








10 DEFINT A-Z:0PTION BASE 1:P=(:1=0:J=0:
DIM ARRAY(3)

20 DATA &H55 :REM 55H Push BP
30 DATA &HCD, &HO@5 :REM CD@5H INT 5
40 DATA &H5D :REM 5DH POP BP
50 DATA &HCB :REM CBH RET FAR
60 :REM 90H NOP

70 P=VARPTR(ARRAY(1)):FOR I=0 TO 4:READ J:
POKE(P+1),J:NEXT I
80 PRINT "This is an example of how "
9@ PRINT "a BASIC routine can cause "
100 PRINT “a hard copy to be dumped "
110 PRINT “to a printer by using the
120 PRINT "shift-print screen function
130 PRINT "called via an assembly language “
140 PRINT "subroutine that is built into "
150 PRINT "a BASIC integer array"
160 SUBRT = VARPTR(ARRAY(1)): CALL SUBRT

POKE can be used to put data anywhere in memory.
To POKE this routine into another segment, line
70 would be:

DEF SEG = SEGMENT: FOR I=0 TO 4: READ J:
POKE(I,J): NEXT

Because the subroutine is placed in an area other than
BASIC’s data segment, there is no VARPTR reference
to obtain the offset of the subroutine.

BLOADing the Subroutine from a File

You use the BASIC BLOAD command to load a
memory image file directly into memory. The file can
be a memory image file that was saved using the
BASIC BSAVE command; or it can be an assembly
language subroutine that was assembled with a
BLOAD header, linked and converted to a .COM file
using EXE2BIN. See Disk Operating System (the



DOS manual) for information on EXE2BIN.
Assembly language subroutines can be BLOADed into
an integer array or beyond BASIC’s data segment.

Features

«  When a subroutine is loaded into BASIC’s data
segment, BASIC performs all memory
management. You are not responsible for the
integrity of your subroutine once it is under the
control of BASIC.

« By loading subroutines outside of BASIC’s data
segment it is possible to construct a program larger
than BASIC’s normal 64K limit.

Considerations

« An assembler is necessary in order to use this
method.

« For an assembly language subroutine to be
BLOADed into memory, it must appear to have
been created by BSAVE. This is done by including
a 7-byte BSAVE header that is linked as the first
segment of the subroutine. These 7 bytes function
as a loader that BLOAD looks at and then
discards. The beginning of your routine in memory
is the first byte following this header.

The example that follows shows how a subroutine is
BLOADed into an integer array within BASIC and
then is called from BASIC. The subroutine adds the
contents of the first and second parameters and puts
the results into the third parameter.

This also illustrates sell-relocating code. A
step-by-step explanation of the procedure lollows.
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1. Assemble and link your subroutine.

2. Convert the file to a .COM file via EXE2BIN.

3. From BASIC, dimension an integer array to the
size needed. (Remember, size of the array
subscript is 1/2 the number of bytes in your
subroutine.)

4. Declare all scalars used in your application. This
includes any parameters you may pass on through
the CALL statement.

5. Obtain the offset of the array within BASIC’s data
space using the VARPTR function.

6. BLOAD the subroutine into the array.

7. Call the subroutine with this offset.

A Sample Subroutine

The function of this subroutine is to add the contents
of the first and second parameters and put the results
into the third parameter. It shows a unique way to
pass parameters to a subroutine that is located inside
an integer array. Parameters are passed by storing
them as elements of an array into which the subroutine
has been BLOADed.

The comments inserted in the program listing are
intended to help you understand the most important
points of the operation and structure of this
subroutine. A more detailed analysis follows the
listing.



AAAR

AARA

HEADER
SUBRT

W we e e

éASE;
WORKA

WORKE

HORKC
SKIP:

SUBRT

TRAILER

SEGMENT PARA PUBLIC 'CODE'

DB BFDH ;BSAVE id

DW a,0

DW TRAILER-HEADER ;Module size
ENDS

PAGE

BASDATSEG SEGMENT BYTE PUBLIC 'CODE'
ASSUME CS:BASDATSEG,DS:BASDATSEG
EQU 5 ;Start of memory image
PROC FAR
NOP sAdjusts for proper
boundary also allows
replacement by GCCH,
the INT 3, which is
DEBUG's breakpoint.
CALL  SKI ;This pushes offset
of 'BASE' dnto stack
;iocal workarea
OW @ ;First input parameter,
BASIC's ARRAY(3)
OW @ ;Second input parameter,
BASIC's ARRAY(4)
DW § ;Result, BASIC's ARRAY(5)
pPQOpP BX ;Now BX knows at what
offset into BASIC's
data space is 'BASE'
MoV AX ,WORKA - BASEIBX] ;Get lst parm
ADD AX JWORKB - BASE[BX] :Add Znd parm
to ACC
Mav WORKC-BASEIBX],AX ;Pass to 3rd parm
RET
ENDP
EQU 3 ;End of memory image

BASDATSEG ENDS

END
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Sample Subroutine Explanation

This example generates a header that looks as if it
were created by BSAVE. It must be linked to the
beginning of the load module by using a segment name
that comes first alphabetically.

AAAA SEGMENT PARA PUBLIC 'CODE'
DB GFDH ;BSAVE id
DW 0,0
DWW TRAILER-HEADER ;Module size
AAAA ENDS
PAGE

This value for module size, divided by 2, is the value
to be substituted for N in the BASIC program below.

The BYTE alignment of the following SEGMENT
statement is needed so the memory image will be
loaded as the next byte following the dummy BSAVE
header with no alignment padding bytes in between.

BASDATSEG SEGMENT BYTE PUBLIC 'CODE'

This code is to be loaded into a BASIC integer array
in BASIC's data segment. The offsets shown by the
assembler listing are relative to the start of the
subroutine, not to the start of BASIC’s data segment,
which is what CS and DS really point to. The
subroutine must do its own offset fixup by finding
where in BASIC's data segment it is loaded, and then
modifying the assembler’s offsets by this base amount.



ASSUME CS:BASDATSEG,DS:BASDATSEG

HEADER EQU $ ;Start of memory image

SUBRT PROC  FAR

NOP ;Adjusts for proper
boundary also allows
replacement by @CCH,
the INT 3, which is
DEBUG's breakpoint.

CALL  SKI ;This pushes offset

s of 'BASE' into stack

BASE: ;local workarea

WORKA DW @ ;First input parameter,

$ BASIC's ARRAY(3)

WORKB DW 0 ;Second input parameter,

3 BASIC's ARRAY(4)

WORKC DW @ ;Result, BASIC's ARRAY(5)

SKIP: POP BX  ;Now BX knows at what

i offset into BASIC's

3 data space js 'BASE'

MOV AX ,WORKA - BASE[BX] ;Get 1st parm
ADD AX,WORKB - BASE[BX] ;Add 2nd parm
; to ACC

e e we we

Note how local storage is to be addressed. Adding
the BX performs the needed self-relocation, changing
local offsets to offsets from DS (BASIC's data
segment).

mMov WORKC-BASE[BX1,AX ;Pass to 3rd parm
RET
SUBRT ENDP
TRAILER EQU g ;End of memory image
BASDATSEG ENDS
END
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The calling routine from BASIC would be as follows:

10 OPTION BASE 1

20 DEFINT A-Z

30'Define scalars before DIM

4@ SUBRT = @

50 DIM ARRAY(10)

60'Load subroutine inlo array
70 BLOAD "SUB2.BLO" ,SUBRT

80 'Pass parameters |ntu array
90 ARRAY(3)=2: ARRAY(4)=3
100'Find where array sta,t;
110 (LjRT VARPTR(ARRAY (1))
120 'Parms are in the array
130 CALL SUBRT

14@'Display result

150 PRINT ARRAY(5)

The next example performs the same function as the
previous example. However, parameters are passed by
putting variables names in the parenthesized list in the
CALL statement.

10 OPTION BASE 1
20'Define tbd1c'5 befor
30 SUBRT%=@: P
40 DIM ARRAY \lh

58'Find start of array

60 SUBRT%=VARPTR(ARRAY%(1

70'Load routine into array

80 BLOAD "SUB1.BLG", SUBRT

9@ 'Pass parms to subroutine

100 PARMA% = 2: PARMB% = 3

11&"w ate subroutine

120 SUBRT% = VARPTR(ARRAY%(1))
IEU‘FJ~ ns in CALL

140 CALL SUBRT%(PARMA%, PARMB%, PARMC
150 'Display results

160 PRINT PARMC



The subroutine named SUB1.BLO is as follows:

STRUC ;Description of parameter 1ist
DW @ ;Saves BASIC's BP register
pW @ ;0ffset of where to RET to
DW @ ;Segment to return to
DW @ ;0ffset to third parameter
DW 0 ;0ffset to second parameter
DW B ;0ffset to first parameter
ENDS
AAR SEGMENT PARA
Dg OFDH ;BSAVE 1D
oW g,0
DW TRAILER-HEADER ;Module size
AAA ENDS

EQU = ;Start of memory image
PROC  FAI
NOP ;For debugging, can be
3 replaced by OCCH (INT 3)
- which is the DEBUG
4 breakpoint

PUSH BP :Save BASIC's BP register

MoV BP,S ;Set addressability to
E parm area on stack
MoV SI.IBP]1.PARMA ;Get offset to parml
MOV AX,[SI] ;Get value of parml
MOV SI,_JP].PﬁRMB ;Get offset to parm?
MOV AX,[S1] ;Add value of parm2 to acc
MOV DI,[BP].PARMC ;Get ofset to parm3
MOV [DI],AX ;Pass result to parm3
POP BP ;:Restore BASIC's BP
RET b ;:Return to BASIC,
3 throwing away the 3 parms
SUBRT ENDP
TRATLER EQU § ;End of memory image
BASDATASEG ENDS
END

Load your assembly language program into this
external data area using the BASIC BLOAD
command. You can also POKE the subroutine into
memory. Load your subroutine beginning at offset 0

B-17



of the first paragraph after the BASIC data segment.
This segment ID can be calculated by adding to the
value of BASIC’s segment ID the maximum number of
paragraphs that BASIC can address.

BASIC is not necessarily located in the same segment
on every machine, so calculate where to BLOAD your
subroutine using the following procedure:

» Set the current segment at segment § with the
DEF SEG statement. The segment ID of BASIC’s
data segment is located in low memory, segment £,
offsets &H510 and &HS11. This memory area is
mapped in the IBM Personal Computer Technical
Reference manual in Section 3 under “Low
Memory Maps.”

» PEEK at these two values and assign the result to a
variable.

+ Add to this value the maximum number of
paragraphs that BASIC will address. By default,
this is 4096 or &H1HHH. This value can be
modified by the CLEAR statement or the /M:
switch.

+ Declare this value as your new segment 1D with the
DEF SEG statement.

«  BLOAD your subroutine at offset f into this
segment.

The BASIC code for this is:

18 DEF SEG = @ 'Look at low memory

20 'Get segment ID

30 V = PEEK(&H510) + (256 * PEEK(&H511))
40 SEGID = V + &H1060'Add 4096 paragraphs
50 'Def seg to next segment after basic
60 DEF SEG = SEGID

70 'Load into this segment at offset 0

80 BLOAD "SUBROUT.COM" , 0



Loading the Subroutine as a Resident
Extension of DOS

You can load your assembled subroutine under DOS
as though it were a command. BASIC can then call
your subroutine when it is needed.

Features

« The area containing your subroutine is protected
by DOS. You are not required to perform any
memory management to ensure the integrity of
your program.

«  Your assembled code need not be self-relocatable.

«  You can load very large modules with this method.
DOS allocates the portion of memory necessary to
load itself and its extensions before it allocates
space to BASIC.

« Because vour subroutine remains resident when
loaded by DOS, you can write one subroutine that
can be used by various programs. The subroutine
need be loaded only once.

Considerations

« An assembler is necessary in order to use this
method.

«  DOS-loaded subroutines remain resident until the
system is rebooted. If memory space is critical,
vou must code your application so that a reboot is
performed when the application completes.
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The DOS-loaded module (vour assembled subroutine)
consists essentially of two parts: the BASIC
subroutine and the loader portion. Invoke the module
as a DOS external command (type the filename with
no extension). The following steps must happen in the
load portion of your assembly language subroutine:

+ Store in low memory the double-word vector
pointing to the subroutine.

« Tell DOS how much of the module is to remain
resident (just the BASIC subroutine portion, not
the loader portion).

» Return to DOS through INT 27H, which leaves the
subroutine resident.

A problem with the DOS-loaded module is that you
must let BASIC know where the subroutine is now
that it has been loaded. A vector in the first 1 K of
memory that is reserved for users can be selected. The
intra-application communication area (16 bytes at
&H4FP - 4FF in segment §) can also be used to
contain the 4-byte vector that points to the
subroutine. See the IBM Personal Computer Technical
Reference in Section 3 under the “Low Memory
Maps™ tables.

The loader should store both the offset and the
segment ID of the subroutine in a fixed location in
segment ). BASIC can then execute a DEF SEG = 0
and a PEEK at the 4 bytes following offset &H4F# to
find where the subroutine is. This is similar to finding
the value of BASIC's default DEF SEG mentioned
earlier.

To avoid multiple copies of the subroutine becoming
resident, define a .BAT file that invokes the
subroutine to load it and invokes BASIC and its
application. Upon completion, the application should
call the BIOS boot code to reboot the system and
therefore avoid leaving the subroutine in memory.



The .BAT file should appear as follows:

subroutine-name
BASIC application-name

The loader portion of the subroutine sets up the
intra-application communication area pointer and
leaves the subroutine resident:

SEGZERO SEGMENT AT 0

ORG 4FQH ;Intra-application
H communication area
COMAREA OFF DW 7?7 ;Vector pointing to
COMAREA_SEG DW 7 ipermanent resident
R BASIC subroutine.
SEGZERO ENDS

GRP GROUP AAAA,ZLOADER

AAAA SEGMENT 'CODE' ;Identifies the start
: of load module

AAAA ENDS :Forces ¢lass "code"
: to load before "data".

SUBDAT SEGMENT PARA PUBLIC 'DATA'
sInsert local data to be used by subroutine here
SUBDAT ENDS
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SUBSEG SEGMENT PARA PUBLIC 'CODE'

ASSUME
SUBRT  PROC

PUSH

MOV

PUSH
MOV

MOV

ASSUME

CS:SUBSEG
FAR ;BASIC entry point
BP ;Save BASIC's registers
BP,SP ;Get
addressability
to parms on stack
ES ;Save BASIC'S
registers
AX ,SUBDAT
ES,AX ;Set

addressability
to local data

ES:SUBDAT ;DS still points

to BASIC's data area

;Insert the BASIC subroutine here

POP
POP
RET

3

SUBRT  ENDP
SUBSEG  ENDS

B
BP
n

;Restore BASIC's
sRegisters
iReturn to BASIC,
discard parms
from stack

ZLOADER SEGMENT BYTE 'ZLOAD'
CS:ZLOADER,55:ZSTACK

ASSUME
ENDRES  EQU
LOADER  PROC

PUSH

XOR
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FAR
ES

AX  AX

Stack not available

to subroutine
sEnd BASIC subroutine.
The rest of this
of this subroutine
does not stay resident
;Entry from DOS
;Set up stack to
contain vector so
J'RET' will return
to INT 27H
instruction at
offset @ in PSP.



PUSH AX

MOV BYTE 'PTR ES:1,27H
3 Change INT 20H
3 to INT 27H at start
: of PSP
XOR AX,AX ;Clear a register
MOV ES,AX ;Set extra segment
to 0
ASSUME ES:SEGZERD
: ;Seg reg points to
: low memory
MOV COMAREA_OFF, OFFSET SUBRT
3 Pass offset to entry
: peint of subroutine
MOV COMAREA-SEG,SEG SUBRT
: Pass subroutine
5 segment
MOV DX ,0FFSET GRP:ENDRES+100H
: Pass offset of end
; of resident code.

At exit, CS will
point to the PSP
which has the exit
instruction 27H.
This sets DX to the
offset from the CS
that is the end of
the resident code.

W e e W @ W EE e

RET ;Return to DOS, via
; INT 27H in PSP
; leaving subroutine

i resident.
LOADER ENDP
ZLOADER ENDS
ISTACK SEGMENT PARA STACK 'STACK'

DB 16 DUpP (“STACK")

;Stack used during

i procedure only
ZSTACK ENDS
END LOADER

The subroutine with its loader is assembled and
linked. It is then ready for execution as an .EXE
external DOS command.

Once the BASIC application is loaded, it can find the
subroutine by:
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20 DEFINT A-Z

30 DEF SEG=0 'Look at low memory at

40 'inter application communication area.
50 SUBOFF=PEEK(&H4FG)+(256*PEEK(&H4F1))
60 SUBSEG=PEEK(&H4F2)+(256*PEEK(&H4AF3))

It can then call the subroutine by:

100 DEF SEG = SUBSEG
110 CALL SUBOFF(PARMA,PARMB ,PARMC)
120 DEF SEG

When finished with execution, the application can
reboot the system, thus removing the subroutine, by:

1060 DEF SEG = &HF@O@: SUBOFF = &HFFFO:
CALL SUBOFF

How BASIC Interfaces with Assembly
Language Subroutines
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BASIC provides two interfaces for calling assembly
language subroutines from your application. They are
the CALL statement and the USR function. The
CALL statement is the recommended procedure and
all examples use this interface. See ““USR Function™
in the BASIC Reference.

When you invoke your subroutine the following is
true:

« Atentry, the segment registers DS, ES, and SS are
set to the same segment value, the segment ID of
BASIC’s data segment. This is the default value
for DEF SEG.

« Atentry, the CS register contains the segment 1D
of the latest value specified for DEF SEG. By
default, this is BASIC s segment ID.

« Atentry, the stack pointer register (SP) indicates
that you have a minimum of eight words available
on the stack for use by your subroutine. Other



space is provided on the stack for use by interrupts
(such as TIMER) and DOS or BIOS calls invoked
by the assembler subroutine. If your subroutine
needs more stack space, create your own stack
with a minimum of 128 bytes reserved for system
usage above the requirements of the subroutine
itself. Upon returning to BASIC, the stack
segment (SS) and the stack pointer (SP) registers
must have the same values as when the subroutine
was called from BASIC. Care must be taken to
preserve these values if you set up your own stack.

If the input parameter is a string, the value passed is
the offset in BASIC’s data segment of a 3-byte areca
called the string descriptor.

Byte §) contains the length of the string (9 to 255)

Byte 1 contains the lower 8 bits of the offset of the
string in the string space area of BASIC’s
data segment.

Byte 2 contains the higher 8 bits of the offsel of the
string in the string space area of BASIC's
data segment.

Warning: The subroutine must not change the
contents of any of the 3 bytes of the siring
descriptor.

The subroutine can change the content of the string
itself, but not its length.

If the subroutine changes a string, this may modify
vour program. The following example may change the
string “TEXT" in the BASIC program.

AS = "TEXT"
CALL SUBRT(AS)

However, the next example does not change the
program, because the string concatenation causes
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BASIC to copy the string into the string space where it
can be safely changed without affecting the original
text.

To return from your subroutine, you must:
« Enable any interrupts disabled by the subroutine.

« Use an intersegment RET instruction since any
subroutine call from BASIC is a FAR call.

« Restore all segment registers and the stack pointer
(SP). All other registers and flags can be altered.

The CALL Statement

Execution of a CALL statement causes the following
Lo oceur:

« For each parameter in the variable list, the
variable’s location is pushed onto the stack. The
location is specified as a 2-byte offset into
BASIC’s data segment. You can return values to
BASIC through the parameters by changing the
values of the variables pointed to by the parameter
list.

The CALLed subroutine must know how many
paramelters were passed. Parameters are
referenced by adding a positive offset to BP after
the called subroutine moves the current stack
pointer into BP. The first instruction in your
subroutine should be:
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The offset into the stack of any one parameter is
calculated as follows:

where N is the total number of parameters passed
and M is the position of the specific parameter in
the parameter list on the CALL statement. M can
range from | to N.

In the Macro Assembler, the “STRUC" pseudo-op
is a conventional way of defining the contents of
the stack, showing the location of parameters.

JET
RET SEG DW
PARMN OW 1

Warning: You must make sure that the
parameters in the CALL statement match in
number, type. and length the parameters expected
by the subroutine; for instance, double-precision
(8-byte) values.

« Control is transferred to the assembly language
subroutine using the segment specified in the first
DEF SEG statement and the offset specified in the
CALL statement.

e The return segment ID specified in the CS register
and the offset are pushed onto the stack.

«  When vou call a subroutine using a CALL

statement that specifies parameters, the subroutine
must return with a RET N, where N is twice the
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number of parameters in the list. This adjusts the
stack to the condition at the start of the calling
sequence.

The CALL statement does not always have
parameters. Also, if your routine is located in an
integer array, it is possible to pass parameters in
the array itself instead of through the CALL
statement.



Memory Map

0000:0000

START OF

USER AREA ~

TOP OF CS —

TOP OF
DS.ES,SS

A000:0000
BO0O:0000

F400:0000

This is a memory map for Disk and Advanced BASIC. DOS and the BASIC

extensions aie not present for Casselte BASIC. Addresses are in the
hexadecimal form SEGMENT.QFFSET.

= & m

=c=z—x»=

SPACE FOR USER INSTALLED

SYSTEM INTERRUPT VECTORS

DOS

DOS WORKAREA

BASIC EXTENSIONS

INTERPRETER WORKAREA
File Buffers
COM Buffers
RS232 Code

YOUR BASIC PROGRAM

Allocation of space in
this area is
determined by the /F:,
/S:, and /C: switch
settings when BASIC
is invoked. Presence
of RS232 code adds
approximately 1500
bytes. Boundaries of
buffers and RS232
code are dynamic.

These areas are
allocated dynamically
during program
execution. Each area
expands in the
indicated direction.

— When string space
and array space meet,
there is no free
memory.

Stack size is 512
bytes unless set by

MEMORY EXPANSION

SYSTEM

SCREEN BUFFER

READ-ONLY MEMORY —BIOS

CLEAR command.
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Appendix C. Communications

This appendix describes the BASIC statements
required to support RS232 asynchronous
communication with other computers and peripherals.

Opening a Communications File

OPEN “COM... allocates a buffer for input and
output in the same fashion as OPEN for disk files. See
“OPEN “COM....

Communication I/0O

Since each communications adapter is opened as a file,
all input/output statements that are valid for disk files
are also valid for communications.

Communications sequential input statements are the
same as those for disk files. They are:

INPUT =
LINE INPUT =
INPUTS

Communications sequential output statements are also
the same as those for disk files, and are:

PRINT #
PRINT = USING
WRITE =

See “INPUT™ and “"PRINT" for details of coding
syntax and usage.
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GET and PUT for Communications Files

GET and PUT are only slightly different for
communications files than for disk files. They are
used for fixed length 1/O from or to the
communications file. Instead of specifying the record
number to be read or written, you specify the number
of bytes to be transferred into or out of the file buffer.
This number cannot exceed the value set by the LEN
option on the OPEN “COM... statement. See “GET”
and “PUT.”

1/0 Functions

The most difficult aspect of asynchronous
communication is processing characters as fast as they
are received. At rates of 1200 bps or higher, it may
be necessary to suspend character transmission from
the other computer long enough to “catch up.” This
can be done by sending XOFF (CHRS$(19)) to the
other computer and XON (CHR$(17)) when you are
ready to resume. XOFF tells the other computer to
stop sending, and XON tells it to start sending again.

Note: This is a commonly used convention, but it
is not universal. Whether it is valid depends on the
protocol implemented between you and the other
computer or peripheral.

Disk BASIC and Advanced BASIC provide three
functions that help determine when an “‘overrun™
condition is likely to occur. These are:

LOC(f)
LOF(f)
EOF(I)

Note: A Communication buffer overflow can occur
il a read is attempted after the input buffer is full
(that is. when LOF(f) returns ).



INPUTS Function

The INPUTS function is preferred over the INPUT #
and LINE INPUT # statements when reading
communications files, since all ASCII characters may
be significant in communications. INPUT # is least
desirable because input stops when a comma or
carriage return is seen. LINE INPUT # stops when a
carriage return is seen.

INPUTS allows all characters read to be assigned to a

string. INPUTS$(n,f) returns n characters from the 2f

file. The following statements are efficient for reading
a communications file:

10 WHILE NOT EOF(1)
20 A$=INPUTS(LOC(1),41)

(process data returned in A$)

When there are characters in the buffer, line 20
assigns them to AS, and they are processed. If there
are more than 255 characters in the buffer, only 255
are returned at a time to prevent String overflow. Since
EOF(1) is false, input continues until the input buffer
is empty. This procedure is simple, concise, and fast.

To process characters quickly, avoid examining every
character as you receive it. If you are looking for
special characters (such as control characters), you
can use the INSTR function to find them in the input
string.

A Sample Program

The following program allows the IBM Personal
Computer to be used as a conventional **dumb™



terminal in a full duplex mode. This program assumes
a 3/ bps line and an input buffer of 256 bytes (the
/C: option was not used in the BASIC command).

10 REM  dumb terminal example

20 'set screen to monochrome text mode
30 ! and set width to 40

40 SCREEN 0,0: WIDTH 4@

53 ‘turn off key display; clear screen
60 ' make sure all files are closed
70 KEY OFF: CLS: CLOSE

80 'define numeric variables as integer
98 DEFINT A-Z

160 'define true and false

110 FALSE=0(: TRUE=NOT FALSE

120 'define the XON, XOFF characters
130 XOFF$=CHRS$(19): XON%=CHR$(17)

140 'open communications to file number 1,
150 ' 300 bps, EVEN parity, 7 data bits
160 OPEN "COM1:2300,E,7" AS #1

170 'use screen as a file, just for fun
180 OPEN "“SCRN:" FOR DUTPUT AS #2

190 'turn cursor on

200 LOCATE ,,1

400 EAUSE=FALSE: ON ERROR GOTO 9000

490
500 'send keyboard input te com line
510 B3=INKEYS: IF Bs<>"" THEN PRINT #1,Bs%;

520 'if com buffer is empty, check key in
5306 IF EOF(1) THEN 510

540 'if buffer more than 172 full, then

550 'set PAUSE flag to say input suspended,
560 ‘send XOFF to host to stop transmission
570 IF LOC(1)=128 THEN PAUSE=TRUE

575 PRINT #1,X0OFF%



gead contents of com buffer
\$=INPUT$(LOC(] |

Mo linef 15
whnen i L 1 |
L FP=0
"Took for linefeed
LFP=TNSTR(LFP+1 A
[F LFP=0 THEN MIDS(A

S
display com input, and chec
PRINT #2,A%;: IF LOC(1)>0 THEN
'if transmission suspended by XOFF,

GOTO 630

resume by sending XON

[F PAUSE THEN PAUSE=FALSE

PRINT #1,XONS;
O .‘ ‘L F Na10] v n I -~
{ =
: 1 2F s, P n 1Ls number and Y
@ PRINT OR NG ERR: RESUME

Notes on the Program

“Asynchronous’™ communication implies character
/0 as opposed to line or block 1/0. Therefore,
all PRINTS (either to communications file or to
screen) are ended with a semicolon. This stops the
carriage return normally issued at the end of the
list of values to be printed.

Line 9§, where all numeric variables are defined as
integers, is coded because any program looking for
speed optimization should use integer counters in
loops where possible.

Note in line 510 that INKEYS will return a null
string if no character is pending.
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Operation of Control Signals

The output from the Asynchronous Communications
Adapter conforms to the Electronic Industries
Association (EIA) RS232-C standard for interface
between Data Terminal Equipment (DTE) and Data
Communications Equipment (DCE). This standard
defines several control signals that are transmitted or
received by your IBM Personal Computer to control
the interchange of data with another computer or
peripheral. These signals are DC voltages that are
either ON (greater than +3 volts) or OFF (less than
-3 volts). See the IBM Personal Computer Technical
Reference.

Control of Output Signals with OPEN

When you start BASIC on your IBM Personal
Computer, the RTS (Request To Send) and DTR
(Data Terminal Ready) lines are held off. When an
OPEN “COM... statement is performed, both of these
lines are normally turned on. However, you can
specify the RS option in the OPEN “COM...
statement to suppress the RTS signal. The lines
remain on until the communications file is closed (by
CLOSE, END, NEW, RESET, SYSTEM, or RUN
without the R option). Even if the OPEN “COM...
statement fails with an error (as described below), the
DTR line (and RTS line, if applicable) is turned on
and stays on. This allows you to retry the OPEN
without having to execute a CLOSE.

Use of Input Control Signals

Normally, if either the CTS (Clear To Send) or DSR
(Data Set Ready) lines are off, then an OPEN
“COM... statement does not execute. After one
second, BASIC returns a Device timeout error (error



code 24). The Carrier Detect (sometimes called
Receive Line Signal Detect) can be either on or off; it
has no effect on the operation of the program.

However, you can specify how you want these lines
tested with the RS, CS, DS, and CD options on the
OPEN “COM... statement. See “OPEN“COM...
Statement.”

If any of the signals being tested are turned off while
the program is executing, I/O statements associated
with the communications file do not work. For
example, when you execute a PRINT # statement after
the CTS or DSR line is turned off, a Device fault (code
25) or Device timeout (code 24) error occurs. The
RTS and DTR remain on even if such an error occurs.

You can test for a line disconnect by using the INP
function to read the bits in the MODEM Status
Register on the Asynchronous Communications
Adapter. See the following section, “Testing for
Modem Control Signals,” for details.

Testing for Modem Control Signals

Four input control signals are picked up by the
Asynchronous Communications Adapter. These
signals are CTS and DSR (described previously)
Carrier Detect (sometimes called Received Line Signal
Detect) (pin 8), and Ring Indicator (pin 22). You can
specily how you want to test the CTS, DSR, and CD
lines with the OPEN “COM... statement. Ring
Indicator is not used at all by the communications
function in BASIC.,

If you need to test for any of these signals in a
program, you can check the bits corresponding to
these signals in the MODEM Status Register on the
Asynchronous Communications Adapter. To read the
8 bits in this register, use the INP function:
INP(&H3FE) to read the register on an unmodified
communications adapter; and INP(&H2FE) to read it
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on a modified communications adapter. See the

“ Asynchronous Communications Adapter” section of
the IBM Personal Computer Technical Reference
manual for a description of which bits in the Status
Register correspond to which control signals. You can
also use the Delta bits in this register to determine if
transient signals have appeared on any of the control
lines. Note that for a control signal to have meaning,
the pin corresponding to that signal must be connected
in the cable to your modem or to the other computer.

You can also test for bits in the Line Status Register
on the Asynchronous Communications Adapter, Use
INP(&H3FD) to access this register on an unmodified
communications adapter, and INP(&H2FD) to access
it on a modified communications adapter. Again, the
bits are described in the IBM Personal Computer
Technical Reference. These bits can be used to
determine what types of errors have occurred on
receipt of characters from the communications line or
whether a break signal has been detected.

Direct Control of Qutput Control Signals

C-8

You can control the RTS or DTR control signals
directly from a BASIC program with an OUT
statement. The on/off states of these signals are
controlled by bits in the MODEM Control Register on
the Asynchronous Communications Adapter. The
address of this register is &H3FC on an unmodified
communications adapter and &H2FC on a modified
communications adapter. The IBM Personal
Computer Technical Reference describes which of
these bits correspond to which signals.

You can also change bits in the Line Control Register
on the Asynchronous Communications Adapter. Be
careful in modifying these bits because most of them
have been set by BASIC when an OPEN statement is
executed and changing a bit can cause
communications failure. The Line Control Register is



at address &H3FB on an unmodified communications
adapter and at address &H2FB on a modified
communications adapter.

When changing bits in either the MODEM Control
Register or the Line Control Register, first read the
register (with an INP function), and then rewrite the
register with only the pertinent bit or bits changed.

A bit you may wish to control in the Line Control
Register is bit 6, the Set Break bit. This bit permits
you to produce a Break signal on the communications
send line. A Break is often used to signal a remote
computer to stop transmission. Typically a Break lasts
for 1/2 second. To produce such a signal, you must
turn on the Set Break, wait for the desired time of the
Break signal, and then turn the bit off. The following
BASIC statements produce a Break signal of about
1/2 second duration on an unmodified
communications adapter.

10 I INP({AH3FE

et Break bit OFF in register

3k bit OFF in re

Communication Errors

Errors occur on communication files in the following
order:

I. When opening the file—

a. Device timeout if one of the signals to be tested
(CTS, DSR, or CD) is missing.

|30

When reading data—



a. Com buffer overflow if overrun occurs.

b. Device I/0 error for overrun, break, parity, or
framing errors.

¢. Device fault if you lose DSR or CD.
3. When writing data—
a. Device fault if you lose CTS, DSR, or CD on a
Modem Status Interrupt while BASIC was

doing something else.

b. Device timeout if you lose CTS, DSR, or CD
while waiting to put data in the output buffer.
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Appendix D. ASCII Character Codes

The following table lists all the ASCII codes (in
decimal) and their associated characters. These
characters can be displayed using PRINT CHR$(n),
where n is the ASCII code. The column headed
"Control Character" lists the standard interpretations
of ASCII codes 0 to 31 (usually used for control
functions or communications).

Each of these characters can be entered from the
keyboard by pressing and holding the Alt key, then
pressing the digits for the ASCII code on the numeric

keypad. Note, however, that some of the codes have
special meaning to the BASIC Program Editor. It uses

its own interpretation for the codes and may not
display the special character listed here.



ASCII
Value

000
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031

D-2

Character
(rull)

> p * Q@

(beep)

a

(tab)

(line feed)
(home)
(form feed)

(carriage return)

e R R T

f{cursor right)
(cursor left)
{cursor up)

(cursor down)

Control
Character
NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
SO
Sl
DLE
DC1
DC2
DC3
DC4
NAK
SYN
ETB
CAN
EM
SuB
ESEC
FS
GS
RS
us

ASCII
Value

032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063

Character

(space)

O o N bs wWwNnN = O ~"



ASCII
Value

064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
D82
083
084
085
086
087
088
089
080
091
092
093
094
095

= T N XS <CCHOTIODOBTOZEZIDASTIOMNMMOO®P R

Character

ASCII
Value

096
097
098
099
100
101
102
103
104
106
106
107
108
109
110
111
112
113
114
15
116
117
118
119
120
121
122
123
124
125
126
127

Character

"



ASCII
Value

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
1560
151
152
153
154
155
1566
157
158
159

Character

ASCII
Value

160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

Character




ASCII
Value

192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221

222
223

Character
S

Ll

ASCII
Value

224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

242
243
244
245
246
247
248
249
250
251

252
253
254
255

Character

a4 T e

4

Mmo~g8 o d o

S VA A

"

- 3

| |
(blank 'FF7)

D-5



Extended Codes

For certain keys or key combinations that cannot be
represented in standard ASCII code, an extended code
is returned by the INKEYS system variable. A null
character (ASCII code 000) will be returned as the
first character of a two-character string. If a
two-character string is received by INKEY$, go back
and examine the second character to determine the
actual key pressed. Usually, this second code is the
scan code of the primary key that was pressed. The
ASCII codes (in decimal) for this second character
and the associated key(s) are listed on the next page.



Second
Code

3

15
16-25
30-38
44-50
59-68

71

72

73

o

TT

79

80

81

82

83
84-93
94-103
104-113
114
115
116
117
118
119
120-131
132

Meaning

(null character) NUL

(shift tab) |€—

Alt-Q, W, E, R, T,Y,U,1,O, P
Alt- A,S,D,F,G,H,J,K, L
Alt-Z, X, C,V,B, N, M
Function keys F1 through F10 (when
disabled as soft keys)

Home

Cursor Up

Pg Up

Cursor Left

Cursor Right

End

Cursor Down

Pg Dn

Ins

Del

F11-F20 (Shift- F1 through F10)
F21-F30 (Ctrl- F1 through F10)
F31-F40 (Alt- F1 through F10)
Ctrl-Prtsc

Ctrl-Cursor Left (Previous Word)
Ctrl-Cursor Right (Next Word)
Ctrl-End

Ctrl-Pg Dn

Ctrl-Home

Alt- 1,2,3,4,5,6,7,8,9,0,-,=
Cturl-Pg Up
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Appendix E. Scan Codes

Key Scan code | Key Scan code
in hex in hex
ESC 01 | «— OF
— |

' 02 Q 10
@?2 03 W 11
#3 04 E 12
$4 05 R 13
% 5 06 T 14
A6 07 Y 15
&7 08 U 16
*8 09 I 17
(9 0A 0] 18
) 0 0B P 19

— 0C il 1A
+ = 0D ] 1B
- 0E <—] 1C




(5]

Key Scan code | Key Scan code
in hex in hex
Curl 1D R 2B
A 1E Z 2C
S IF X 2D
D 20 C 2E
F 21 \Y 2F
G 22 B 30
H 23 N 31
J 24 M 32
K 25 2 5 33
L, 26 - 34
27 T/ 35
28 <Right 36
~ 29 PrtSc * 37
“Left 2A Al 38




Key Scan code | Key Scan code
in hex in hex
Sp bar 39 7 Home 47
Caps 3A ) 48
Lock
F1 3B 9PgUp |49
F2 3C - 4A
F3 3D 4 <« 4B
F4 3E 5 4C
F5 3F 6 — 4D
F6 40 + 4E
F7 41 1 End 4F
F8 42 24 50
F9 43 3 PgDhn 51
F10 44 0 Ins 52
Num 45 . 53
Lock Del
Scroll 46
Lock
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Glossary

absolute coordinates. In computer graphics, a pair of
values that specify the location of a point with respect
to the origin of the coordinate system. Contrast with
relative coordinates.

access mode. A technique used to get a specific logical
record from, or put a logical record into, a file.

accuracy. The quality of being free from error. On a
machine, this is actually measured and refers to the
size of the error between the actual number and its
value as stored in the machine.

active page. On the Color/Graphics Monitor Adapter,
the part of the screen buffer that has information
written to it. It can be different from the part of the
screen buffer whose information is being displayed.

adapter. A mechanism for attaching parts.

address. (noun) The location of a register, a particular
part of memory, or some other data source or
destination. (verb) To refer to a device or a data item
by its address.

addressable point. In computer graphics, any point in a
display space that can be addressed. Such points are
finite in number and form a discrete grid over the
display space.

algorithm. A set of well-defined rules for the solution
of a problem in a finite number of steps.

allocate. To assign a resource, such as a disk file or a
part of memory, to a specific task.

alphabetic character. A letter of the alphabet.
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alphameric or alphanumeric. Pertaining to a character
set that contains letters and digits.

application program. A computer program that
accomplishes a specific task, such as word processing
or processing payroll data.

argument. A value that is passed from a calling
program to a function.

arithmetic overflow. Same as overflow.

array. An arrangement of elements in a table format.

ASCII. American National Standard Code for
Information Interchange. The standard code used for
exchanging information among data processing
systems and associated equipment. The ASCII set
consists of control characters and graphic characters.

asynchronous. Without regular time relationship;
unpredictable with respect to the execution of a
program’s instructions.

attribute. A property or characteristic of one or more
items.

background. The area that surrounds the subject. In
particular, the part of the display screen surrounding a
character.

backup. A system, device, file, or facility that can be
used as an alternative in case of a malfunction or loss
of data.

baud. A unit of signaling speed equal to the number of
discrete conditions or signal events per second.
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binary. Pertaining to a condition that has two possible
values or states. Also, refers to the Base 2 numbering
system.

bit. A binary digit.

blank. A part of a data medium in which no characters
are recorded. Also, the space character.

blinking. An intentional regular change in the intensity
of a character on the screen.

boolean value. A numeric value that is interpreted as
“true™ (if it is not zero) or “false” (if it is zero).

bootstrap. An existing version, perhaps a primitive
version, of a computer program that is used to
establish another version of the program. Can be
thought of as a program that loads itself.

bps. Bits per second.

bubble sort. A technique for sorting a list of items into
sequence. Pairs of items are examined, and exchanged
if they are out of sequence. This process is repeated
until the list is sorted.

buffer. An area of storage that is used to compensate
for a difference in rate of flow of data, or time of
occurrence ol events, when transferring data from one
device to another. Usually refers to an area reserved
for I/O operations, into which data is read or from
which data is written.

bug. An errorin a program.
byte. The representation of a character in binary.

Eight bits.

call. To bring a computer program, a routine, or a
subroutine into effect, usually by specifying the entry
conditions and jumping to an entry point.
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carriage return character (CR). A character that
causes the print or display position to move to the first
position on the same line.

channel. A path along which signals can be sent; for
example, a data channel or an output channel.

character. A letter, digit, or other symbol that is used
as part of the organization, control, or representation
of data. A connected sequence of characters is called
a character string.

character device. A device that is designed to do
character I/0O in a serial manner, like CON, AUX, and
PRN.

clipping. See line clipping.

clock. A device that generates periodic signals used
for synchronization. Each signal is called a clock pulse
or clock tick.

code. (verb) To represent data or a computer program
in a symbolic form that can be accepted by a
computer; to write a routine. (noun) Loosely, one or
more computer programs, or part of a program.

comment. An explanatory statement in a program.
Comments include information that can be helpful in
running the program or reviewing the output listing.

communication. The transmission and reception of
data.

complement. An “opposite” number. In particular, a
number that can be derived from a given number by
subtracting it from another given number.

compression. The moving of fragmented data into a

contiguous region of memory, leaving other regions
free for other data.
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concatenation. The operation that joins two strings
together in the order specified, forming a single string
with a length equal to the sum of the lengths of the
two strings.

constant. A fixed value or data item.

control character. A character whose occurrence in a
particular context starts, modifies, or stops a control
operation. A control operation is an action that
affects the recording, processing, transmission, or
interpretation of data; for example, carriage return,
font change, or end of transmission.

control data. See conrrol character.

coordinates. Numbers that identify a location on the
display.

current directory. The default directory for each drive
on a computer system. This is the directory that
BASIC searches if you enter a filename without a path
specification.

cursor. A movable marker on the display screen that
indicates where the next character will be entered,
replaced, or deleted.

debug. To find and eliminate mistakes in a program.

default. A value or option that is assumed when none
is specified.

delimiter. A character that groups or separates words
or values in a line of input, such as commas, colons,
semicolons, and blanks.

device driver. A program that interfaces input/output
to a device.

diagnostic. Pertaining to the detection and isolation of
a malfunction or mistake.
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Glossary-6

directory. A table of identifiers and references to the
corresponding items of data. For example, the
directory for a disk contains the names of files on the
disk (identifiers), along with information that tells
DOS where to find the file on the disk. See also
tree-structured directories.

disabled. A state that prevents the occurrence of
certain types of interruptions.

DOS. Disk Operating System. In this book, refers
only to the IBM Personal Computer Disk Operating
System.

double precision. In the representation of numbers, the
degree of accuracy that requires the use of two
computer words. In double precision, numbers are
stored with 17 digits of accuracy and printed with up
to 16 digits. Contrast with single precision.

dummy. Having the appearance of a specified thing
but not having the capacity to function as such. For
example, a dummy argument to a function.

duplex. In data communication, pertaining to a
simultaneous two-way independent transmission in
both directions. Same as “full duplex.”

dynamic. Occurring at the time of execution.

echo. To reflect received data to the sender. For
example, keys pressed on the keyboard are usually
echoed as characters displayed on the screen.

edit. To enter, modify, or delete data.

element. A member of a set; in particular, an item in
an array.



enabled. A state of the processing unit that allows
certain types of interruptions.

end of file (EOF). A “marker” immediately following
the last record of a file, signaling the end of that file.

environment. A set of text strings, less than 32K bytes
total, that conveys various configuration parameters.

event. An occurrence or happening. In IBM Personal
Computer Advanced BASIC, refers to the events
tested by ON COM(n), ON KEY(n), ON PEN, ON
PLAY(n), ON STRIG(n), and ON TIMER.

execute. To perform a computer instruction or
program.

expression. A notation that has a value. Usually, a

combination of variables, constants, and operators,
such as X - 3.

fault. An accidental condition that causes a device to
fail to perform in a required manner.

field. In a record, a specific area used for a particular
category of data.

file. A set of related records treated as a unit.

fixed disk. The IBM nonremovable disk drive that has
no drive cover or handle.

flag. Any of various types of indicators used for
identification; for example, a character that signals the

occurrence of some condition.

font. A family or assortment of characters of a
particular size and style.

foreground. The part of the display area that is the
character itself.
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format. The particular arrangement or layout of data
on a data medium, such as the screen or a disk.

form feed (FF). A character that causes the print or
display position to move to the next page.

function. A procedure that returns a value that
depends on the value of one or more independent
variables in a specified way.

function keys. Keys on the computer keyboard that
tell the system to perform certain commands. The
keys FI1-F10 on the keyboard.

graphic. A symbol produced by a process such as
handwriting, printing, or drawing.

half duplex. In data communication, pertaining to an
alternate, one way at a time, independent
transmission.

hard copy. A printed copy of machine output in a
visually readable form.

hertz (Hz). A unit of frequency equal to one cycle per
second.

hierarchy. A structure having several levels, arranged
in a tree-like form. ““Hierarchy of operations™ refers
to the relative priority assigned to arithmetic or logical
operations that must be performed.

host. The primary or controlling computer in a
multiple computer installation.

housecleaning. An operation in which BASIC
compresses string space by collecting all its useful data
and frees up unused areas of memory that were once
used for strings.
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implicit declaration. The establishment of a dimension
for an array without it having been expiicitly declared
in a DIM statement.

increment. A value used to alter a counter.

initialize. To set counters, switches, addresses, or
contents of memory to zero or other starting values at
the beginning of, or at prescribed points in, the
operation of a computer routine.

instruction. In a programming language, any
meaningful expression that specifies one operation and
its operands, if any.

integer. One of the numbers 0, +1, £2, +3, ...

integrity. Preservation of data for its intended
purpose; data integrity exists as long as accidental or
malicious destruction, alteration, or loss of data are
prevented.

interface. (noun) A shared boundary in which two
systems interact.

interpreter. A system program that is used to translate
and execute each source language statement of a
computer program before going on to the next
statement.

interrupt. To stop a process in such a way that it can
be resumed.

intra-application communication area. A 16-byte area
in low memory starting at address H4F0 which is
reserved for use by any application.

invoke. To activate a procedure at one of its entry

points.

joystick. A computer graphics lever that can pivot in
all directions and is used as a locator device.
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justify. To align characters horizontally or vertically
to fit the positioning constraints of a required format.

K. When referring to memory capacity, two to the
tenth power (1024 in decimal notation).

keyword. One of the predefined words of a
programming language; a reserved word.

leading. The first part of something; for example,
leading zeros or leading blanks in a character string.

light pen. A light-sensitive device that can be used
instead of the keyboard to select a location on the
screen.

line. When referring to text on a screen or printer, one
or more characters output before a return to the first
print or display position. When referring to input, a
string of characters accepted by the system as a single
block of input; for example, all characters entered
before you press the Enter Key. In graphics, a series
ol points drawn on the screen to form a straight line.
In data communications, any physical medium, such as
& wire or microwave beam, that is used to transmit
data.

line clipping. A process in which points referenced
outside a coordinate range become invisible in the
viewing area. Any image crossing the viewing area
(lying partially within and partially without) is cut off
or “clipped™ at the viewing area boundaries so that
only points in range appear.

line feed (LF). A character that causes the print or
display position to move to the corresponding position

on the next line.

literal. An explicit representation of a value, especially
a string value; a constant.
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location. Any place in which data can be stored.

logical line. A string of text between one Enter and
another. It is treated by BASIC as a single unit.

loop. A set of instructions that can be executed
repeatedly while a certain condition is true.

M. Mega; one million. When referring to memory,
two to the twentieth power; 1,048,576 in decimal
notation.

machine infinity. The largest number that can be
represented in a computer’s internal format.

mantissa. For a number expressed in floating point
notation, the numeral that is not the exponent.

mapping. The translation of coordinate values between
the world coordinate system, as defined by the
WINDOW statement, and the physical coordinate
system of the viewport.

mask. A pattern of characters that controls the
retention or elimination of another pattern of
characters.

matrix. An array with two or more dimensions.

matrix printer. A printer in which each character is
represented by a pattern of dots.

megabyte. 1,048,576 bytes. Same as two to the
twentieth power.

menu. A list of available operations. You select from
the list the operation you want.
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nest. To incorporate a structure into another structure
of the same kind. For example, you can nest loops
within other loops or call subroutines from other
subroutines.

notation. A set of symbols, and the rules for their use,
for the representation of data.

null. Empty, having no meaning. In particular, a
string with no characters in it.

octal. Pertaining to a Base 8 number system.

offset. The number of units from a starting point (in a
record, control block, or memory) to some other
point. For example, in BASIC the actual address of a
memory location is given as an offset in bytes from the
location defined by the DEF SEG statement.

on-condition. An occurrence that could cause a
program interruption. It can be the detection of an
unexpected error, or of an occurrence that is expected,
but at an unpredictable time.

operand. An expression in an instruction that must be
acted upon when the instruction is carried out.

operating system. Software that controls the execution
of programs; often used to refer to DOS.

operation. A program step undertaken or executed by
a computer.

operator. A symbol that represents the action to be
performed in a mathematical operation.

overflow. The result of an operation that exceeds the
capacity of the intended unit of storage.

overlay. To use the same areas of memory for

different parts of a computer program at different
times.
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overwrite. To record into an area of storage so as to
destroy the data that was previously stored there.

pad. To fill a block with dummy data, usually zeros or
blanks.

page. Part of the screen buffer that can be displayed
and/or written on independently.

palette. In computer graphics, a range of colors.

parameter. A variable that is given a constant value
for a specified application. Or, a name in a procedure
that refers to an argument passed to that procedure.

parity check. A technique for testing transmitted data.
Typically, a binary digit is appended to a group of
binary digits to make the sum of all the digits either
always even (even parity) or always odd (odd parity).

path. A specified direction used to find a particular
file. Used with directories and any command or
statement that accepts a file specification.

peripheral device. In a compuler system, any
equipment that provides the processing unit with
outside communication.

physical coordinate system. The logical limits of the
screen. See “*View' and “Window™ statements in this
manual.

pixel. A point or location on a display screen that is
used to form part of an image on the screen. Also, the
bits that contain the information for that point.

port. An access point for data entry or exit.

position. In a string, each location that can be

occupied by a character and that can be identified by a
number.
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precision. A measure of the ability to distinguish
between nearly equal values.

prompt. A message or symbol that appears on the
screen, asking for information from the user.

protect. To restrict access to or use of all, or part of, a
data processing system.

queue. A line or list of items waiting for service; the
first item that goes into the queue is the first item to
be serviced.

random access memory. Storage in which you can read
and write to any desired location. Sometimes called
“direct access storage.”

range. The set of values that a quantity or function
can take.

raster scan. A technique of generating a display image
by a line-by-line sweep across the entire display
screen. This is the way pictures are created on a
television screen.

read-only. A type of access that allows data to be read
but not modified.

record. A collection of related information treated as
a unit. For example, in stock control, each invoice
might be one record.

register. A storage device with a specilied capacity
such as a bit, a byte, or a computer word.

relative coordinates. In computer graphics, a pair of
values that identify the location of a point by
specifying displacements from some other point.

reserved word. A word that is defined in BASIC for a
special purpose and cannot be used as a variable name.
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resolution. In computer graphics, a measure of the
sharpness of an image, expressed as the number of
lines per unit length.

reverse image. Highlighting a character field or cursor
by reversing its color and its background.

root directory. The directory that is created on each
disk when it is formatted. Also called the “base™ or
“main” directory.

routine. Part of a program, or a sequence of
instructions called by a program, that can have some
general or frequent use.

row. A horizontal arrangement of characters or other
expressions.

scalar. A value or variable that is not an array.

scale. To change the representation of a quantity,
expressing it in other units, so that its range is brought
within a specified range.

scaling. In computer graphics, the process of
WINDOW mapping world coordinates to physical
coordinates. See “WINDOW Statement” in this
manual.

scan. To examine sequentially, part by part. See raster
scan.

scroll. To move all or part of the screen material up or
down, left or right, to allow new information to
appear.

segment. A particular 64K-byte area of memory.
sequential access. An access mode in which records
are retrieved in the same order in which they were

written. Each successive access Lo the file refers to
the next record in the file.
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single precision. In the representation of numbers, the
degree of accuracy that requires the use of one
computer word. In single precision, seven digits are
stored and up to seven digits are printed. Contrast
with double precision.

stack. A method of temporarily storing data so that
the last item stored is the first item to be processed.

statement. A meaningful expression that describes or
specifies operations and is complete in the context of
the BASIC programming language.

stop bit. A signal following a character or block that

prepares the receiving device to receive the next

character or block.

storage. A device, or part of a device, that can retain
data. ‘Memory.

string. A sequence of characters.

subdirectory. Any directory contained in the root
directory list or within another subdirectory list.

subscript. A number that identifies the position of an
element in an array.

syntax. The rules governing the structure of a
language.

syntax error. An incorrect instruction resulting from a
misspelling, missing or faulty punctuation, a missing or
incorrect character.

table. An arrangement of data in rows and columns.

target. In an assignment statement, the variable whose
value is being set.

telecommunication. Synonym for data communication.
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terminal. A device, usually equipped with a keyboard
and display, capable of sending and receiving
information.

toggle. Pertaining to any device having two stable
states; to switch back and forth between the two
states.

trailing. Located at the end of a string or number. For
example, the number 1000 has three trailing zeros.

trap. A set of conditions describing an event to be
intercepted and the action to be taken after the
interception.

tree-structured directory. A group of related files and
directories on the same disk organized in a hierarchical
structure, as in a “family tree.”

truncate. To remove the ending elements from a
string.

twos complement. A form for representing negative
numbers in the binary number system.

typematic key. A key that repeats as long as you hold
it down.

variable. A quantity that can assume any of a given set
of values.

vector. In computer graphics, a directed line segment.
More generally, an ordered set of numbers, and so, a
one-dimensional array.

viewport. In computer graphics, a defined area of the

screen.

window. In computer graphics, a defined area in the
world coordinate system.
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world coordinate system. A coordinate system not
bounded by any limits — unlimited “space” in graphics.

wraparound. The process whereby parts of an object
that are not visible within the window produce
incorrectly drawn images due to the overflow of
internal coordinates.

write. To record data in a storage device or on a data
medium.

zooming. In computer graphics, causing an object to
appear smaller or larger by moving the WINDOW and
specifying various WINDOW sizes.
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disk 1/0 309 erasing a file 150

Index-3



erasing a program 196
erasing arrays 89
erasing program lines 68
erasing variables 32
ERDEV 91
ERDEYV and ERDEVS$
Variables 91
ERL 94
ERR 94
ERR and ERL Variables 94
ERROR 96
error codes 94, 96, Appendix
A
error line 94
error messages Appendix A
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GET Statement
(Graphics) 115
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GOSUB and RETURN
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GOTO 120, 203
GOTO Statement 120
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CIRCLE 28
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LINE 156
PAINT 236
POINT function 258
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PUT 281
VIEW 357
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H

HEXS$ 122
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I/O control 139

IF 123
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Illegal direct A-10
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indent 340
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INP 129
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INPUT 130
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[OCTL$ Function 141

J
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KEY 142
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KILL 150
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LEFTS$ 152
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LEN 153
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length of file 175
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LET 154
LET Statement 154
light pen 209, 247
LINE 156
Line buffer overflow A-12
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line feed 222
LINE INPUT 160
LINE INPUT # 161
LINE INPUT # Statement 161
LINE INPUT Statement 160
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LIST 163
LIST Command 163
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on disk 102
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LLIST 166
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LOC 170
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LOCATE 172
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LOF 175
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LOG 177
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Statements 182
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messages Appendix A
MID$ 186
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MKDIR 189

MKDIR Command 189
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MOTOR 193

MOTOR Statement 193

music 250, 324
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NAME 194

NAME Command 194

NEW 196

NEW Command 196
newnum 293

NEXT 106

NEXT without FOR A-12
No RESUME A-12
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number of notes in buffer 255

O

OCTS$ 197
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octal 197

offset 62, 66

oldnum 293
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ON COM(n) Statement 198
ON ERROR 201
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ON KEY(n) 205

ON KEY(n) Statement 205
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ON PEN Statement 209
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ON PLAY(n) Statement 211
ON STRIG(n) 214
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ON TIMER Statement 217
ON TIMER(n) 217
ON-GOSUB 203
ON-GOSUB and ON-GOTO
Statements 203
ON-GOTO 203

OPEN 220

OPEN "COM. ..
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OPEN “COM. .. 226, C-6
OPEN Statement 220
opening files 220

opening paths 220
OPTION BASE 233
OPTION BASE
Statement 233

OUT 234

Out of data A-12

Out of memory A-13

Out of paper A-13

Out of string space A-13
OUT Statement 234
output file mode 220

Overflow A-13

overlay 20

P

page, active 313

page, visual 313

PAINT 236

PAINT Statement 236
paint tiling 243

palette 43
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Path not found A-14
Path/file access error A-14
paths 23

paths, opening 220
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PEEK 246

PEEK Function 246
PEN 247

PEN OFF Statement 248
PEN ON Statement 248
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PEN Statement and
Function 247

physical coordinates 370
PLAY 250

PLAY Statement 250
PLAY(n) 255

PLAY(n) Function 255
plus sign 269

PMAP 256

PMAP Function 256
POINT 258

POINT Function 258
POKE 261

POKE Statement 246, 261
POS 262

POS Function 262
position in string 137
position of file 170
positioning the cursor 172
precision 64

PRESET 277

PRINT 263

PRINT # 273

PRINT # and PRINT # USING
Statements 273
PRINT # USING 273
print formatting 267
PRINT Statement 263
PRINT USING 267
PRINT USING Statement 267
print zones 263

printing 179

program stop 331
protected files 308
protection option 309
PSET 277
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Statements 277
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PUT Statement (Files) 279
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R

random files 99, 113, 220
random numbers 286, 303
RANDOMIZE 286
RANDOMIZE Statement 286
READ 55, 289

READ Statement 289

recl setting 220

Redo 131
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REM 291

REM Statement 291
remarks 291

removing a directory 301
RENAME 194

Rename across disks A-14
renaming files 194
RENUM 21, 94, 293
RENUM Command 293
renumber program lines 293
repeating a string 337
RESET 295

RESET Command 295
RESTORE 296
RESTORE Statement 290,
296

RESUME 297

resume execution 48
RESUME Statement 297
RESUME without error A-15
RETURN 118, 299
RETURN Statement 299
RETURN without

GOSUB A-15
reverse image characters 40
RIGHTS 300



RIGHTS Function 300
right-justify 182
RMDIR 301

RMDIR Command 301
RND 303

RND Function 303
rounding to an integer 27
RSET 182

RUN 306

RUN Command 306

S

SAVE 308

SAVE Command 308
saving binary data 15
scan codes Appendix E, E-1
SCREEN Function 310
screen shifting 234
SCREEN Statement 312
seeding random number
generator 286

segment of storage 62
sequential files 220
SGN 316

SGN Function 316
SHELL 317

SHELL Statement 317
shifting screen image 234
sign of a number 316
SIN 322

SIN Function 322

sine 322

single precision 51

soft keys 142

SOUND 323

SOUND Statement 323
sounds 10, 250, 323
space 370

SPACES$ 326
SPACES$ Function 326
spaces 264
SPC 327
SPC Function 327
SQR 328
SQOR Function 328
square root 328
stack space 32
STEP 106
STICK 329
STICK Function 329
STOP 331
STOP Statement 331
STR$ 333

converting from number to

string 333
STRS Function 333
STRIG 334
STRIG Statement and
Function 334
STRIG(n) 336
STRIG(n) Statement 336
String formula too
complex A-15
string space 32, 111
String too long A-15
STRINGS 337
STRINGS Function 337
subroutines 118, 203
Subscript out of range A-15
subscripts 70, 233
substring 152, 186, 300
summary of changes v
superimpose image 282
SWAP 338
SWAP Statement 338
Syntax error A-16
SYSTEM 339
SYSTEM Command 339
system functions A-15
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TAB 340
TAB Function 340
TAN 341
TAN Function 341
tangent 341
tempo table 325
terminating BASIC 339
THEN 123
tile painting 243
tiling 237, 238
TIMES$ 342
TIMES$ Variable and
Statement 342
time, duration 323
TIMER 344
TIMER Function 344
tokenized format 309
Too many files A-16
trace 345
transfer image 282
trapping, communications 46
tree-structured directories
changing 23
triggers, joystick 334
trigonometric functions
arctangent 6
cosine 50
trigonometric sine 322
trigonometric tangent 341
TROFF 345
TRON 345
TRON and TROFF
Commands 345
true or false 310
truncation 105, 138
Type mismatch A-16
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Undefined line number A-16
Undefined user function A-17
underflow A-14

underlined characters 40
Unprintable error A-17

user workspace 32, 111
user-defined functions 59
USR 66, 346

USR Function 346

\%

VAL 352

VAL Function 352
VARPTR 353

VARPTR Function 353
VARPTRS Function 355
VIEW 357

VIEW Statement 357,370
visual page 313

vpage 313

W

WAIT 362

WAIT Statement 362

WEND 364

WEND without WHILE A-17
WHILE 364

WHILE and WEND
Statements 364

WHILE without WEND A-17
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WIDTH 366

WIDTH Statement 265, 366
WINDOW 357, 370
WINDOW Statement 370
workspace 32, 111

world coordinates 370
WRITE 375

WRITE # 377

WRITE # Statement 377
WRITE Statement 375
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You cannot SHELL to
Basic A-17

Z

zones, print 263
zooming 373
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