name ; A%,B%$,C$
680 END

. »

(" SERIAL UPDATE 2 )

- Two-file update

-Read in logical records one at
a time, update when appropriate
rewrite each in turn to new

file

ASSIGN @®From TO "“0OLD"
ASSIGN @To TO "NEW"
FOR I=1 TO 3 I Count of record|
ENTER @From;HS$

IF A$="ED"THEN A%$="New name"
OUTPUT @To;HA%

NEXT I

END

@WNOUN D WM —
AWWANIS IS AN AN N

D3—5(J

—
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NOTES

[

One—-file Two—Ffile

update update

-Faster -Slower

(How much? Depends..)

—Risky: error or —Safe: old f1le not
powar failure during written to
rewrite phase=data loss Only lose update

-Requires esnough memory -Requires enough
to hold FILE memory to hold

RECORD

-Requires only one -Requires two files

file on medta on media
D3—5L)

\

EXERCISE 16

Write a program that updates the data on file "OLD DATA" , using either

update technique that was discussed.

Data to be changed:

1.  Any occurrence of "Nabraska"

to "Nebraska"

2.  Any occurrence of "Misissippi”

to "Mississippi"

Number of data items :

Maximum Tlength of any item :

20
20 characters

For your own information , have the program print out any data item that

is updated, and the number of the data item.

(PRINT A$; TAB(20); I)

100



( BDAT FILES )

- Created by CRERTE BDRAT

—Defined records

- Sequential or random access
—Formatted or unformatted data

- End-of-file is a pointer

—Not transportable or compatible

\‘ D3-52 J

( BDAT FORMATTING

FORMART ON-FORMRAT OFF
- I/0 Path attribute
—Defined by ASSIGN
- RASCII data representation
FORMAT ON

—Internal binary data
representation

FORMAT OFF

101
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4 ‘ — T T [\ x
NOTES BDAT FORMATT ING
ASSIGN @Name ; FORMAT ON
OUTPUT @Name ; Intgr,Real,Strs
{ 1234 CRLFP,E 4 { I,ESEQ,,?CFe,!'fEAH el ‘io %%
ASSIGN @Name ; FORMAT OFF
OUTPUT @Name ; Intgr,Rea!,Str$
i;“f‘f,_ vi ,,RT?“Z‘,,: . NU‘NuNchn HE L.;L °
irSt;Mng var ., overhead
{(count)
Internal reprassntations!
\ D3-54 J
4 ST T T ING TOr a
OTES SCLCCTING BDAT

FORMHAT T T ING
~Default:FORMAT OFF

- FORMAT ON:RSCII data
representation

—~FORMRT OFF: Internal data
representatiaon

ASSIGN 8Nama TO "TEST® ; FORMAT ON

ASSIGN @Name TCO "FAST " ; FORMAT CFF

k DS—ESEJ




( BDAT DRATA FILE )

Storage Regquirements:

1. FORMRAT ON:
1 byte per character
+ 2 bytes (CR/LF)D

2.FORMAT OFF :

Real: 8 kbytes
Integer: 2 bytes
String: | byte per character
+ 1 byte if odd #
of characters
+ 4 bytes overhead
\_ D3-56

(CREATING BDAT FILES)

— CREATE BDAT reserves space on
the disc for a file of the
speciftied number of defined
records of cptionally
specified length
(default = 256 kytes)

CREATE BDAT "DATHZ2", 188,312

\ D&@J
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NOTES

(BDAT SERIAL ACCESS )

—Use (semantics) and syntax is
the same as RASCII file serial
access. [Datz is written to and
read from file at the current

file data pointer

—No EOF is put on the file at the
end of the cata. Instead, an
EOF pointer is maintairned in

the I/0 patk table and on the
disc
OUTPUT @File;Datas

\_ D3~58J}

( DIRECTED (RANDOM) )
ACCESS

—Directed access postitions the
file pointer at the beginning
of the specified record for
OUTPUT or ENTER
(Must specify record numher!)

—No EOF is put on the file. There
is an EOF pointer instead in
the I/0 path table

OUTPUT @File,Rec_num;Datas$

\ DS—SEZy

104



rylﬁ CREATE BDAT "TEST1",

28 ASSIGN @F ile TO "TEST1"
FORMAT ON

38 QUTPUT @File,1;"ED"

19,8

T

T

7@ END

6@ PRINT RS

TRl [T T[]
?@ OUTPUT @Fvle 23" HLVIN"
O SRRSO AN
5@ ENTER @File,2;A$

D3-60 /
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EXERCISE 17

Write a program that puts 100 numeric data items on a BDAT data file.
The values for these data items are from a 3-cycle sine wave that your

program will calculate. Pictorially, the data will Took Tike this:

/\

1. Create a data file "SIN-DAT", either
a. 100 records of 8 bytes/record (Directed fAccess), or
b. 1 record of 800 bytes (Serial Akcess)
2. Generate the data
a. Range of -10 to +10 (10*SIN(X)
b. Use & FOR/NEXT LOOP?
Array (I)=SIN(I*360*3/100)*10

(€8]

. Write the data to your file using the appropriate access method.

Note: The solution program creates a serial access file.



EXERCISE 18

Write a subprogram that creates a BDAT data file, then outputs 20 string

data items (one per record) to the file. The data items will be passed

to your subprogram as a string array in the parameter list.

Name of your subprogram: Write data
File name of your subprogram: "WRITEBDAT"
Create a BDAT file of: 20 records, 25 bytes/record
Name of BDAT file:: “BDAT_DATA"
Parameter list: (Data$(*) )

After you write the subprogram and store it on the file, GET

"BLD_DATA" and run it. Your subprogram will be loaded and called.

When everything has completed, the data file should look like this:

Record 1 Record 2 Record 3

Ve
Data File : Data$(1) Data$(2) Data$(3) .. ./}

107



SuB
Write Data

CREATE BDAT "BDAT_DATA",20,25

Open file

I =1

Write item #I
on record #I

/

I =1+1

>

es

Close file

END

108




EXERCISE 19

Write a program to retrieve and print the 20 data items on file
"BDAT DATA" (A FOR-NEXT loop would be OK). Your program should then
ask which items need to be modified, input the corrected items, and
rewrite them to the file. (Don't rewrite all the items, only the
corrected ones). Remember, this file is a directed-access file so
your program will have to keep track of the associated record number
for each data item.

Some records you might wish to update are:

9
14
15

(They are misspe]]ed)

(MULTIPLE DATA ITEMS)
ON DIRECTED ACCESS
RECORDS

—First do — Directed Access:
Set pointer to beginning to
defined record

— Then do — Serial Rccess:
Move pointer across data items
within defined record

—Crossing defined record boundary
not allowed |

QUTPUT @File, 15;A,Test,Value

\‘ D3~§£)
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NOTES

( SERIAL VS LIRZCTED
RCCESS

Directed

L S UT—

Serial
Conserves space Can be wastful
if logical recorc
lengths wvary
Hard to update Easy to update

Slow access toc Constart access
last records in +times across file
file f

\_ D3-62 )

( BDAT END-OF-FILE )

Updated whenever:
1.Current EOF moves past
EOF recaord (Register 7)

2.END keyword is specified in
an OUTPUT statement
(OQUTPUT @File; END)

J.CONTROL statement sets
register 7 or §

\ D3--63 J/
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( CONTRAST OF ASCII )
AND BDAT FILES
ASCIT BORT
Transportable YES NO
HPL Compatible YES NO
Serial access YES YES
Directed access NO YES
FORMAT ON YES YES
FORMAT OFF NO YES

Record length 256 Defined

Use IMAGE 7 NO YES

\_ D3-64

TRAPPING END-OF -FILE)
18 ASSIGN @Dvm TO "DATA_FILE"

280 ON END @Dvm GOTO Done

3@ LOOF

4@ ENTER @Dvm; DATA(CI)

58 1 = I+1

68 END LOOP

78 Done : CALL Plot(Data(*))

88 END
k D3~—65)
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EXERCISE 20

Modify the program "RAND UPDT" to use ON END and LOOP rather than the
FOR-NEXT loop to read in the data. Check your solution by running the

program, but you needn't bother updating any data items (enter a O
record number).

( ASSIGN REVISITED )

Four functions of ASSIGN:
1.0pen a data file
ASSIGN @File TO "TEST'

2.Close a data file
ARSSIGN @File TO *

3.Define or alter BOAT attributes
ASSIGN @F i 1e; FORMAT ON
4.Reset file pointer to
beginning of file
RASSIGN @Fi11e TO "TEST"

\\7 D3-66 )
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( FILE CONTROL AND )
STATUS REGISTERS

- BRASIC Language Reference p.283

- STATUS reads I/0 path registers
STATUS @File,1;Type,Dev,No_rec,Len

— CONTROL. writes 170 path
registers
CONTROL ®File,?7;100

K, D3-67/

(SPEED CONSIDERATIONS

- BDAT files, FORMAT OFF are
significantly faster than
either

BDAT/FORMAT ON or ASCII files
Exception: Strings

—Fastest BDATwrite is obtained
by using CONTROL to set EOF to
last record in file
(especially directed access)

Kk, D3—§EJ
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EXERCISE 21

GET '"SPEED" and run the program. The program records numeric data on a
BDAT file using various combinations of FORMAT ON/OFi, writing the entire

array vs one element at a time, and forcing EOF to the end cof file.

Analyze the printed results.

Are the relative performances what you expected? What other factors

influence this application? (File size, updatabilitv...)

1. Can you explain why Number 1 is faster than Number 3?

2. How is Number 4 so much faster than Number 27

3. Contrast Number 5 with Number 1. Does the fewer number of byvtes
transferred explain the speed difference? How about formatting time?

4. Why is Number 6 only slightly faster than number ., even though only

half as many bytes are being transterred?

11+



-

I0 PROGRAMMING )

Ob jectives:

l1.Relate Unified I/0 and
Mass Storage Programming

2.Control a minimal instrument
system

3.Control 39826 internal
peripherals

MiU

’

L D4—y

; ‘ ~ \
I-0 IS:
—Data Input and Output

—Stated relative to the computer

—A data source being transferred
to a data destination

—Implemented by Interface Cards

115
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88622HA
98623HR
88624R
88626R
98628A

 INTERFACE CARDS )

Provide electrical and
mechanical compatibility
between the computer and
external peripherals

Examples:

Parallel Interface
BCD Interface
HP-IB Interface
R5-232C Interface
Datacomm Interface

maij

Display
(Hlphn)

(INTERFACE SELECT )

e FuR I=0 TO IB} .

20 FRINT 1 FA'V'k""” : T ’-“'1 . r’

36 T 1 | Procassor | §[WAA_MJ Lw
AL J and ‘ P

Memory
Display i
(Graphlcs) 7 Intcrnu] HP - IB
. - T - b RN ATT
| I T fg*
— w a-31 1T
il
[ | A
Externdl (plug—1in)
Interfaces
K D4-41 /

CODES

Kcybourd
1 oo o C:W

116



10 HIERARCHY

rHigh I/0 Statement
Level ®Name
Select Code
Formatting
Conversion
Firmware Drivers
Low Registers
Level Hardware

D4-5 J

VERY BRSIC I-0

1@ LET Yo]ts = %.51

|
Destination Sourcs

20 INPUT AR , B , C
[

— ot

Destinattons
Operator=Scource

38 PRINT R , B ,_5
Source
Printer=Destination

408 DISP ﬁ , B . g
) Source
CRT=Destination

117
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NOTES

NOTES

( INPUT VS

L INPUT k

The Praoblem of Commas & Quotes

INPUT "Address " ,Addr $
-operator enters—
Houston,Texas{gNTER‘
Hddr$ conta:ns Houston

LINPUT "Hddress"',RAddr$

~same entry-—

Rddr$ conta'ns Houston, Texas

m*v

-

MORE BRSIC I.

Jata Source :

CATA 3.14, 1.68, 2.055, HI

RZAD A, B, C,

i 1 -
Data Desstinations
KESTORE Dwvm_data
Pointer control (like

e A

RSSIGND

His

D4~y




( USER-DIRECTED I-0

—Explicit designation of data
sourcesdestination

—Device Selector: interface
select code (and device

address)

PRINTER IS 721
| Device RAddress
Select Caode

\‘ D4—?}

( DEVICE ADDRESS

(HP-IB)
~5al. el

__J9see —=———— .
i::iprinter ‘

HP-IB o5
Select code 7 ::T{VoltmeterJ

P8 oy

— Ga%thter |
—?7'ggg5 |

D4—lg)

119

NOTES

NOTES



NOTES

NOTES

( USER-DIRECTED I~/0 )

PRINTER 1S device selector
Directs all PRINT data to the

specified device
Default=CRT=1

PRINTALL IS device selector
Directs PRT HLL messages to
the specified device
Default=/01
(Governed by PRT ALL is ON/OFF)

k_, D4—1;l/

( USER-DIRECTED I~/0Q )

LIST # device selector
Lists all or part of the
program to the specified
device

DUMP DEVICE IS device selector
Directs contents of alpha or
graphics dump to specified
device

(DUMP ALPHA, DUMP GRAPHICS)

\p D4-12 )

120



(USER-DIRECTED I~-0 )

ENTER and OQUTPUT
I/0 Workhorses

OUTPUT Device selector ; A,B,C
1. T I ‘]\

Destinatiaon Source
ENTER Device selector ; A,B,C

Source Destination

k D4—13J

( EXAMPLES h

ENTER 2;Long._string$
QUTPUT 1;0perator_praompt$
OUTPUT 2; "BEEP K| X"
OUTPUT 1;1.8,2.8,3.8
OQUTPUT 7B81; "Printer test"

k D4—14J
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( USER-DIRECTED I-0 )
Unifying I/0 and Mass Storage:
- - I/0 Paths - -

ASSIGN @Dev TO "Data file”
ENTER ®Dev ; Readings (%)

ASSIGN @Dev TO 705
ENTER @®Dev : Readings (%)

Bonus: I-0 Paths are faster (15X)

\‘7 D4~ii/

EXERCISE 72

Write a projram that takes 100 "instrument” readirgs and cutputs those
readings to the CRT, then to the printer. Your program can take the
"instrument readings off of file 'SINDAT" for simulatior purposes.
Use oniy ASTIGN, QUTPUT, and ENTER to read and write the cata items.

Don't forget to use the appropriate file access statenent Tor the
structure of the records cn the fiie (sequential is 1 record of 800 bytes,

directed is 100 recorcs ot 8 bytes .

Save your file as "Reed sin" (Tow=rcase tc avoid clobbering "READ SIN").



( DATA FORMATTING h

Two levels:

Low level: Translatiaon of
internal binary data
representation into characters
pBrkYu11 180100 - 356

Internal Formatting External

High level: Arrangement of data
into optimal human or machine-

readable formats
168580 +16.85 E+P4

Unformatted Formatting Formatted

K D4—16j

( DATA FORMATTING )

Low level formatting: I/O path
attribute
FORMAT ON FORMAT OFF
80 ASSIGN @Pipe TO ?B5;FORMAT OFF

High level formatting:

User—defined images"

This topic is addressed
in the following slides

\_ D4—17J
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~ DATA FORMATTING )

FORMAT ON/FORMAT CFF

- I/0 Path Attribute
—Defined by RSSIGN
—ASCII data representatian

FORMAT ON

—Internal binary data
representation

FORMAT OFF

\_ Dygy

C DATA FORMATTING )

In the beginning.........
There were punched cards

—Card image: what the data looked
like on the punched card
(Format)

—Record: one card image
"Physical"” unit of data

\ o415
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( DATA FORMATTING )

-Record Input: ENTER
Reads data items until
encountering a record
delimiter

- Recaord Qutput: OUTPUT
Sends data items then sends a
record delimiter

k D4-20

" DATA FORMATTING )

Data item delimiter: a control
or special character
separating individual data
items

Record delimiter: a contraol
character separating records
(card images)

CARD 1 CARD 2 - CARD 3
[1.23 : 6.78 |F[4.56 : 3.14 |p[9.87 : 5.43

I 1 ! |
Colon data ‘Itaml 4 LF Record
delimiter delimiter
\_ D¢%y
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NOTES

-

rr‘u‘rikﬂg@efyci Stﬁjhg?_Reqo¢d
OUTPR Rl L nothing CRALF
iENT?E”fFTTWF"”jt;fs, Terort
‘FW?;rgzsqis}ank‘Padsg?B}amk ansaj CIQ/L-F?‘
PRINT 1 blank 1 b ank  CR/LF'

A DN -

DATA FORMAT I ING

Data Delimiters

JEOL (end-cf-line) 'sé'qﬁc”n-(:er

.Blank f111 to snd of 18 character f1sld
.Commas fo~ data 'ts< saparators
.Semicolons for data list separators

N\

D4--2 Z’,/

-

DATA FORMAT T ING

Try each of these:
OUTPUT 1; 123,456
PRINT 123,456
OUTPUT 1; 123;456
PRINT 123;456
oUTPUT 1;- 123, -456
OUTPUT 1;-123;-456

)

D4-273 /




[ DATA FORMATTING )

Default Numeric Formats:

—Numbers in the range of

lE-4 g‘Number‘S 1E6, sent as
rounded 12 digit floating
point

—R11 others — scientific notation

OUTPUT 1;123456.7891,1234567.831

\_ D4-24 )

( DATA FORMATTING

Custom Data Formats

- IMRGE explicity specifies the
data format used for
OUTPUT, ENTER, PRINT, DISP,
and LABEL data items

GET "IMG_EXPLS"
LIST the program
RUN the program

\_ D4-25
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(

IMAGE SPECIFIERS )

Numerics (Compact = K,-K)

Digits B,Z
Rad i x .
Exponent E
Sign S,M
Binary B, W
Strings (Compact = K, -K)
Character H
Blank X
Text "LITERAL"
GET "SPECIFIERS" : STEP the

‘program

ma@/

-

N

IMAGE SPECIFIERS )

Records: OUTPUT

—EOL suppress
—EQOL send

- CR/LF
—Form-feed

(CINEEEE

Records: ENTER

—EOL not required

- "EOI"(HP-IB) 1s an EOL
- Skip to next EOL

NN #

r—
)
0¢}



 IMAGE SPECIFTIERS )

Repeat factors:

6D,2D
1R(6D,2D),5(30R)
24 (S2D.4D, 1@X,52D.4D, /)

NOTES

38 DIM Array(48)
48 INPUT Array(x)
58 Img$="24(52D.4D,18X,52D.4D,n"
60 OUTPUT 1 USING Img$;Array(x)

GET "REP_FRC"”

\_ D4—g§)

EXERCISE 23

Modify program "READ SIN" (or your program "Read _sin") to write the
data items as a 5 column printout to the CRT, and a 10 column printout
to the printer. Some things to be aware of:

1. You won't need an exponent.

2. Allow two digits to the left of the decimal point.

3. Three digits to the right of the decimal point are plenty
(our DVM has limited accuracy).

4. Add some extra spaces between numbers on a line.

5. Remember to specify an EOL sequence with each line.

Picture one line of printout and the data images on it, then try to
construct an IMAGE that will produce it.

For example:
-1.345 2.843 8.152 6.001 .055

Then add a repeat factor that will produce the desired number of lines
of that format.
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NOTES

-

INTERNAL I-70
OUTPUT to the keybcard?!

1.Control the computer by
pressing keys, “typing".

2.Allow operator =diting of
string without re—-typing:

OUTPUT 2 USING "#,K";RA$
ENTER 2 ; A%

D4—2?4/

( INTERNAL I-0

ENTER fram the CRT?!
Read in system messages,
CATalogs, etc

Positior the cursor:

PRINT TAHBXY (1,1);

Read the screen:
ENTER 1| ; Screen$

D4-3C /

1306



INTERNRAL I-0

ENTER, OUTPUT to the disc
—Mass Storage-

The Real-Time Clock
SET TIME Seconds
SET TIMEDRATE Seconds
Seconds= TIMEDRTE

D4-31/

’

INTERNRL I-0

~The keyboard
Execute a service routine
whenever a key is pressed

ON KBD, ? CALL Key_svc
priority
- KBD$ function returns keys

pressed and clears the buffer

Keys$=Keys $&KBD$

D4—.’.’>J

131

NOTES

NOTES



NOTES

EXERCISE 24

Write a program that uses ON KBD to trap keypresses and display the
character and its numeric value for the pressed key. Try adding features
to disable the STOP and PAUSE key functions. Look up in the Language
Reference manual the function of the following statement:

CONTROL 2 , 7 ; 2

(Hint - look at the "Keyboard Status and Control Registers" table in the
back of the manual.)

What effect would this statement have on the operator and the program?

How might an operator stop the program if necessary? Perhaps a sequence
of Control-Shift-Key(X)to signal an extraordinary condition to the program?

Use CTRL - SHIFT - STEP - to stop "ON_KBD" after you run it.

(  EXTERNAL I1I-0 )

The HP/IB
Easy—-to-use, ktut sophisticated

Like a caommittee:

o2

kk D4-33
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-

HFP—-1B

—Committee chairman
HF-IE=System controller

—Speaking member
HP—-IE=Rctive Talker

—Listening members(s)
HP-IE=Rctive Listener(s)

D4-34

-

HP—-1B

—Acting chairman
HP—-IB=Rctive Controller

— To address the committee,
member must be "given the
floor" by acting chairman
HP-IB=Addressed-to—-talk
Done by Active Caontroller

a

D4-35 )
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( HP-IB A

—The acting chairman may direct
members to take notes
HP-IB=Addressed—-to—listen
Done by RActive Controlier

—Slow members may raise their
hand to slow down the speaker
HP-IB="Handshake"

\_ D4-36 J

4 HP—1IB A
- The Gavel (restcring order)

HP-IB=Interface Ciear (IFC)
Only done by System Cantroller

—Summary:
A committee is organized,
orderly, anc has protocols
HP-IB is well—-defined,
predictable, and has protocols

k D4—3'7)




(

HP-IB )
"BEHIND THE SCENES™

OUTPUT 781 ; "HI"

Commands:ATN True
1. TALK ADDORESS 21 (MTAR)
2.UNLISTEN CUNL)
3.LISTEN ADDRESS ©1 (LAG)

Data: ATN False
.DOATH "M
.DATA "I
.DATA CR
.DATA LF

NOYU A

-

HP-—-IB )
"BEHIND THE SCENES®

ENTER 782 ; RS

Commands: ATN True
1. TALK RADIRESS B2 (TAG)
2.UNLISTEN CUNL
3.LISTEN ADDRESS 21 (MLA)

Data: ATN False
4 . DRTH "B"
5.DRATA "Y'
6.DRATA LF

D4—3%)
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NOTES (4 I H P I‘._B . L A
"BEHIND THE SCENES”

"Order in the courtl!l”
"Order oun Lhe bus!’

ABORT 7 (IFCH

~The Gavel -

CLEAR 7 (DCL3

~The Shoe?-

\_ D4-40_J

( HP-TIB

Setting up instruments

NOTES

-Commands as data-

Instrument ASCIT
Functions Commands
Range 1,2,3 R, Re, R3
Function 1,2 Fi, F&
Trigger T

k;;f DA— 1 J




Sending instrument commands

OUTPUT 78BS ; "FIRZTI!”

Reading instrument data

ENTER 7?85 ; Volts

HP-IB )

D4-42 J

10
20
30
40
1%
60
78
80

HP—-IB )

ASSIGN @Todvm TO 7085
ASSIGN @Fromdvm TO 7@5
OUTPUT @Todvm; "F1D40R7T1"
FOR I=B TO S

ENTER ®Fromdvm;Volts(I)
NEXT I

PRINT Volts (%)

END

D4-43 J
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EXERCISE 25 (Optional)

Modify your program "Read sin" or the solution program "READ SIN" to
work with a voltmeter. Take the readings from the device (instead of
the file) anc write them to the file, CRT, and printer.

1. You will need to insert some program lines similar to those
on the previous slide to take the re2adings from the instrument.

2. You may need to modify the instrument commands depending on
the particular set-up available to your class.

3. Output the 100 reading array back to the file "SINDAT".
This should simply be a matter of changing ENTER to QUTPUT.

Note: If an instrument is not available, assign the "Todvm" I/0 path
to a temporary file (one record of 256 bytes is sufficient) and the
"Fromdvm" I/C path to "SINDAT".

s HP-1B )
Make things nappen:

TRIGGER 7@5
ENTER 785; Volts

NOTES

Find out what’'s happening:
Status=SPOLL (785>

This is device-specific status,

not interface status

. oi-i)




( HP-IB

REMOTE 7

Prevent operator intervention:
LOCAL LOCKOUT 7

Return devices to local control:
LOCAL 7

Put devices under remote control:

D4-45 J

( HP-IB INTERFRACE
Status: Lang. Ref. pgs.287-280
Type: STRTUS 7,0;Type

Address: STRTUS 7,3;Ad
Ad=BINAND(Ad, 31)

State: STATUS 7,6;State
Lines: STRTUS 7,7;Lines

L D4-46 )
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[

HP—IB INTERFACE )

Control
Reset: CONTROL 7,@;1
Set Address: CONTROL 7,3;Rdr

Interrupt
SRQ: ENABLE INTR 7; 2
Anything else-refer to
Lang. Ref.

04-17

r

“VENT BRANCHING )
~REVISI ED-
Myriad of possible =xternal

causes. One "erable” statement
for all

The "mask" specifivs which
interrupt causes are desired

ENABLE INTR /7 5 Mask

)



( EVENT BRANCHING )

For Interrupts:
ON INTR 7 GOSUB Srg

(Same form as other event
branches)

A1l together now:
ON INTR 7 CHLL Srg
ENABLE INTR 7 ; 2

\‘ D4-49

EXERCISE 26

Write a program that enables and services a service request. The
program should contain a main loop that displays a counter, and a
service routine. In your service routine, obtain the device's status
and print the result. (Use SPOLL).

1. To generate a service request, press the SRQ button on the
HP-IB box.

2. To deal with SPOLL using the HP-IB box, you need to accept
several command bytes, then when the ATN Tine goes false,
send one response byte, then you must accept two more
command bytes. At this point, SPOLL is complete.

Your program must re-execute ENABLE INTR if it is to continue servicing
SRQ interrupts.
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( EVENT BRANCHING )
Interrupt:

—Happens any time, any place

—Is serviced by the operating
system—not thz BHSIC program

—Is a hardware (low—-level) event

Event Branch:

— Happens only at end of current
program 1|ine |

- Is serviced by use~’s program
—Is a BRASIC (high-level) event

\_ D4-50_J

EXERCISE 27

Modify your service-request program so that the main program is exe-

cuting a WAIT 5 in the Toop.

Change the SPOLL function in your service

routine to a PRINT "HERE" statement. Watch how Tong it takes your

program to service the SRC.

Try pressing
get executed

SRQ twice in rapid succession. Does the service routine

twice?

What does this mean?

What effect would this have on your programming efforts if you required
a short response time to interrupts? What can happen %o interrupts

coming in at too high a frequency?



Bailing Out

by a device,

to an otherwise
for ENTER or OQUTPUT on
code 7 to complete

Sets a two second time

[ EVENT BRANCHING

I+ an OUTPUT or ENTER gets '
the program dies

ON TIMEOUT 7,2 CRLL Bail out

Timit

infinite wait

se l

‘hung"

ect

D451/

1. DISABLE only.

.

REVIEW

EENABL.E
Event Priority DISABLE?
ONEND 186  NC
ON ERROR 1B NG
ON TIMEOLT 16 NG
ON INTR 1 - 15 yed
ON KEY 1 - 15 ¥YES
ON KNOB 1 - 15  YES
ON KBD 1~ 15  YES

Loca

(" CVONT BRANCHING )

Interrupts
Logged?

YES
YES

YES

Use ENARBLEZ INTR.
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N\

( EVENT BRANCHING )
REVIEW

Branch Scope ng;;gs:r1or]ty

GOTO  Local Ne change

GOSUB Local ;SpeciFiedpriority
CAHLL GlobaéjgpeciFiedpriDrity

RECOVER Glabal Pricrityafcontext

of ON<event>
of ON<event>

'that defined
'ON<event>

1Dynamic priority

D4w§E)

(

N

EVENT BRANCIIING )

REVIERW
Priority
- Only event branches of
specified priority higher
than current system priority
are taken

— Default system pr-ority=0

-Default event priority=l1

D4-54




EXERCISE 28

Write a program with service routines for errors, special function keys,
the knob, and external (SRQ) interrupts. Define priorities and branch
types to ensure that SRQ is always serviced immediately, regardless of
current program context.

1. K1, K2, and K3 invoke subroutines of priority levels 1, 2, and
3 respectively, and display operating priority.

2. K 19 is an "abort" key that returns program execution to the
main program loop - inspite of current context and operating
conditions.

3. The knob causes all but SRQ service to be disabled for the
duration of knob service then reenabled at the end of the
routine.

4. An error has the same effect as pressing K 19.

In each service routine, display the current priority, the routine's
name and a counter that is incremented to 500 before exiting the routine.

Try various combinations of knob rotation, keypresses, and SRQ to deter-
mine if the logic of your program is correct. Be sure that SRQ is always
serviced, regardless of what the computer is doing.

After your program is running correctly, add a subprogram that displays

the current nesting level ( how many times it has called itself), increments
the nesting level counter, allocates a 100 element array, waits for .05
seconds, then calls itself. Add a call to this subprogram in the main
program and run your program again. Which interrupts will get serviced?
Which won't? How many levels of nesting do you get before you get an
error? (How can you tell you got an error?) What happens if you press

K19 before then? Try pressing K1, K2, K3, then K19. Are you able to
explain the sequence of events that occurred?
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( GRAPHICS )
PROGRAMMING

Ob jectives:

—Display data graphically.
Curves, Bars, Pies

—Create and manipulate ob jects.
Draw, Move, Rotate

N vs-1)

( INTRODUCT ION )

Graphics = Plotting = Drawing

The pencil: Electronic or
Mechanical

The paper: The CRT or Plotter bed

The ruler: Graphic Display Units

(GDU scale versus inches or

millimeters)
Ja,laa{"”‘*"“”‘“w 133.44, 102
s | CRT i
> pel  1133.44,0
X axis
\_ D52 )
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INTRODUCT ION

10 GRAPHICS ON = GRAPHICS

20 ALPHA OFF =GRAPHICS (2nd press)
30 GINIT = Initialize paramete

(Refer to GINIT in ref. manu

4@ GCLEAR = Clear graphics.
o8 MOVE 8,8 = Lift "pen", move

1t to lTower left of CRT
(X=0, Y=8).

62 DRAW 14,18 = Put gen down,

draw a line from current

(X,Y) to (X=1@, Y=10>.

~

re

al)

\_ D5~3J}
( B
DRAW A L INE A
DRAW 50,50
X Y
192
'U)
.
0
g ,
a 1373
X axis
\_ D5-4 )
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( DRAW AN X

Visualize the action:
Draw — Move - Draw

180 GINIT
20 GRAPHICS ON
38 DRAW 508,50

8,50 . 58,50
48 MOVE @4,58 ., o
58 DRAW 58,0
680 END .
2,8 sdz
\k D5-5 J
~N

( DRAW A CIRCLE

Visualize the action:

BAFOR I=@ TO 3608

186 NEXT I
118 END

\

Move = Draw — Draw — Draw...
5 DEG o

18 GINIT . \g

2@ GRAPHICS ON S

30 X=50 | Center of | -~

40 Y=50 I Circle

B@R=40 . ! Radius of circle
7BMOVE X,Y

90 DRAKW X+R*COS(I),Y+R*xSINCI)D

D5——6J
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( DRAW A SINE WAVE )

This can be used to plot most any
function of X. Y=f(X) = SIN (X)

5 DEG
I8 GINIT
28 GRAPHICS ON

3@ MOVE 9,50
4RFOR X=0 TO 38@ 100

5@ DRAW X,SIN(X) - |
E@NEXT X 2,52 fﬁé?
7@ END L e

Try scaling...

SB DRAW X/36@%1@@,SIN(X)*408+50]

\_ %{U

( GRAPHICS SCARLING )
You can scale the display to thse
range of the data you wish to
represent.

5 DEG

18 GINIT

28 GRAPHICS ON
3B WINDOW ©,369,-1.5,1.5

40 MOVE @,8! {5

SOFOR X=8 TO 386U o

B@ORAW X, SINCX)

ONEXT X -1.5

80 END @ €D
\, %4y
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( DEFRAULT SCALING )

108 J GDU/S

Graphic Display
Unit

a 133.444

SINCX) SCHLING

1.3 UDU‘s
User—-Defined
Units

-1.5

(5] 368

\ 59 )

( DEFAULT SCALING )

(What, and why is it?)
1.It is arbitrary.

2.It is independent of actual
plotter size.

3.Plotter short side = 1800 units.
4.0ne X unit=0ne Y unit=0ne GDBU

S9.Rspect Ratio (X lens/Y len) of
plot area = RATIO function.

& D5—10J
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NOTES

C DEFAULT SCARLING )

(How can I use 1t7)
1.Scale your cata appropriately.

2.Ignore it. (Scale display to
match your cata range.)

3.Use it with VIEWPORT to allouw
the same routine & same range
of data draw on different

areas of plctter.

( LOCATING & SIZING
THE PLOTTING HREHA

~Use VIEWPORT to spec:fy where
and how big the plotting

area 1S.

- VIEWPORT uses GIOU's to specify
points on the plotiing device:
Xleft, Xright, Ylower, Yugper

VIEWPORT 40,65,48,6d
VIEWPORT Left. Right, Bottom, Top

K} DﬁLu)




( MULTIPLE PLOTS

Insert these 1lines:

21 VIEWPORT B,68,0,45 !Lower Left

22 GOSUB 308

23 VIEWPORT &S, 138,@,45
24 GOSUB 30

25 VIEWPORT ©,68,55, 188
26 GOSUB 3@

27 VIEWPORT 65, 138,55, 100
28 GOSUB 3@

29 STOP

7?1 RETURN

ILower Right

IUpper Left

'Upper Right

D5-134/

\

GDU’s: Blue

1809 1.5
AINE 25

VIEWPORT
53 ~-1.9
7] 368

45 11.5
AINE 21,

VIEWPORT
) -1.5
2 360
@ 60

UDU’s: White

EINE 277
VIEWPORT

(%) 368

LCINE 23,
VIEWRORT

(5] 368
65 130

 WHAT YOU JUST DID: )

D5-l44)
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~ - .
VIEWPORT estab ished)
—size

— location

of the plotting space on the CRT.

WINDOW established

- range

—size

of the UDU’s within the VIEWPORT
plotting space.

o DS- 15 J

EXERCISE 29

Modify the program "CIRCLE" so that the circle is drawn inside a

window of 10C X 100.

What happens to the circle?

Can you explain why? Be sure you

understand what happened before continuing on tc the following

topics.
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Isotropic UDU s

X unit length = Y unit length
(Like GDU’s, only different)

VIEWPORT @, 120,82, 1004
SHOW -18@8, 1880, -5008, 580

( YET ANOTHER SCALE )

168 GDU’S
1008 —— —-
508
-50@ :
I
~1008 |088
k D5—16J
(" VIEWPORT estaklishes the ™

plotting area. (in GDU’s)
Within the plotting area:

WINDOW defines the range of
UDU’s on X and Y axes.
(X units = Y units)

SHOW determines size of UDU so
that X unit = Y unit.

\_ D5-17
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(" WINDOW scales the plotting N

area in units agpropriate to

plot data. (seccnds vs. volts)

SHOW scales tne plotting area
in units appropriate to drauw
ob jects. (inches, feet, meters)

\_ %—@/

( BACK TO BASICS )

kA D5- 1)

Pen caontral:
MOVE vs. DRAW
PENUF (external plotter?
PEN

Draw line : > 1
Graphics
Pens

Erase line <
Complement lire : B
Exterral : sel




M INE PATTERN SELECT:)

LINE TYPE ‘41 ,5
tsfpe r'a'rp-'eat length

-Up to 10 line types
(Solid, dotted, dashed)

- Graphics line types may not be
the same as external plotter
types

- Repeat length is in GDU"s

D5-20
N )

EXERCISE 30

Modify the program "FOUR SIN" so that each curve is drawn with a
different line type. Choose line-types appropriate for drawing con-
tinuous curves.

Be aware that line type affects the frame drawn around the plotting

area (via the FRAME statement). How might the program be modified so
that the frame is always drawn with 1ine type 17
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NOTES

(SOME MORE BASICS )

For interpolation and
extrapolaticn you use graph
paper.

Graph Characteristics:
—Grid pattern

- X axis

=Y axis

= Tick marks (on the axes)
—Graph and axis labels

\_ D5-21

/ERHME your plot. )

—Uses current line type.

—Frames defired plotting area.
(set by VIEWPORT)

Put AXES on your plot.
Specifies X and Y axes.
—location

—Tick-mark sgacing

—Large tick interva!




@XESla,e, 50,58, 5,5, 10
: j ! | !

Ma jor
=+ Tick Count

HEH R ]

s

1 ‘ T
Tick Axes l Major
Spacing Locations ' Tick Size

D5-23

\

—~ Cross—ticks drawn at

intersections of minor ticks

GRID 5,5,50,50,5,10

MWHTM*J,_,WFM_H P

Tick | Ma jor
Spacing } Tick Count
Axss

Locations

(but a GRID on your plot. )
-Similar to BXES statement.
~Major ticks extend across plot.

D5—244)
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10
20
30
40
1%
60
I4%)
89
S1%)

(SEMILOG GRAPH PAPER)

GINIT

GCLEAR

GRAPHICS OCN

WINDCW @,1@,@,3,4hdetermines
GRID 1,0 log cycles
FOR N=1 TO S

GRID ©,1,0,LGT(N)

NEXT N

END

D&qy

EXERCISE 31

Modify the semilog grid program to produce a 4 cycle Y axis loglog

grid. You could either add another FOR-NEXT loop or modify the
WINDOW and GRID statements to draw lines on both the X and Y axes

on an LGT basis.
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(LABELING YOUR GRAPHY

- LABEL/CSIZ/LDIR/LORG

~Labels are drawn at current
pen position.

-~ Character strings, numbers,
or arrays can be labels.

— The program can specify:
—Label character size (C51Z)
-QOrientation (angle) of label

(LDIR)
—-Relative origin of label
(LORG)
\_ D5-26/

" TITLES BAND AXES )
_ABELS
GINIT

GRAPHICS ON

WINDOW ©,5.5,8,5.5

AXES 1,1

MOVE 2,5

LABEL "GRAPH TITLE"

70 FOR X=0 TO 5 .

gg E(H)EELX),(Q 4 GRAPH TITLE
NEXT X B
FOR Y=B TO 5 3
MOVE 8, Y 2
LABEL Y i
NEXT Y "W 2 3 4 s
END B 1 [

0) UT-h W N —
NI AR RNV

b b et b b peh

MDA WN—®
(AN AN
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( ABEL CHARACTER SIZE)
CSIZE
—Lakel Characters Have:
Default Height (3 GDUs)
Default Width (3 GDUs)
Aspect Ratic = 3/5 = .6

NOTLS

—Height and HAspect Ratio set
by CSIZE
- Change "Graph Title" to:
€ GDUs high, 3 wide
CSIZE 8, 3/E

\_ D5~2%)

NOTES ([ LABEL Oﬁ?_gIENTHTION A

—Labels can ke oriented in any
direction, =s appropriate.
—Label direction is specified
in current engular units
RAD or DEG

- fHAdd to end cf program:
MOVE @,d '
DRANW 4,4
MOVE 2,2
DEG
LDIR 45
LABEL "Bisected Angle”

\ DSWQ%Jj
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[ RELATIVE ORIGIN
OF LABELS
LLORG
—Normally, labels are drauwn
above and to the right of
current pen position.
—Use LORG to specify other
relative placements:

—below—left, centered—-above,

etc.
-LORG 7

the

~

Daqy

(3. 5. 9.
2.LABEL 8.
1. 4. 7.

DEFAULT = LORG

Normal pen position/label
placement

LORG 9 (Below-left)
— Pen

LABEL
EEEE:E] (Center—above)
LABEL
T\

Pean

\

1
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EXERCISE 32

Modify the program "LABELS" so that the X axis labels are below the
axis and the Y axis labels are to the left of the axis.

EXERCISE 33

Modify the program "READ SIN" to plot the data after it is read off

the file "SINDAT". Your plot routine should be written as a subprogram,
with the number of data elements and the data array passed as formal
parameters.

The plot should be framed, with labels and axes as appropriate.

Contrast these graphic results with the printout of the data you
performed previously.

lod



PLOTTING BOUNDARRIES )

Device—defined boundaries
Hard-clip limits
—Edge of CRT
—Edge of plotter bked
User—-defined boundaries
Soft-clip boundaries
—~ VIEWPORT boundaries : GDU s
—CLIP boundaries : UDU’S/GDU’s
CLIP Left, Right, Bottom, Top

CLIP ON
CLIP OFF

K D5-32 J

(RELATIVE PLOTTING

Useful for drawing ob jects:

3

5
IMOVE, IDRAW specify &4X, L&Y
(+ X units across, +Y units up)
IDRAW 5,0 (5 units acraoss)
IDRAW 4,3 (3 units up)
IDRAW —-5,08 (5 units back)
IDRAW @,-3 (3 units down)
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NOTES

NOTE >

(ROTATIONAL PLOTTING )

Used primarily to rotate ob jects:

PIVOT specifies rnew orientation
of X and Y axes “or MOVE, DRAW,
IMOVE, IDRAW.

PIVCOT 43 or PIVOT Ri/4
PIVOT 135 or PIVOT 3%PI ‘4

\_ D534/

(FSOTERTCS & REVIEW )
C§1f3p1rﬁg:[mzmlts ¢ boundaries
poHard-ctip limits
- Hbsolute 1T:mits of plotting
area
- Physical device boundaries
- ALWAYS 188 CDUs ocn short sides
2.5%0ft-clip boundaries
~User—-defined plotting area
boundaries
-Established by VIEWFPORT or
CLIP
= Soft-clipe:ng regulated by
CLIP ON/CLIFP OFF
- If CLIF ON, no plotting
cutside scft-clip boundaries

D6-&
\

\é}
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rplotting units:
l.Graphic Display Units (GDUs?
—Defined as 17188 of device’'s
short side
- Isotropic:
X unit size = Y unit size
- Locates plotting area on
plotting device
2.User Defined Units (UDUs)
-Plotting area scaled to range
of data
- Can be Isotropic (X unit =
Y unit) or Nonisaotropic
(X unit # Y unit)

K‘ D5-36 J

(é.Isotropic UDUs )

— Defined by SHOW statement

- Centered in VIEWPORT area

- Necessary for drawing ob jects
X units wide by Y units high

4 .Nonisotropic UDUs
—Defined by WINDOW statement
— Mapped into VIEWPORT
(soft-clip) area
—Useful for graphing
relationshipgs [Y=f(X)]

D5-37
_ 7)
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NOTES

NOTLES

@]Ottiﬁg:making lines
l.ARbsolute Plotting

X,Y point
(MOVE: pen up,; DRAW:
- Location specified

units

(GDUs or UDUs)
2.Relative Plotting

X,Y distance
(IMOVE:

pen up; 1DRARW:
down?)

—Distance specified
unizts

(GDUs or UDUs)

\_

— Moves the pen to specified

gen down)
in current

- Moves the pen by specified

pen

in current

D5—384)

ézphysical Pen
- Restricted by cl-p
- Moved by DRAW,

-Lifted by PENUP
plotter)

- Not moved

ping
IDRAW

luseful on

ny DRAW/IDRAW

outside cl:p lim:ts!
(Logical pen is maoved)
4.Logical Pen o
- Not

restricted to

cligp
- Updated by MOVE, IMOVE
Also DRAW, IDRAW
- Physical pen is relocated
Logical Pen coordinztes by
DRAW, IDRAW

imits

limits

to

N

D5—39J)
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- Always measured in current
units

- Always along strictly
horizontal and vertical axes
for Logical Pen placement,
AXES, and LABEL

— Can be "rotated" by PIVOT for
drawing lines. Labels & axes
not affected
PIVOT specifies angle in
current angular measure
(DEG~-RAD)
-PIVOT can be used to rotate
ok jects being drawn
*Use with care!

6lF”ot Coordinates )

K D5-40

GRAPHICS CONTROL

—-Initialize: GINIT

—-Clear screen: GCLEAR

~Turn off alpha: ALPHA OFF
(also ALPHA ON)

~Turn on graphics: GRAFHICS ON
(also GRAPHICS OFF)

-Hardcopy graphics: DUMP GRAPHICS
(DUMP GRAPHICS #7@1)

-Save graphics: GSTORE Array (%)

-Recall graphics: GLOAD Array (%)

( INTERNAL )

\ D5—41)
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NOTES

NOTES

‘ - E— N\
( EXTERNAL PLOTT ING
PLOTTER IS
—Default plotting device is CRT:
PLOTTER IS =, "INTERNARL"
-Programs can also be directed

to external plotters (except for
graphics control operations)

PLOTTER IS 7RSS, "HPGL"

\_ D5-42)

[ UXTERNAL PLOTTING )

-txplicit Plotter (ontrol
What s HPGL?
Hew'lewt-Packard Graphics
lLanguage

- belect pen spsed fast slowl:

- Select alternate character
sets:

. o
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EXERCISE 34

Write a program that plots percentage data as a pie-chart graph.

There are a number of ways to attack the problem, but one way is
to read the next percent and call a circle-drawing subprogram that

draws the given percent of a circle.

Example data : 25, 15, 10, 20, 10, 20,

Resulting Pie Chart :
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EXERCISE 35

Write a program that implements a bar-meter type readout of a changing
signal.

Incoming signal values should be serviced by an interrupt service routine
- in this case, a knob-service routine.

While in the routine, update the bar-meter by drawing to the right or
erasing to the left, devending on the new signal value (greater to or
Tess than the old signal value).

(A1though this program uses the knob as its signal source, that source
could easily be data from an HP-IB instrument.)

Your main program here should consist only of set-up and an endless
loop. In a more complex application the main program could be exe-
cuting various other tasks, since updating the display is tne responsi-
bility of the service routine.

Example readout :

NSNS E NSNS FE U NS W NN N N N W
K 1 T T
L1 ] - o 4

vo it ge

172



D1-24

18 ! "EDITL"

28 oo The following lines (188,118,128 are far
g5 ! sditing.

EL5] b The sxclamation marks are ﬁquitm&]irn. T
Sl ' the s=tandard BERZIC REMCARED statement.

£ !

Ta ! Femowe the exclamation mark, correct the
=15 ! lTineg, then preszs ENTER to store it.

EXt !

..

x]
—

[ux)

Il

FEREHT "This kewword iz misspelled,”
FRIMT "4Your HAME here.
FRIMT  ‘aur RDODEESS here"
!
I
GOTO 1928 ! This 1= an 11legal GOTO at EUMN time
]
I
EHD
FRINT ' Thiz Tine must be deleted,
GOTO 1280 So must thisz one.

A e i e i o i
BARRIY IR JEN I S IS A R L
Do T o o T o S A het T 0 I ot T X |

=
[cx]

I SAYE "REWIEW" D1-31

FEM Progeam to compute Mean, Yariance, and

FEM Standard Dewiation

]

!

FEEM Imiti
OFTION E
OIM =dl|
DATA 2@,
FOR I=1

FRERT
HE=T 1
Sum=#
Sumof squares
Humofitemsz=
I
I
FEM Compute =um and =um of =guares
FOR I=1 TO Humofitems

Sum=Sum+EC I

Sumofsguares=sSumotf zquares+E 0T i 0
HEST I
!

I

1]

plind
15

Y
L)

- -
POUNS A

lization =&ctioan
SE 1

—
hix]

—
bacx]

a
H
4 s 13,
TO 148
R

U o I B ]

g

— T T T —,

Lot o B I I v ]
- Iu
-
DU |

[ RN B B B 2 R AL Y OO PR (NI e B B )
oo =

[}
=
AU A )

-
150 15

Mearn=Sum- Humn+1T»m

Varianoe 2 ar

Std_dew=: 1 AR e

COSUE 228

STOFR

!

!

FEINT "Iwndex ";THECL

FOR I=t TO Humofitenmn
FEIMT TARECZ ;I3 TAEBOLL3E 0T

HE=T 1

I

FRIWT

FRINT "Mean= ";DROUHDCMean, S5

FEINT "Mariance=s "3 DEGUMLCVYariance, S0

FREINT "Standard Dewiation= ";DROUNDCZtd dew,S2

RETURH -

EHID

s-SumFSumoHumofitems o CHumof 1 tems—-13

-'._'I | A S O SO L L O B L B e e e i o Y o TR B s S | I U S T O

Par

RN IR PR | I N

[N
—
Lo I O O o T ot T ot O ot T o T o

“ ; "Tigt "

[

-
[x]

(3]

P o— g
[ T o T o T o 5 I )
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1ey !
S

SAYE

"LOOFTIME"

Bz program ©an be

thent .

=15
C 33
S0
£k
T
=15
ElS
14

...
(R ]

3

o o

A+ B S ] P
=
MO RN

Ll i e | (I e e e e
T Fey
Do)

Toouse

! 4 izt

b

it, replare 1
IHNTEGER Orme, Tuo,
FEAL Fouwr Fiwe, 59
SET TIME &

Heazure FOR-HEST loop

FOR I=1 TO 1000

HE=T 1
Timel=TIMEIATE

trw different =t
FOR I=1 TO 106QAG
I o #%%x%x%% Tezv =t at
HE & I
Timegd=TIMEDIARTE
difference |

FRINT
EHD

"Ewesut ton

St T e

toimE

1

by =

oo meazurs the 2asCut s o BESTL o proogran
TE owitkh the program 1 toooe cimed

Po=momes intedger wars

P oZome real wars

=

s oan Yirs 138

togues here, #ErEEs

= (TS A N VT dsided o Shsaal! the statement
melr MOD 25400185840

Yy dtatement timexl0Oag i1l zerangs "
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..
Do}

SAME "MOMTH DAY

Thiz program takes an input of th
cutput of the form
Month Daw, Year

o
[acx)

-
[x)

—
!

OFTIOW EBASE 1 I Lower boand=1
ODIM MonthEolzs[18]

Ty L o O3 DB e
[ I ]

Ty
=

TE fMomthE 01l =" TRHLUARY" U Initialize mame
oR Mokt hEFC2="FEERUIAREY" ! of monthsz.

"HMARCH"
"RFRIL

[Mart b«
Mot g
MonthECSo="MAY"
MonthECe="TUHE"

Momt hECT =" TULY"
MorthECS2="AIGZUST"
Mort hECI="SEFTEMEER"
MormthECIB="0CTOEER"
Mokt hECLL »="HOVEHMEER"
MorthEC12y="0ECEMEER"

..
fex]
!

...

x]
-
o

1

-~
LI )

SRR | B A
[ o T 2 T 0 T S B

et OO =
=

pusd
[}

INFUT "Enter mm-dd-ve",String#

,_
[

GO T e e b b b bt e s

g T

! How fimd the mumber of the month,

Arzwerf=MonthE OVALCSt rirg® o
Set oa pointer past the first MoN

Temp=FOSdStrings, " "1+

Start building the output a
Arzwerf=Anzwer®L" "LItringdIT
Arizwerf=Anzusr$fs" "

Mow =zt & pointer past the zecond "
Temp=Temp+FOSCs3tring$dFlTempl, "ot

Add the wvear information as 19w,
Anzwer$=AnsuerFL" 19" 85 ring$f [ Temp; 2]
FREIMT Anzwer#$

END
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Solution 2

—
)

I SAYE “SCH_RFLY
DIM Search_in¥dl13@:0104]
! The rnext lins defines the name of the R

-
U R

[

L]

S

..._
m
[=N
.

Frogram$E="CIRCLE"
! Fead in the ASCII f1l1e until end-of-file
ASSIGH EFipe TO Frogramd
O EHD @EFipe GOSUE Done
I=n
FREFEART
I=I+1
EMTER @Fipe;Search _1nFdlo
UHTIL Eaf
Hum_elem=1I
SOSUE Seard replace
ITHFUT I print tie entire areaw?" , oF
IF FOSCSE, "ats OF FOsose:, """ THEH
FOR I=1 TO Hum_elem
FRINT Zearch am$cll
HE®T 1
ELZE
EHD IF
STOF
Done: AZSIGH BFipe TO + PStap reading
Eof=1
RETUREH

1 I N T P T 0
AN

[ag
Do)

,.,_,..
O S
-
)

o e
(AR A W

v
5!

Oy o e e o

el

o

L U IR N N |
Do I I it B i B e

plieg
fux]

i
[x)

ORI NI N T R I O T S e e T e e e o~ N B X 2 ¥ |
fax]

D)

EHREFEEE 2K FF S L AL LE R X D XXX L X E S X

L]

—
15

NNV

' Append wour subroutine starting here.
=238 1 GET “"TEMRE"

—_
i

SHVE "SCOHREFL SUET
Zearch replace: | lne szible zolutioan.
IMFUT "Enter the arch o =tring",AF
IHFUIT “"Enter the replace =tring",BF
FOR I=1 T2 Hum =len
sEROSCSearch inFoly, RES
IF ¥ THEH
FEIMNT "The 1ite wasz:®
FRINT Zearch_ I

-,
ot il
(i3]
'
]

LI A
KOO RN

T T T
BN R

Pt

i Search _1R¥l arc b Tolt,H-11eBELSar ok nE e DD+ LEMIAED]
& =R

r
I = .
FEINT "The Tirme rnow 3
FRINT Zearch_ '
FEIMT
WRIT .2
ELZE
EHD IF
HE®T 1
FRIMT
FRINT
FETLURH
EHD

AN

TEout 0 Ty LR da Do fuao— T
Eaco I T o T T % O ) :

| O O T e S e e i et i L X B % £

—
D ]
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SAHVYE "“IFTHEHMELSE™ D2-8
IHFUT "Flease enter zome humber",HHumber
FOR Count=15 TO 8 ZTEF -1
I
IF EITiHumber, Count > THEHN
FRIMT "1";
ELZE
FRIMT "&";
EHD IF
!
HEWT Count
FRIMT
GOTO 28
EHD

L)

T
1L

ter

Lo QI P
oo

—
LATURE U )

T T
[ ]

o e e e 00 )
U A N o

BN TA R 5]
[xx]

SAYE "SELECTOASE" Solution 3
IHFUT "Enter a number ", Humber
FOR Count=15 TO & STEF -1
SELECT BIT<Humber, Count
CHSE A
FRIMT "a";
CHASE 1
FRIMT "1";
EHDI SELECT
HE=T LCount
EHD

AR B B A% A A
DOURNL AR AR AR A

g
[ st i x]

D ey LR X TR [ S | I+ R I (O ]
[ua}

- I
[ux]

I SAVE "“UFFERCAZE" Solution 4a
IMFUT "EMTER A STRIHG",Af
|

pl
LU R

i

5} ! Lamk at one character at o a tims

!

FOR I=1 TO LEMoA%®:
SELECT A$CI,13

R i
LI wx]

—
[ux]

[l
in
-
—

-+
-
i
]
it
o

Ju}
m

I
| If the character 13
CASE "a" TO "=z
! then zubtract 32 fraom it”
H$[I,I]=CHR${HUMEH$[I,I])—5;Z
EHDL SELECT
HE®T 1
FREIHT A%
EHI

.,.
bxn
Doy

o

prbegling
[l

T R T R B S

A I OO P O ]

pro
[t
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18 | SAYE "URC_LMC"

=i ! Function® determins: whether thiz progr

—
N

Furnct iong=s"LMHI" PEither UPD o LHC
!

OIM AsECaE]

IMPUT “EHTER A STRIHG",A#

!

o
Do o B

—
hax]

! Look at one charactser at a fLime
FOR I=1 TO LEHIAF:
SELECT RA$CIL I
|

P —
[ROUR

iy
[ax]

I the character Tz irn v
then zubtract 22 from 117
IF Furnctiong="UFC" THEH
A¥LI, I1=CHRFCHUMOAF(D, [T 3-220
ELSE
EHD IF
CHZE O YH" TO o vZ2®
! How trw to zee 1f function iz LHI:
IF FunctionE="LKI" THEH
A¥ELI, I1=CHREFCHUMCAFITI, I 0+32 0
ELSE
z EHD IF
258 EMD SELECT
Zed FERT I

!

CHZE "a" TO "z"
l
|

A
[ ]

i S I ST B SO I (R o T o
[hon I ot B e )

o
[ ]

e e I RIS A

S D il i e e e i LI K N I s S+ B N WY
(N ]

1=

FEINT A%
EMD

161
e

SHYE "REFPERAT®
INFUT "HUMEBER™", Humber
Count=15
FEFEAT
IF BEITiMumber , Caount > THEH
FEINT "1,
ELZE
FREINT "a",
EHD IF
Count =Count -1
LIHTIL Count<a
FRINT
EHI

iy
!

DUTE L) B N PR U
IR

T 4T
oo

-

DU
— T T o
o

3

L e S N B X

DO O
1

ey
[n}

fanl

SAVE O "WHILE"
ITHFUT “HUMEBER?™", Humber
Count=15
MHILE Count »=0
IF BITOHumber . Cowunt © THEH
FRIMT "1ty
ELSE
FREINT "t
EHD IF
Cognt =Coaunt ~1
EMD MHILE
FRINT
EHII

DU AU U A R

o
3

oIS oo

ey
!

Lo e N N It T AR £ B R P T OO TS
-~
I ot T WU S

[ O B
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Solution 6
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I SAVE v "n"HL__F:EF“ SO]Ut] on 7

FRINMT " PASES EY VALUE"
FEIMT " I","FHZqlol:","<Doez not alter pazzed parans"
FRINT f-=t termm
FOR I=1 TO 1@
FRIMT I,FHSgiccIx:
HEXT I
FREINT
|
!
FRIMT " FASS BY REFEREMHCE"
FEINT " I","FhEgqloIlx","<Doez not alter pazzed params
FRINT "—=t, -
FOR I=1 TO 14
FRIMT I,FHZg1cI2
HE=T I
FRINT
!
!
FRINT " FARZS EY “YALUE"
FEIMT " I","FHSqz<I:","<Tries to alter pas:zed paramn?
FRIMT "M==ty e "
FOR I=1 TO 14
FRIMT I,FHSgacclss
HE=T I
FRINT
!
!
FRINT " PRZES
FEINMT " I","FHSg2dIs","<Tries to alter passzed param:"
FRIMT "--" tMeemmm "
FOR I=1 TO 1@
FRIMT I,FHZqzclz
HEXT I

B
T

-
LA KU )

,_,_,_
LROUR MU M)

-

i

-
LU U

=3 T N e O3 oo 3
D I o T ot o B o N

— o 00
Faos I ux ]

hx]

fix]

5]

i)
box)

4
c

—
[x)

AR v
DAL AU R

= o

LI WU L DV DN DI N LI O I G S T O e i o ol o Y w W T S5 (R NN PV O BT
[xn}

LI
[an}

x|

D END
254 !

I
DEF FHEg1 CHum: boloes not alter pass
FETURM Hum-z

FHEHT

fucx]

4
=)
[
-
I

o
1
[t}
o
[
|_I|

Hum=Hum~2
RETURH Hum
FHEHD

....,_,_..,...,_
DU U o o I R R ot B B

[E SRS A N R N R T O O Y
o OO do— S
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—
ol

o

[xnl

D) B N I OO =

el
lex]

-
i)

-
[ax]

ool

-
LACL I R

o0

,.
bax}
—
[ix ]

—
[x)

g
[x]

Y

o
L]

o

J T B G P

o
[axl

e
b

U ot

-
Ll

| I O S O S B O e i
[ e B I

Do I I X ]

e prx Pl

LD

-
Dol U ex

S
[ax]

IR

LTI %

U R o I )

A

Ty O fa D P e 5o 00 = Oy O G Do 05D

o
i

SHYE "HEAR® Solution 8
IMTEGER R

FERL rumber
REAL rumber

e

— -
I
—
e
_
oo

o

FREINT "Mz
FREINMT " A
FEINT A;E
FEINT

I

I

FRIMT "Fasz=z bw walue: .
CALL Primtour C1*R, 1B, 0005
FRINT

I

I

FEINT "Faz=z by reterernce:
CALL Praimtout oA, B3 ' FPassz by ref

EHID

!

|

|

SUE Frimtout o, Y OFTIONAL 22

IF HMFAR=Z THEH

FREINT "In subprogeram, got optional param 2
FRIMT " A, B, &, =, ¥, Z"

FRINT AsEB;C;sys S

FRINT
ELZE

FRINT "In subpraogeam, oo optional paramn'
FRIHT " A
FEIHT H; E
FRINT
EHD IF
SILIBEEHD

in progeamn waluss’

I
[aal
™

(]
m
iy
[}
v

B walue

i

I
-

[aa]

T
+.
i
]
113
-
1
1)

E, O, ¥, ¥, nao 2"
.
1
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I SAVE “LAEBEL_COM!
A=
E=

)

DR O

coM H,E\C

FRINT "“aluesz in Main
FRIMT A;EB;C3LiMsH

!

!

CALL Prinmtoutl

FRIMNT "“Yalusz in Main

—
LRI R I )

—
bax}

FRIMT A;E;Ci;LiMiH
!

CALL FPrimtout?

EHD

!

i

!

SUE Prinmtoutl

COoM ALE,C

COM <Cruptos L,MH

(R Y w S B B 2 S = P T L Tt o o ot ot 8 U ot
o I o ot I U I %t S

| I O L T i e e e e e I Bt N 0 Y O ) SO N P T L B o
[xn

-~
]

[ B o I A

DOCHES I S|

[ B R R an ]
-
=
]

[}

LRI DR U QU DR G (W]

—

7
Dex}

FRIMT "Fir=t Sub COM

J o
DU ]

FRIMT RA;E;T3;LsMsH
FRIMT

SUBEHT

{

SUE Privtoutd

COM sCruptas L,MH
FRIMT
FRIMT "3

Do

Ty
Dx )

[xx]

O S T P T R S TR T ]

-
[xx]

comnd Sub COM

,._
Dex ]
[ I o B v

FRIMT H;j
FRIHMT
SIUBEEHD

s CsLyMsH

RN

EONR A

SR

FRIMT " ®, E, ©, L, M,

PRIMT " A&, E, &, L, M,

PRIMT “ ®, E, ©, L, M,

FRIMT " A, E, O, L, M,
E

betore

N

call®

after call"”

” i

walides

” 1

walues

M

181

Solution 9



I SAVE “"EEYSL" Solution 10

OH EEY 8 LAEEL "FRIO _1",1 CALL Subl
AW EEY 1 LABEL "FRIC_S",5 CALL SubS
OH EEY 2 LHAEBEL "FRIO 14,14 CALL Subid
oW FEY > LABEL "HAEBORT", 15 FECOVER Abaort
Loop: !
DIzF I,"Main"
I=I+1
GOTO Laop
I
Aot PRIMT "Aborted operations”
STOR
EHD
!
I

SUE =ubil
FEINT "SUE: Frioritw 1
FOR I=1 TO 28885
HE=T 1
SIVBEHD
|
SIUE =SubS
FRIMT "SI0E: Frior
FORE I=1 TO 156808
HE=T I
SIUBREHNTD
i
SUE Subild

O EEY 3 LABEL "SToOR", 15 GOTO 2368
FRIMT "SUBE: Priaoraitws 14°
FOR I=1 TO 156848
HE=T 1
SIUBESTT
STOF
SIIBEMD

DU e
)

- o
LROURSL ROU M

T
A

DX A )

.
— e e
DR U X ]

L3 B A T (O T

oo 0 = iTy
e
[ B U U A R o B X

—
[ RN]

LI et N N B B B R Y SO VU R (U Sy

S
25 T

iy
=

i
-
AOURNE ML o)
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| SAYE "FRIORITIES® Solution 11
OM KEY @ LAEEL "CALL FS",S CALL Fris
OM KEY 2 LREEL "CALL FL1O",18 CALL Prild
OM KEY 4 LAEEL "CALL F14",14 CALL Frild
OM KEY 5 LABEL "GSUE F1S", 15 GOSUE Friis
C=C+1
DISF " IN MAIW, COUMTER ="jiC

—

[ U R ST,
Do ]

ML SR ()

N
RN

LELEL =Y
[ ax ]

Ty
b

v MAIT .1
=] GOTO Sa

-~
[n]

Fr-ilS: !
FORE w=1 TO Z&
DISP “IM SUBROUTIME, FRIGHRITH 15"y
MARIT .1
HEST =

,_

L)
- =Y X 10
[ B oC I o B x|

—
[ax)

FETURH
EHI
|
I
!
SUE Frifl
FOR <=1 TO 24
DIzF "IM Subprogran, FRIODRITY S:tgd
MAIT .15
HE=T
SUEBEHD
]
SUE Frila
OH KEY 4 LAEBEL "#+xxzx%s" 1 CALL Frild
FOR ®=1 TO Z8
DIzp I Subprogram, FPEIORITY 1@: "4
WAIT .15
HE®T
SUEEMD
I
SUE Frilg
! Hote that z2lmsst any pricr it
OH EEY 8 LABEL "#ssxzxxan
O KEY 2 LA
FORE ==1 TO Z8
LISF " It =ub peogran, FRIDCEITY 1430 HES
WRIT .15
HEWT
SUEEND

A R O S
Do o R o Rt

LS Y
[x)

,_

[ax]
=

(]
XN

—
—
b}

1
1
1
1
1
1
1
1
1
1

Dax

=
) X
b it

—
LU AOU R )

-
[ax]

IS

-

=
—

EEL "*®x¥xrxxal

[ax]

—
DU kA )

A
DU

I

| SAYE "EEEF" Solution 12
COH EMOBR .5 GOSUE EBeeper

DISF "Mainm: "j3=

M4l

GOTD 2@

!
"

D0 PO e
D]

—
(AU R

E [ !
TEREBES CRHOER
IISP "Serwvice: "
BEEF %w#18,.:2
WAIT .2
FEETURH

M
m
143

AN

LY R Bt B SN SR | BN U 9
[ S o I S Y

)
5

EHD
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WE "MAIH" SO]U'HOFI 13 & 14

LOADSUE ALL FROM "EEYIZURS"

O KEY @ LABEL “CRLL PS",% CALL FPra3

OH EEY & LAEBEL “CALL F1é ", 18 CALL Fril@

OH EEY ¢4 LAEEL "CAHLL F14",14 CHLL Frild

OH KEY S LAEEL YGSUE F1SY,15 GOSUE Prald

C=C+1

DIsF " IM MAIH, COUHTER =";0

WARIT .1

GOTO Sa
|

)
q

ooyl
A

O

Lo Lo o [
b ho

jtl
o

-
(A A

L B S |
A

X

23 FrilS:

FOR #=1 TO 289

DISF “IM SUBRQUTIME, PRIORITY 15%i.
WAIT .1

HE=T

o
—
(I ]

el
o

FETURH
EHI

b s = e = L
[ I O R D
D ]

ig t STORE "KEWSUEZ"

198 <UUB Fri3

2B8 FOR w=1 TO Z4

i DIsF "IW Subprogram, FRIOGRITY S:"is
2 WRIT .15

HEWT
SIEEND
i
ZUE Frile
OH KEY 4 LABEL "#xxxsxsxxt 1 CALL Fril4d
FOR ==1 ToO Za
nrzp " Irn Subprogeram, PEIOEITY 181"
15 WAIT .15
216 HE®T
HE CLEEHD
|
SUE Frild
! Haote th
OH KEEY ©
ot EEY 2
FOF: =
nr=p " Iri zubprogram, FPRIOCEITY 134:7:5
WAIT .15
HE=T =
SUEBEMD

LR I S
[ o R R ]

o
5

##" 1 CALL Pri5
#",1 CALL Fri18

[y ERN )
MU A

[ I I o R

184
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| SAYE "GETLOADSUE" Solution 15

—_
b

VPut zome wvariablez in common 2o thew dorn't get clobbered bBu

m
—

!
COM <A O, Two

COM Three,Four
!

in COMX

i
n
-+
(0]
—_
w
fal
—
il
o
—
m
in
Y]
(]
El
-
=

' Mest assign =some walue

LR I x LT K | I < N (8]
ot IO I I o B R R X B v |

T
[y

DATHR 1,2,3,4,5,6
FEARD Orne, Tuo, Thres, FourFiue, =
|
!
FRINT "Estfor
CALL Sub_fir
!
!
FPRINT "After CALL Y, 0ne;TuwojThiressFouriFiues
!
!
DELSUE Sub_first
FRINT "After DELETE",OmejTwoiThresjFouriFivess
!
!
LORD=UE ALL FROM “SUER®
CALL Suwb_load
FEIHT "After LOARDIUE",One;TwoiThresjFouriFive;six
!
!
boMow GET a sub at End and execute mnext line
GET "GETZUE",End,Hext _1ine
Hewxt Tines P This line 12 executed next,
CALL =ub_get
FRINT "After GET ",0OnejTwosThresijFouriFiuve;Sin
EHD

By

LU
o

o

.

—
fax]

CALLY s Ones Twoy ThreeiFourgFive;Sis
N

L e

o
I o B )
I m

1 M
[ B ]

L

yu}
[ i e ]

I
N
DU
wl
.

T
USRI ROV I AR )

[

i BT I VR P O

[an )

[xx}

i
Dx}

)
[ax ]

)
A
o

[x}

'S T O (% T L0 I O I OO T OO L% ORI LSOO O T % T S e e e e N
=
[xn]

—
[xn}

T
[t B o T A

—
A

Erds SUE Sub _first
FRIMT "IM SUE Sub first"
SUEEHMD

—
BB

I RE-ZAME "GETZUR"
Erd: SUE Suh_gew

14
g

2 FRIMT "In ZUE Zub_get"

SUBEHD

"
[n

! RE-STORE "SUE"

End:ZUE Zub_load
FRIHT "In SUE Sub_load"
SUEENT

P OU P I OV
Do o B B
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SAYE "ASCII_WRT® D3-46

Mrites to "TEST" and read:z back in.
Thizs werszion 13 mor srbhanced tharm the one

&
o the s2lides. .. more Foom.

DN T SN I DA I

—
ax]

CREATE ASCII "TEST", 14
!
!

ASSIGH EBHame TO “"TEST®

PO e e R N N
o0 Poee

el OUTFUT EHame; "EL", “SUE"

—
[x]

QUTPUT ®Hame; "ALVIH"

o

ASSIGH @Hame TO "TEST®
EHTER @HamejA$, EF, 0F
FRIMT A$,EB$,0$

EHI

[ETRN T STy
-~
15

-

iy
R A

e
-

I SAYE "UFLDRATE" Solution 16

I This progeam dpdates the £ile "0OLD_DRTAR"
DIM A$LEB]
I CTreate the deztination 11

CREATE ASCIT “HEW_DATA", 18

A

P =
12

D]

Lot
L
T

[
—
o

il 4

fan]

@214 TO O "OLD _DATA"
IGH EHew TO "HEW DATAY

0
[ax]

1]
-
[ux}

o

FOR I=1 To zZ@
EMTER BO1d;AF IR
SELECT RA¥
CHSE "MIZIz:
Af="MIZ!
FRINT Af; THECZ@3; 1
CHSE "HABRAZER" I Check for update
A¥="HEEFAZKR"
FRINT A$;TAECZ@: ;I
CHESE ELSE
EHD SELECT
|
DUTFUT EHew; AT ' Wreite the updated data
HE=T 1

,_

fux]
oy

[ix)

ad the data item

fx)}

]
bl

—
AU

IFFI" boCheck for oupdate
SIFFIY

bt

—
Pl

bn]

—
LA R

-
T 1

O O O I e e e e e i e Y )

S SN B e N AT £ (S S PR I U B

oL
oo T

!

| ASCHN SRS CU RS S OV LA

[ a IS I}

D]
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SAYE "WRITE SIH™ Solution 17
LEG | Set degrees
OH ERROR GOTO S8 |
CREATE EDAT "SIMDATT,1,:
OFF ERROR
|
ASSIGH BFipe TO “"SIHDAT®
OFTION EASE 1
DIM Yeltzol@g:
|
|

Dax)

=13
I caze file exiztz...
5]

—
[xx]

K

-
LA

[ux]
]

J T O G R
Doy I o B x|
)

DY X A

-

LU LR ML A
"
[uxd

1

—
[

5 CALL Computeddoltzixin

R
=

X
o)

CDUTFUT BFRipesboltzis:

RSSIGH @Pipe TO +

EHD

!

!

SUE ComputedRrran ]

P Compute 188 walue:

' Rezultsz go to Are:
I=1 ! I iz the 18¢

FEFEHT

J TN ) o
D O o)

oo,
-
fun )

o
[ux

— L0
fax]

oAl
(o] w I,u
12
-
—
m
u
o1
-+
ju
in
-
—_
T,

w
+
]

Counter

I= IFl
UHTIL Ix1848
SUEBEND

[ L CRU T O N OO T OO T OO OB I OO T D T (O i e e S e e e e L

Exercise 18

5|

ZAYE "ELD_DATAR"

i
[ux]

o
o

OFTION
DIM AF:
i

|

DATA MISISZIFFI,H
DATA OREGOH,MISIE
DATA MISISSIPFI, HABEASKA
DATA HEW YORE,FLORIDA

I

!

X
()

O
DU U o

-
!

O O da 0 3o

SCOLORADD, CREGOM, KAMSAS,, MISSOURI, OHIO
. MFTH DAREDTH, TH DAECGTH, b MIMG, HEVRIA
s HEERRZEHR SEIFPI, PEMMSYLYANIA, VIRGIMIA

o0 =

—
fax]

i
i
1

,_
D
=
N

DT
oIS

g
AR

DISF "Preparing Data®
FOR I=1 T0O za
FEAD HA$CIx
HEST I

SRR | I SN I (I -
D)

[an}
DU

va !
2E DISPF "Loadirg zubprogramn”

]
]

—

LOADSUE ALL FREOM “"WRITEEDAT"
DISF "Callirg subprogeam!

5] CALL MWrite_datacA$Eos)

B EHD

[ OO (8 T e o e e T s
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Solution 18

.,_
A

STORE "writebdan®

— 3
DOURUOURE A

SUE Mrite davaiData$osid

L1 S O
oo

OFTION EBAZE 1

-4 I
=

,_,_
[

[

egment  attempts Lo

]

o Thiz : :
DISF "Zetting wup data §
oM ERREOR SOTOD 1248
FURGE "EDRT_DATH"
CREATE EDAT “EDAT_LATH", 24,25
OFF ERERGE

Doyl ]
—_
=
—_
—+
T
—+,
—
m

D
4

-
Dt I )

Lot

it

Ty
ol
A

Thiz zegment writes the datza 1o the £11
DISF "Writing data to f£11e"

AESIGH @Fipe TO “"EDAT _DATA"

FOrR I=1 T 2V
QUTPUT P
FEIMT I,0a

T

2

4]

— e b b s b b e e b= A0
[ 1 S SN I SR

T T T T

—
!

e, IjData$fcl:
¥l

— a0 D0 )
o r

F
1.

Fd R

S HE=T 1

I ASSIGH BFipe TO =
246

250 SUEREHTD
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SAYE "RAND_UFDT" Solution 19

OFTION BARASE 1
DIM AEczarlzal
!

I

T " BX i I
LB AR A R

—
LU R ]

DISF "Reading Data"
FRIMNT "Record";TAEC1@I;"Item”
ASSIGH @Fipe TO "EDAT _DATAH"
FOR I=1 TDO 28
EHMTER BFipe,I;
FRIMT I;THEC1A
HE=T 1
I
CALL Update AFC#),BFipel
EHD
!
|
|
SUE UpdateiDatafixr BFile
COFTIOW BRSE 1

AR

.._

[ux}
J
[AU k)

AFcIo
SiAECDY

AR
LU R ROUR ot )

AR

o
A

5
[ B U ORI

-
]

I This zegment updates the filse,
LOOF
IHFUT "Record rumber to updats? OB when dome ", Hum
EAIT IF Hum=8
IMFUT "Enter the rew item: ", Dataf CHumd

I Write the new data tao the file
DISP “Mriting data to file”
DUTRUT BFile,Mumy Dat afoHum?
FEIWMT Hum,Data®cHum?
IMFUT "Hext record number to update?
EMD LOOF
ASSIGH EFile TO =

- .~
DU RO o I U i ]

PRI TR N N N OV T OV R I O L5 T O T O I (O e e o i B i Y W Rt 0 ) (R o P | O ]
- R I I S [ ST 1 I S R I LA
DI

]

whien done ", Mam

SRR
RIUNE AU A

11
-
Doy ]

(O TS BTN I S I

-1
Don ]

SUEREMD
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,,4
3]

GAVE CTRAF_ENT®

._
b

L pl

o e e e
Dot B B oy B A

CFTION
DIm
!
!

EASE 1
HECZE[20]

xR

FRRASTILA N Y

LIzF
FEIMT "RFecord®
HEZIGH BRI e Tu

EHMD ®Fipe GOTO
I=1

oo

[un}

s THE
YET
Zot

o
5

=

[t

—
[

LOoF
EMTER @
FRIMT I;
I=I+1
Loap

F

FLE

Fact I oy T o B N )

%,

EHI
!

T
Pl

Comt irndes CHL L

EHT
!
!
!
SR L 3] dat e I
CQFTION EAS

Updat

(IS WO WL N e S 3 S U P T OO T v}
o

PO —
[N A

— e
[hUI N )

afixd B
1

at
E

..
foii

S gment.

ol

Thiz
LOoF
IHFUT "Reooed
ESIT IF Hum=n
IMFUT "Ernter t

RIS B = R U B
XX

dpdat e

-
Do)

O

[nj

SO S T OO OB LRV OO T (T O TN U TR O (0 T L3 TR e SO SO S G U P U Y

—
[ ]

2

| Hrite the dat a
DISF "MWriting
CUTFUIT @EF11e,H
FEINT MHum,Data
LO0F
AZSIGH

Fie it

— -
JOURNE ROV R MU % B )

EHD

[l

BF11e

S
[

SIUEBEHD

—
xX]

SRYE "SFEED"
OFTIGOH EBASE 1

Thiz Frog demo 5 &
ar EOF at the end o
Al=zo, FORMAT OHSOFF

iy

DI L]

T
Doy I R I ]

fan]

able Fazsmn
T e
1w. It 1=
i

[ B
AR}

Dol

ODIM Arrasd 1200
IMTEGER Faszs

-
[ix}

Frm

e
D)

1,

IF Fazz rmum=0 THEN

LA | IS O UL D Il

I
Loop _again: !

FEINT "Humbese

[N A N |
DA R I RN ]

[l
—
-
1]

lToop =2tz up

]

ST DT S T = S S S S S S Sy S T S S L |
T T

s

THEH
"Zettaing

azz _num=1
DISE

Lo

i IiAEC
TAEC 1@ ;

data to

"3FPazz

"Feadirg Data

Ty Item"
HT_DRATH"
tirue

S

R XX EX P FEFF L 5%

P ¥ FEI XL+ 88+ ¥ %%
I

e FELE  EBEP T pe

Files

= the

ti1le.

ridmber o update™ 04

Mg rmew tteme "

the file
file®
Wiy Dat a& CHum
FobMams

T

T *

(NI I ¥ S e
5 “HUM_UHT“_

~ated,

EBOAT +i1¢
t data 11
1= 11 Tust

T

im indicates
o armd oo T g R A
[ G BN R I A3

LA T

dizo,

sk

Dat a® o Homo

Solution 20

does oY Hidne

Solution 21



T e
[ax]

— -
U LN KRN |

o T T T T

Do xR o B B o R v

LU UV SR S CUI (R (4]

b0 O g D0 o
v

R S LU B I 0 B S AR O T I U0 B S o BT N X S s R o D PO DD 00—
RN X 2K Ty 1] o3 AN RN
T o T T T e
LU OURE o B ot B AoV APt T o T T MU AU B o B U oo B o B O o T O S o O o ot O o o O oo T ot B o I X

—
[ n ]

=]

—
PAOUR R

—
!

—
=

4
c

Ta

AR SR S ) LRI S T R R, R R R, B R B B T i e S R U GO S RN A I P T P o PR P 0

BB
5|

Doy I RO )

Ty i
[ I n |

-
LAOURE bt I A

oo

N
)

—
LU W B At I Y

i 05

O ERROE
FURGE "HL
OFF ERROFR

CREATE EIA

EHD IF

IF Fazz rum
ASSIGH
FREIMT "
ELZE
ASZIGH
FRIMT "
EHD IF
COMTROL

BF
BF

BFi
!
!
IF Fazz num=1
DISF "Caleul
FOR I=1 T
Arrawi]
HERT 1
EHD IF
'
I
SELECT FPazz_n
CASE 3,4
COHTROL ®F
FREINT "Maow
I Reg
I at

EMD SELECT

DISF "MWritin
TE=TIMELATE
IF Paz=z
FRIH
OUTF
ELSE
FRIH

FOR
ol
HE=T
EHMD IF
STATUS @
FEINT "T
RZZIGH @
[
|
T1=TIMEDAT
EEEF LEHHA.ﬁ
DIsF
FRIMT
EEEF
Fazsz

FRINT
=1

"Dz

_mdm

hE =6

SGOTO 2748
M IOAT"

T "HURM_DAT",1,2686806

FORMAT OM-0FF

f=4 THEM

ipe TO
FORMAT

"HUM_
aH

DAT"; FORMAT

ipe TO IRT"; FORMAT

FORMAT

"HLM_
OFF "
'Set EOF tao

.l

THEH
ating
1288

o KPR

r=RHLx 18-

..I|

dat s 1tems

SORMIELE D

Lim

ipe,Til, 2ROE0
r—uj EllF‘ too o—_—r||j
7 O ipe
""" bte

ot file”
prid t=
of

at
the

g data to disc"
MoD =1 THEH !
T "Outputting entire

UT ®BFipe, ljArtawiss,
T "Outputting
=1 TO 124

TRUT EFipe; Areawd
I

Fipe, a3l
otal b Lt
Fipe TO =

=z on data

Transfer Time ="

22 _hdm+ 1

THEHW GCOTO Laoop

_Aagain

191

b LT

EOF
MM

I
ET

s OROUMDGT

CIH
CFF

# 1

LAHT

t1E

=il

mar

k

HDDW

PR

A w]

Tong



SAVE “READ_SIH®
OH ERROR GOTO
OFTION EASE 1
DIM Woltzol@nd

—
%)

TRIN O
D]

—
M AR

U

dizec file
EFipes TO
BFipestolns
EBFipe TO #

s
DR B A}

SRR B AN]

P T

CRET
R pe TO 1
EFipeyholt:

brite to
HZZITGH
OUTRUT

[}

N

Froanter
EFips TO 7
BFipeivalt

Mrate 1o
RS TGH
DUTFUT
STOF

e
[ A T A I e )

iU U xR B ) B GO L i ]
=) i

Froblem: BEEEF
FEINT "Yau probabla
FRIMT
EHII

SR NI L T L T S S e O i L It B & LT 1 BN SO 4

— R
oo T T

fua
A
(]

SAYE “IMG_EMFLZ"

o
LR

T
LU

Thiz "program"
cf u=ing ITMAGE

AR

SR S | B SRS

=1
AR

IMAGE 1Baczel. oD
DUTFUT 1 UEIHG

| Mote ei1ther Commas

=
M

oo 0T

.,_.,_..
AU R R A

L THG

FRIMT
Tmagel:
l Hote th

3
! referred

iy
[

IMAGE
t the IMAGE

o R 1ine

LT I S
S T T

Imaged=", kX
OUTFUT 1 LSTHG
K Hote that a ztring
SN to haold the
‘ Mot e

e
[t

—

Tinage
that the
t e

L e T T ) 0]

alzo

B G L T O T e e e e e e e e Y

contarm o
all lTiks

g | at

=58 EMD

Froob 1 em

"EIHDATY

D]

- N

with T

THl, 2, T,

2

T

Imagelie,

1 -
! '.I-‘ ;

o+

w
LU 1]
— M

o

it

;II. ;DE‘ Eal
1[’|-|.3|;-]E~$; i \ L-_'_, =

TWAagE

1e2.3,4,

Jigzt

dide Tt
"REurn pragean WEITE S

(1O 1]

var iab e
specificationz.
dat a was foroed

Iy
-

R

‘nt Ccan b

-

a

w
M o

11

LR

oAl

et S

CREE
s fiie

or
o

met bods

T T

canvubiere,

4,5

oA

doe=

=

b yze

T

1ok

192
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S

SAVE
FRIMT
FRINT
FRINT
FREIHT
FRINT
FRINT
FRIMT
FRINT
FRINT
FRINT
FRIMT
FRIMT
FRINT
FRINT
FRINT
FRINT
FRIMT
FRINT
FRINT
FRINT
FRIMT
FRIMT
FEIHT
FRIMT
FRIMT
FRIMT
FRINT
FEINT
FRINT
FRINT
FRIMT
FRINT
FRINT
FRIMNT
FRIMT
FRIMT
FRINT
FRINT
FRINT
I
FRINT
FREIMT
FRIMT
FRIHT
FREINT
FRINT
FRIMT
FRIMT
FRINT
FEIMT
FRINT
8 FREINT
48 FPRINT
SH FRINMT
68 FPRIMT
v FRIMT
£
=]

5]
1

D B ot I o I w

o

I

3

.,_ ,._..
AU AU I MU A
S —
AU R R R

—
[acx B ]

TE T
LU A

T RS B N, B VU SR,
D I o B B e ]

=
]

1
4
)
e
1
1
1
1
1
1
1
1
1
1

.
[n

-
DU AU RN

[

i

i
AR

N
Lt R

g o
LU B U U 0 AU X}

-
PACUI L )

4
4
4
4
4
4
4
4
4
4

]
1
4
5
£
-
&
E
]
1

-
[an )

—
[xn}

—
[ AN

—
ol

268 PRINT
2B IMAGE
B FRIMT
B PRIMT
5}
A

0y Ty Ty A AN an RO On

FRIWHT
FRIMT
FRIMT

"HEPECIFIERES" D4-26
Pexx Digit cec1fier el
"Humber=1234: IMAGE 92”,
WEIMG "22"i12324

"Humber=1234: IMRGE
WEIMG "20"; 1234

Yeax Radix smamples:
IMAGE
1234

IMAGE 4D.

"Humber=1224d:
40"

42,400,
HEIHG "42.
"Humber=1.
s IHG "4D.

" (ot ice

2o,

2Dyl
roourd g

i

IIE 1l .

"axx Emporent emamplesz:
“Humber=1234: IMAGE ZD.
s IMG "20.DE"; 1224
"Humber=1224: IMAGE
USIHG "2D,.DESZ"; 1224
"Mumber=12334: IMAGE 40I.
DEIMG "4D.DESE ;1224
”Humber=1234 IHHGE
HSIWG "z2D. I

" CEotice

0. 0EZZE",
LEZZ",
CD.DEL::Z”,
ruund1ng;"

Sz,

camp ) &=

"HMumbet —-1...-_'4 ‘[HHGE
JEIHG "S2D.DE"; 1234
"Humber=1224: ITMAGE
DSING "MzD.DE"; 1234
"Humber=-1224: IMAGE
HEIHG "MzD.DE"§-12324

DE b .

MzD. DE",

MzD. DE",

"exs Binary ="
"Humber=s= 94,1 -
ESIMHG "E"32d, 126
"Humber= 2av
LSTHG "W 1e
"Humber= 12
HESTHG

:Lrlf les

IMAGE EB,E",

TMAGE W",

ormfesdr: IMAGE EB",

“E“;l":

"EEx

"String=
"IMAGE 2A ",
HSIHG "2A";
" Dot s trunuatianﬁ

et

H

"Strings CTtext ot
"IMAGE Z&AR",TAEC
USIHG "2HA";"text teut"

"String=
"TMAGE 4A,7 .
LUSIHG "4R, VR, 4A0";

TCT W

gut !y Ttent !

"Mumber= 1.2
VS IHG
S IHG
"Wolts=", 2k,

::'::“;“IMHGE “,3'4 ""'I'IT‘_”RIB-#,"

1
-
=
.
)
=

"s#¥% Recaord contraol examples:
"SEMD E0L: Humbers== 123,04, S.E7
"IMAGE 4D.20,27,40.20 "y |
USIHG "4D.20,27,4D. 203123,

PO (N

oY



5 FRINT
ol FREINT
VR FRINT
£SE FRINT
EYE O PRINT
VEG PRIMT
T8 PRINT
VEB PREINT
VIB O PRINT
7348 PRINT
VIR OFRINT
ved EHD

1E! SHVE
| OFT
K nin

E3s] IATAH
A IIRTH
£

Ve FOF

2R FEAD
e HE=T
186 Images
118 OQUTF
128 EHD

"SUFFRES
"Humberz
"MHiumber1
"Humber 2

USIHG “#,
USIHG "I,

"Form-—fe
WZIHG "

"REF _FRCC

I0H EAS
Atz

1,2,

21,2

I=1 70O
ST ST
I
f = n -._n . S

Tt us

=

2D, AT, 1N,
THG

nom
fam]
AN

Humber 1=

"R )

D20, 3123

S L i =

=il

i

IMAGE @"

DATA 41,442,472, 44,
43

ERSR UM 3 I
Tmaged;Herra s

Lozagr

D4-28

Solution 23

15

SAYE "ZIH
OH EREOR
OFTIOH EARSE 1
DIM Tﬁ]T"I_BJ

Itragel:

Irraged:

|

IMAGE"
GOTO Froblem P Tust in Caze. ..

S g

—
o

[en

=

D]

|
I

O =) T N e 0 P e
= =

Do

file
T MSIHDATY

ad fream disc
ZSIGH EBFipe
HTER EFipe;Volts
AZSIGH EFipe TO *

T
[ax]
ITI Il m

D]
—+

L%

—
ot

(R

o
ol

I

Fbrite to
A== IGH
OLUTRUT

CRT
BRI e
BF e

T 1
LIS THIG

FRUALIT R =S N OO T )
Doy}

Mol s e

Imagels

|

FWrite to
AZSIGH
DLUTRLUT
STOR

4
Do

R

Froimter
BFype TO FAL
BFipe USING Insgel;ivoltzis

- o
oo

[T OO T (0 T S Y Sy SV Sy S SO AU O PO U Y
oy
I T

LI Y )

fux]

Froblems EEEF
FEINT "WVaou prooable didns
FREINT "Fun [ 11| HPITE_
EHD

SIHDAT.
the file,"

file
Eild

L)
[ RN]

tooreate

SIN o

for for foy

Ty
il
xx
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,_
hx]

fun]

-
hx]

[ Y N I LT
[in]

-
(A )

Ty
=

R

,_
[

I3 I T S
[ I n )

- -
LML RN

-
DOURR R

.._

D)
—

)

[x]

fling
fux)

-
[xn}

et e i € B 5 RS 2 s
X

S L PO
A

A
P

.,_
[xn]

i
DU e

—
o

!

!

LA TR B R LR
[}

-
hax

L]

—
fux]

o~
Dax]

-
=

—
LAURN U

—
)

—
i

et o i S T WY |
XN

L) SO L 1)

SAVE “KED_OUT"

DIM AFLSA]

OUTRUT 2 USIHG "#,kE":;"Edit and add to this
EHTER Z2:;A%

FREIHT A%

EMI

SAVE "RERD_CAHT"
DIM AFLSH]
DUTFUT & IS IHG
QUTFUT & USIHG
FEFEART
' Read the dizplaw and
FEIHT THE=WC1,1

EHTER 1:A%
Count=Count+1
DISF A#
QUTFRUT 2 UJsIHG "#, "y E-" 1Scroll down.
MAIT .15

UHTIL Count=£8

EHD

[l
“a

TExecute CHT
PPush top of form.

croll down one line.

et read position.
=

ad the zcreen.

SAVE "OH_KEDY
DIM Kewsl2nl
COMTROL 2,732
OH ERREORE GOTD @
I
OH KED ALL GOSUE Kewsuc
Fewg=" "
Main: I=1+1
DISP I,kEevd, HUMCEewELL]D
GOTO Maimn
]
| =R RV EewE=EEDF
IF Kewug="
FETURH

" THEH =TOF

EHD
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SAVE "IMSTRUMEHT" Solution 25
OH ERFORE GOTO Fraoblem bodidst dim case. ..
OFTION EASE 1
DIM Yaltso1l@a:

—
A

Ly

AL S SN PR L
AN KA

a o
g

KAl
—
-

+ted limes to rea
IGH EFeomdum TO FES

[

ISR EENI )

=

0 b

T I

JIGH BETadum T 7E°
OUTHFUT @Taodunmy"F1 EF
FOrR I=1 T0O 1&6

EMTER EFromdumiWoltsol.
HE=T 1

g D]
— e
AR R o o R B wn

-,_
T

Wedte to dizc fale

ASSTIGH BFipe TO "SIHDAT®

OUTHFUT @Fipegdoltzoxd | Fewrite to £ile.
AZSTGH BFipe To *

I O I e e e e S e i S o BN R B |
[N RN B ST 3 B ORI B A S
P I I o v |
AU AU ROUR

na
L
D)

Mrite to CRET
RS IGH BFRipe TO 1
|:| ] T F' U T @ Fl i FreE sy Waolt=io®n

T
L

'+
MU

Mrite to Printer
HZ=IGH @Pip& TO 7
CUTFUT BFipes;Wolt
STOF

oo

o
o
e

Daxd

Froblem: EEEF
FEIMT "%You mayw have a problem with the inztrumsnt .
FRINT "Error Huamber ™, EFEREH
EHT

bOSAVE "SRDOSWOY Solution 26

OH IMTR 7 GOSUE Srgzuc
EMHAELE IHTR V32 ' Enable SEO interrupts
I
f
RESNAH ODISF I
I=I+1
GOTO Main

1a
20

[ U e

<L L e G001 G5
DR x )

=
S

-
e
O

KA

SrgEwo Dew =t
5 FREIMT "Status
FETIREH

DU
o
1
s
M
o+
=
-
=
M
Ci
.
=
m
in
.
'y
-
pl
[}

— s e
fra -
v
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I I I BT B R e
DU it BRUAURR ML L IEAOY I o B ]

-
(AU U )

-
TS

—
Dt KU b

ol

Lo RN T o TS [ n LI £ B R T (% T o oo I it
[acr N, L]

| S O N I R Y I RN [ A B RPN O Y
o

5

[L R I RS
oo o

N
[x]

3]

-
)

5

A
hax

o

S
Dot e ]

[ ]

LELIN % S TR DA 5T (S (N O O &

! R}
-
AU RN

fax]

SO
L I n ST | I N

o1 1
Do U o I Aot B oy o N |

[co I 3 I x }

BRI N A B R R A R R B o B )

DL R ST R ST 0 LY SRR R4 B L ) B U S s | ) B CR S R R R A GO U G GO O I 1)
D}

Y R I L S U I R T » S+ S S R OO T ot T R I o O 3 S O T (0 T |

T

SAVE "POTFOURRET™
oM KEY 1 LAEEL "GSE FP1IY,1
oM EEY & LAEBEL "GSE PIY,E
OH KEY 3 LAEEL "GSE F3', 3

SLOSUE

Fril

AN (]

oM EEY 1% LABEL "REORT",15 RECOWER Frils

OH ERROE RECOVER FrilS
OM EWOE 1,4 CALL Enobswe
OH IMTR 7,15 CALL Seqgswc
EHAELE IMTR V32
|
I

Mair: C=C+1
DISF " IHM MAIH,
WAIT .1
CALL Hest ol
GOTO Main
I

FritS: !

FOR w=1 T 5S¢

(5]

COUHTER =";

8

als
IISF "RECOWERED to Main"j:

HE=®T
GI2TO Main
f
!
Frils FOR I=1 TO S84
DIzF "AT FRIORITY
HE®T I
REETURH
|
FOR I=1 TO SB8&
DIZF “AT PRIOGEITY
HE®T 1
RETLURH
I
Fri3: FOR =1 T0O
LIZF "HT FE
HE®T 1
FETLEH

Friz:

5@
TORITY

EHI
[
!
SUE Srgsue
FOR #=1 TO S8&
DIzZF "IH Subprogram,
HE®T
SUBEMD
!

|

SUE Enobzus
DISAELE
FORE ==1 TO SaAc
DIZP "IH knob:
HE=T
EHAELE

SUBEMD

I

!

SUE Hezt iHeszt
LISF "Mezting 1
ALLOCATE Tempd 1AG:
Hezt=Hezt +1
MAIT 5
CALL Hezt(He

SUEEHT

=
o

LI

Dax(]
N

t

n

ewvel " He

I

1“,1

20,1

FRIORITY 15:";u

Ay interrupts disabied!,
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T
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"
L

-
A

-
1

1
A

i

SREYE
DEG
GIMIT

GRAFHICS

|'=
Fi=48
RIWES
FOF
IEAN
HE=T 1
EHI

SHYE
LEG
GIMIT
GREAFHI
MOVE &
FOF #=
IEAK
HE=T
EHD

S3VE
DEG
GIMIT

GREAFHICES
VIEWFORT

SOsUE

YIEWFORT

SOSUE

VIEWFORT
SOSUE 1248
WIEWFPORET
13

Sz UE
TR
WIHDOOW
FREAME
MOWE &
FiR
IREAK
HE=T ®
FETIIRH
EHD

1aa

128

"CIRCLE®

i

TEIH_1"

= Ly THRESIMOTL

"FOURE _=IH®
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I SAVE “FOUR_SIHL® D5-15

DEG

GIHIT

GRAFHICS 0OH

VIEWFORT B,c8,8,45
SCOSUE 128

WIEWPORT o5 ,128,8,45
GOSUE 1356

VIEWFOET 8,08, 55, 196
COSUE 1Z2a

WIEWPORT 2o, 188,28, 28
GOZUE 138

STOP

WIMDOW 8, Ze8,-1.5,1.5
FRAME
MOWE
FOR
OREAW =,
HE®T =
RETURH
EHD

=T T
LU}

L W L R
Dl an )

XIS B 1 4
DUt

1O
—
= Ia

—
JOUNE KN

N B Q) o=
Dot s B e ]

Ty L

Tl = = = = . e b e e
[ |
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Solution 29

SAVE "EGGR"
TES
GIMIT
GEAFHICS OH
WIMDOW @, 1868, 8, 10

00 D0 R e
D )

n
o

i

n

D]

pcn}
i

Hon
m S 5l

R=
MY
FOR ;
DRAW H+R#CO5S0
MEXT 1

EHI

=3
oo I

i
=

—_ =
[uw]

[}
DX )

—
o
(X

D5-20
SHYE "LIMES"
GIHIT
GRAFHICE 0OH
CSIZE 4

[ DU
MURR

U o T o0 I e

oa
[xx]

i H=d4,5 ' Fudge factor for zhrinking frames,
£ !

Vi I Step throuwgh 18 1ine tupe s

S FOR L _twpe=18 TO 1 ZTEPFP -1

W
[ I

LIME TWFE L twpe, 18

|

WIEWFORT L_twpesH, 133-L_tupesH, L tupesH, 188-L_tupesH
FREAME -

IMOVE 1 . 5] I Scoot the ] abel cuer a bit .

LIME TYFE 1 ! =e
LAEEL "LIHE TYFE "iL_twpe
HE®T L_type

i

EMD

...

L}
-

ax]

-
Lt

1

MRS LN
T
DU AU A

1
[xx}

Xt B b
—
(R N

o0 o0 -

- b e et b e i s
[ B N P O
facn]

o
[x]
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Solution 30

15
N
I

WE O "SIW LIME"
LEG h
GIMIT
GRAFHICS OH

I

WIEWFORT E
L tupe=1
Rt =5
SCOSUE 2348
|

[ TS S W O O
oUIE Ao I U

g
T

ol

i
-
0y
ol

(X
Ja
n

o
fan ]

N
L

1

.,..

o
ey

[

8 VIEMPORT £5,1360,0,45

v
5!

L_._
Fpt==2
Go=lE Z9n
1

VIEWFORT @, 0,55, 108

L tupe=2

Fpt=11

GOSUE 296

!

VIEWPORT &5,128,55, 1494
L _tvpe=3

U

o

[n I B SR LR
b

-
[t IR

-
AR RA]

[ |

-
oo

O S S = = S Uy S s S
XN

[ O £
—
)

0T T S

2 Rt =3

s Nt GOSUE 2398

208 !

ZEd STOF

e !

ZEm !

=9E WIHDOW &, 2ed,-1.5,1.5
e LIHNE TYFE 1

1a FRAME

Iza MOYE &, 6

Ec ] LINE TH%FE L_!wpe,Rﬂn
48 !

Z5a FOR W=8 TO Zc@

TER DFEAK IH e

TR HE=T =

=g FRETLEH

=t EHT

SAVE "SEMILOGY D5-25
GIHIT
GCLEAFRE
GREAFHICE OH
1R unts F 5
WIMDOW G,18,8,3
GRID 1,48
boStep Wi v oasrs bw LOT unmats
Yo ge Yo laimes e oers GREID =
oYau g o limes cwerw GREID
FOF H=1 N
GRID @, 1,8, L0ToH
HE=T H
EHT

DT CO R D
(U ot U AU B AN A

R s

w
Igi

-
1
il
1

-
o,

U A

!

mto.
Tt

)

Ca
oI I
e

b

e i Y & I X BN I B 'Y
=

I U P T O T i
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—
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T
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Solution 31

SAHVE "LogLbogt
GIMIT
GCLERAFR
GRAFHICS 0OH
WINDOW &,4,8,3
FOR H=1 TO %
GRID 1,1,LGToHY LGTOH
MEST H
EHL

T

| SAYE “LAEBELS" B5-27
GCLERE
GIHIT
GRAFHILC
MIHDOW
H&ES 1,
MOVE 2,5

LAEBEL "Graph Title"
FOR ==8 TO 5

MOVE i, 6
LAEEL =
MEXT
FOR =8 TO S
MOYE 8,%
LREEL %
HEXT
ALFHA 0DFF
FRUSE

EMD

— T

X
1Lt

MR A R I A B Y
oD E @

SAYE "LAEELS1" Solution 32
GCLERAR
GIMIT
GRAFHICS OH
MIWDOW -1,5%.5,-1,5.5
AXES 1,1
MOYE 2,5
LAEBEL "Grapkh Title"

LORG &
FOR W= T 5
MIOYE .1

5} LAEEL

5] HE®T

1 LORG 2

&} FOR Y=@ TO 5
MOVE B

w T
LAEBEL
HE=T %
ALFHA 0OFF
FRUSE
EHD

-
(R N

AR
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SAVE “FLOT SIN®
O ERREOR GOTO Fraoblem dust i
OQFTION EBRSE 1

~—,
—
)

oo Lo
[yl

5 ODIM Yoltzdolam)
S !
S
7 b Read from dizoc tile

SZSIGH @Fipe TO "SIHDAT®
ATER BFipeitolts
S IGH BRipe TO o+

LL Flot _=sincbolts o, 1o

LISE

Dy

RSk
DROU RN AU R

-
il

o

P I fm In

I I

DAL A

-

ot

ob e EEEF

FRINT “Wou probably dide’t
5] FRINT "Run peogeam WEITE =SIH to b
& STOF -

1 EHD

|-

— = = e = O

o

Cireat e

[LNTRUN I S U L
A}
-

—

B SUE P]Dt_i\ﬁﬁﬂatf+ﬁ,Hﬁ

[5) LCLEAR o Initialize
1 HLFHRA OFF

GIHIT

GEAFHICS 4

MIMDOW -28, 1160, -12,12

|

I N I e e

L RO A B N Bt B |

i
EL
i
"
il
1T

-

! Traw as
CLIF @&,118,~
ASES la,1,8,.4d
CLIF OFF

LAY

b T
-
R

, 16

!
! Groapk Vabe!
MOVE 4&,18
LABEL "Zimn Haw
t
i

1=

Data®

o
o
i

[ax]

—
it
o
4]
w
15

[N TR T R S BN

AN
-n

i

i
Tt
Do
- )
et

—

m

T

o

oo
T M T T
T M T
- -

LORG &
For v=-18 T0O 1A
i I

DY I B SRR B GRS I DN
Dot IR I U I o B i B e
m
=
I
i s
m m
-
DO

Di-aw H data points
MOVE 8,8

FORE I=1 TO H

5| ORAMW I,Tat: I

5] HE=T 1
g5 !

=S SUEESIT
SLUBEMD

[
I I
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tile
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[5x]

SAYWE “"ROTATE" D5-34

g the plotting spacs

,_
KU L)
L

oo
=t
m
]

GRAFHICE OH
ALFHA GOFF

-
[ax]

i A=SIHOaR)£20
& SHOM @,58,08,65

LS i Bt S | B AR T ORI
Dl

I
MOYWE 15,2
IMOVE 14,
Fen=1
!
!
LaoofF i Forewer

Arale=Angle+s

FIYOT Angle

CALL TriamgledFenyH2 I Draw

_ ,. ,....' .,_.F
2 BN T | IS S LA o ot B ot

— T T T T T e T

DAoL B MU MU U U i OU I At}

[N W v x]
)

-
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Fen=-Fe&n
CALL TriangleiFern
Feti=-Fen

EHDI LOOF

|

EHD

!

!

SUE Triamgledl, A2
FEM I

HERCZ2LG U Approsimate iy the center. ..

1o
-

L O T T O T e e e i e i = T
i)
-
W
I
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o

DI I
Do I X

-~} i
[l

Py
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|
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A

IMOVE
IDREAK
IDREAM
ITREAN
IMOVE
SUEBEND

Dan}
I

b Mowe to o angle
boTiraw to angles
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!
t
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Traw to angle
Moise back to Cen
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SAVE “FIE CHART" SoTution 34
COM Cur_deg, =, 7, Fadiu:

(v}
-
]
Us]
H

[ax]

i
[N
nj

wi1E o tocation of Ccircle center.,

[ U T ORI

=0 DY oaxts: Tocation of circle Ccenter,
OH EREOR GOTO Tione
GFAFHICS OH

GIHIT

CCLERE

DEG

|

|

! et Circle radius
IRTAR Za

FERD FRadiusz

|

n
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H
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b bt ke 100
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5
DU AL SRUOUR U
o

D)

pb e
LLATRUN) B S R L O
=

Do}

I Fercent ottt
DATH 25,159,148, 26
|
LIIF
FEAD Fercent
CHLL CirclsiF
EMD LOOF
done: EMID
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GSUE Circlecko
COM Cur deg, i, v,k
MOYE &Y
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FOR I=Cur deg TO Cur aesg+ F#3g
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SAYE "ERE_METER"

GINIT
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