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Variable Contains the address of the
ConStPtr ConSt function

ConInPtr Conln function

ConOutPtr ConOut procedure

LstOutPtr LstOut procedure

AuxOutPtr AuxQut procedure

AuxInPtr : AuxIn function

UsrOutPtr UsrOut procedure

UsrInPtr UsrIn function

A user-defined driver procedure or driver function must match the
definitions given above. That is, a ConSt driver must be a Boolean
function, a Conln driver must be a Char function, etc.

22.15. EXTERNAL SUBPROGRAMS

The reserved word external is used to declare external procedures

and functions, typically procedures and functions written in machine
code.

An external subprogram has no block, i.e., no declaration part and no
statement part. Only the subprogram heading is specified, immediately
followed by the reserved word external and an integer constant
defining the memory address of the subprogram:

procedure DiskReset; external $EC00;
function IOstatus: boolean; external $D123

Parameters may be passed to external subprograms, and the syntax is
exactly the same as that of calls to ordinary procedures and functions:

procedure Plot(X,Y: Integer); external $F003;
procedure QuickSort(var List: PartNo); external $1C00;

Parameter passing to external subprograms is discussed further on
page 165.



CP/M-80 Page 157

22.16. IN-LINE MACHINE CODE

TURBO Pascal features the inline statement as a very convenient way
of inserting machine-code instructions directly into the program text.
An inline statement consists of the reserved word inline followed by
one or more code elements separated by slashes and enclosed in
parentheses.

A code element is built from one or more data elements, separated by
plus (*) or minus (-} signs. A data element is either an integer constant,
a variable identifier, a procedure identifier, a function identifier, or a
location counter reference. A location counter reference is written as
an asterisk (*).

Example:
inline (10/$2345/count*1/sort-*+2);

Each code element generates one byte or one word (two bytes) of
code. The value of the byte or the word is calculated by adding or
subtracting the values of the data elements according to the signs that
separate them. The value of a variable identifier is the address {(or
offset) of the variable. The value of a procedure or function identifier
is the address (or offset) of the procedure or function. The value of a
location counter reference is the address (or offset) of the location
counter, i.e., the address at which to generate the next byte of code.

A code element will generate one byte of code if it consists of
integer constants only, and if its value is within the 8-bit range
(0..255). If the value is outside the 8-bit range, or if the code element
refers to variable, procedure, or function identifiers, or if the code
element contains a location counter reference, one word of code is
generated (least significant byte first).

The ‘<’ and ">’ characters may be used to override the automatic size
selection described above. If a code element starts with a ‘<’
character, only the least significant byte of the value is coded, even if
it is a 16-bit value. If a code element starts with a >’ character, a
word is always coded, even though the most significant byte is zero.

Example:
inline, (<$1234/>%$44);
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This inline statement generates three bytes of code: $34, $44, $00.

The following example of an inline statement generates machine code
that will convert all characters in its string arugment to upper case.

procedure UpperCase (var Strg: Str); {Str is type string(2551}

{$A+}
begin :
inline ( $2A/Strg/ { LD  HL,(Strg) }
$46/ { LD B,HL) }
$04/ { INC B }
$05/ {L1 DEC B }
$CA/*+20/ { P Z, L2 }
$23/ { INC HL ¥
$7E/ { WD A/HD }
$FE/$61/ { CP ‘a’ }
$DA/*-9/ { P C,L1 }
$FE/$7B/ | CP ‘z'+1 }
$D2/*-14/ { JP NC,L1 }
$D6/$20/ { suB 20H }
$77/ { LD (HL),A }
$C3/*-20); { P L1 }
{L2: EQU $ }

end;

Inline statements may be freely mixed with other statements
throughout the statement part of a block, and inline statements may
use all CPU registers. Note, however, that the contents of the stack
pointer register (SP) must be the same on exit as on entry.

22.17. INTERRUPT HANDLING

The TURBO Pascal run-time package and the code generated by the
compiler are both fully interruptable. Interrupt service routines must -
preserve all registers used.

If required, .interrupt service procedures may be written in Pascal.
Such procedures should always be compiled with the A compiler
directive active ({$§A+}), they must not have parameters, and they
must themselves insure that all registers used are preserved. This is
done by placing an inline statement with the necessary PUSH
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instructions at the very beginning of the procedure, and another inline
statement with the corresponding POP instructions at the very end of
the procedure. The last instruction of the ending inline statement
should be an El instruction ($FB) to enable further interrupts. If daisy-
chained interrupts are used, the inline statement may also specify a
RETI instruction ($ED, $4D), which will override the RET instruction
generated by the compiler.

The general rules for register usage are that integer operations use
only the AF, BC, DE, and HL registers (other operations may use IX
and 1Y), and real operations use the alternate registers.

An interrupt service procedure should not employ any I/O operations
using the standard procedures and functions of TURBO Pascal, as
these routines are not re-entrant. Also note that BDOS calls (and in
some instances BIOS calls, depending on the specific CP/M
implementaion) should not be performed from interrupt handlers, as
these routines are not re-entrant.

]The programmer may disable and enable interrupts throughout a
program using DI and El instructions generated by inline statements.

If mode 0 (IM 0) or mode 1 (IM 1) interrupts are employed, it is the
responsibility of the programmer to initialize the restart locations in the .
base page (note that RST 0 cannot be used, as CP/M uses locations 0
through 7).

If mode 2 (IM 2) interrupts are employed, the programmer should
generate an initialized jump table (an array of integers) at an absolute
address, and initialize the | register through a inline statement at the
beginning of the program.

22.18. INTERNAL DATA FORMATS-

In the following descriptions, the symbol @ denotes the address of the
first byte occupied by a variable of the given type. The standard
|function Addr may be used to obtain this value for any variable.
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22.18.1. BASIC DATA TYPES

The basic data types may be grouped into structures (arrays, records,
and disk files), but this structuring will not affect their internal formats.

22.18.1.1. SCALARS

The following scalars are all stored in a single byte: Integer subranges
with both bounds in the range 0..255, Booleans, Chars, and declared
scalars with less than 256 possible values. This byte contains the
ordinal value of the variable.

The following scalars are all stored in two bytes: Integers, Integer
subranges with one or both bounds not within the range 0..255, and
declared scalars with more than 256 possible values. These bytes
contain a 2’s complement 16-bit value with the least significant byte
stored first.

22.18.1.2. REALS

Reals occupy 6 bytes, giving a floating point value with a 40-bit
mantissa and an 8-bit 2’s exponent. The exponent is stored in the first
byte and the mantissa in the next five bytes with the least significant
byte first:

@ Exponent
@+ 1 LSB of mantissa
@+5 MSB of mantissa

The exponent uses binary format with an offset of $80. Hence, an-
exponent of $84 indicates that the value of the mantissa is to be
multiplied by 2°($84-$80) = 2°4 = 16. If the exponent is zero, the
floating point value is considered to be zero.

The value: of the mantissa is obtained by dividing the 40-bit unsigned
integer by 2°40. The mantissa is always normalized, i.e., the most
significant bit (bit 7 of the fifth byte) should be interpreted as a 1. The
sign of the mantissa is stored in this bit, a 1 indicating that the number
is negative, and a 0 indicating that the number is positive.
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22.18.1.3. STRINGS

A string occupies the number of bytes corresponding to one plus the
" maximum length of the string. The first byte contains the current
length of the string. The following bytes contain the actual characters,
with the first character stored at the lowest address. In the table
shown below, L denotes the current length of the string, and Max
denotes the maximum length: :

@ Current length(L)
@+ 1 First character
@+ 2 Second character
@+ L Last character
@-+L+ 1 Unused

@ + Max Unused

22.18.1.4. SETS

An element in a set occupies one bit, and as the maximum number of
elements in a set is 256, a set variable will never occupy more than 32
bytes (256/8).

If a set contains less than 256 elements, some of the bits are bound to
be zero at all times and need therefore not be stored. In terms of
memory efficiency, the best way to store a set variable of a given
type would then be to “cut off” all insignificant bits, and rotate the
remaining bits so that the first element of the set would occupy the
first bit of the first byte. Such rotate operations, however, are quite
slow, and TURBO therefore employs a compromise: only bytes which
are statically zero (i.e., bytes of which no bits are used) are not
stored. This method of compression is very fast and in most cases as
memory-efficient as the rotation method.

The number of bytes occupied by a set variable is calculated as (Max
div 8) - (Min div 8) + 1, where Max and Min are the upper and lower
bounds of the base type of that set. The memory address of a
specific element E is:
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MemAddress = @ + (E div 8) - (Min div 8)
and the bit address within the byte at MemAddress is:
BitAddress = E mod 8
where E denotes the ord?nal value of the element.

22.18.1.5. FILE INTERFACE BLOCKS

The table below shows the format of a file interface block:

@-+90 Flags byte.

@ + 1 Character buffer.

@+ 2 Sector buffer pointer (LSB).
@+3 Sector buffer pointer (MSB).
@+ 4 Number of records (LSB).
@+5 Number of records (MSB).
@+6 Record length (LSB).

@-+7 Record length (MSB).

@-+38 Current record (LSB).

@+9 Current record (MSB).

@+ 10 Unused.
@+ 11 Unused.
@+ 12 First byte of CP/M FCB.

@ + 47 Last byte of CP/M FCB.
@ + 48 First byte of sector buffer.

@+ 175 Last byte of sector buffer.
The format of the flags byte at @ + 0 is:

Bit 0.3  File type.

Bit 4 Read semaphore.
Bit 5 Write semaphore.
Bit 6 Output flag.

Bit 7 Input flag.

- File type 0 denotes a disk file, and 1 through 5 denote the TURBO
Pascal logical I/0 devices (CON:, KBD:, LST:, AUX:, and USR:). For
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typed files, bit 4 is set if the contents of the sector buffer are
undefined, and bit 5 is set if data has been written to the sector
buffer. For text files, bit 5§ is set if the character buffer contains a
pre-read character. Bit 6 is set if output is allowed, and bit 7 is set if
input is allowed.

The sector buffer pointer stores an offset (0..127) in the sector buffer
at @ + 48. For typed and untyped files, the three words from @ + 4 to
@ + 9 store the number of records in the file, the record length in
bytes, and the current record number. The FIB of an untyped file has
no sector buffer, and so the sector buffer ponter is not used.

When a text file is assigned to a logical device, only the flag’s byte
and the character buffer are used.

22.18.1.6. POINTERS

A pointer consists of two bytes containing a 16-bit memory address,
and it is stored in memory using the byte-reversed format, i.e., the
least significant byte is stored first. The value nil corresponds to a
zero word. '

22.18.2. DATA STRUCTURES

Data structures are built from the basic data types using various
structuring methods. Three different structuring methods exist:
arrays, records, and disk files. The structuring of data does not in any
way affect the internal formats of the basic data types. o

22.18.2.1. ARRAYS

The components with the lowest index values are stored at the
lowest memory address. A multi-dimensional array is stored with the
rightmost dimension. increasing first, e.g., given the array

Board: array[1..8, 1..8] of Square

you have the following memory layout of its components:
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Lowest address: Board [1,1]
Board [1,2]

. Board [1,8]
Board [2,1]
Board [2,2]

Highest address: Board [8,8]

22.18.2.2. RECORDS

The first field of a record is stored at the lowest memory address. If:
the record contains no variant parts, the length is given by the sum of
the lengths of the individual fields. If a record contains a variant, the
total number of bytes occupied by the record is given by the length of
the fixed part plus the length of the largest of its variant parts. Each
variant starts at the same memory address.

¢

22.18.2.3. DISK FILES

Disk files are different from other data structures in that data is not
stored in internal memory but in a file on an external device. A disk
file is controlled through a file interface block (FIB) as described on
page 162. In general there are two different types of disk files:
random-access files and text files.

22.18.2.3.1. RANDOM-ACCESS FILES

A random-access file consists of a sequence of records, all of the
same length and same internal format. . To optimize the file-storage
capacity, the records of a file are totally contiguous. The first four
bytes of the first sector of a file contains the number of records in the
file and the length of each record in bytes. The record of the file is
stored starting at the fourth byte.

sector 0, byte 0: Number of records (LSB)
sector 0, byte 1: Number of records (MSB)
sector 0, byte 2: Record length (LSB)
sector 0, byte 3: Record length (MSB)
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22.18.2.3.2. TEXT FILES

The basic components of a text file are characters, but a text file is
subdivided into lines. Each line consists of any number of characters
ended by a CR/LF sequence (ASCli $0D/$0A). The file is terminated
by a Ctrl-Z (ASCIl $1A).

22.18.3. PARAMETERS

Parameters are transferred to procedures and functions via the Z-80
stack. Normally, this is of no interest to the programmer, as the
machine code generated by TURBO Pascal will automatically PUSH
parameters onto the stack before a call, and POP them at the
beginning of the subprogram. However, if the programmer wishes to
use external subprograms, these must POP the parameters from the
stack themselves.

On entry to an external subroutine, the top of the stack always
contains the return address (a word). The parameters, if any, are
located below the return address, i.e., at higher addresses on the
stack. Therefore, to access the parameters, the subroutine must first
POP off the return address, then all the parameters, and finally it must
restore the return address by PUSHing it back onto the stack.

22.18.3.1. VARIABLE PARAMETERS

With a variable (var) parameter, a word is transferred on the stack
giving the absolute memory address of the first byte occupied by the
actual parameter.

22.18.3.2. VALUE PARAMETERS

With value parameters, the data transferred on the stack depends
upon the type of the parameter, as described in the following sections.

22.18.3.2.1. SCALARS

Integers, Booleans, Chars and declared scalars are transferred on the
stack as a word. If the variable occupies only one byte when it is
stored, the most significant byte of the parameter is zero. Normally, a
word is popped from the stack using an instruction like POP HL.
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22.18.3.2.2. REALS

A real is transferred on the stack using six bytes. If these bytes are
popped using the instruction sequence:

POP HL
POP DE
POP BC

then L will contain the exponent, H the fifth (least significant) byte of
the mantissa, E the fourth byte, D the third byte, C the second byte,
and B the first (most significant) byte.

22.18.3.2.3. STRINGS

When a string is at the top of the stack, the byte pointed to by SP
contains the length of the string. The bytes at addresses SP + 1
through SP + n (where n is the length of the string) contain the string,
with the first character stored at the lowest address. The following
machine-code instructions may be used to pop the string at the top of
the stack and store it in StrBuf:

LD DE,StrBuf

LD HL,0
LD B,H
ADD HL,sP
LD C,(HL)
INC BC
LDIR

LD SP,HL

22.18.3.2.4. SETS

A set always occupies 32 bytes on the stack (set compression only
applies to the loading and storing of sets). The following machine
code instruction may be used to pop the set at the top of the stack
and store it in SetBuf:
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LD DE,SetBuf
LD HL,0

ADD  HL,SP

LD BC,32
LDIR

LD SP,HL

This will store the least significant byte of the set at the lowest
address in SetBuf. ‘

22.18.3.2.5. POINTERS

A pointer value is transferred on the stack as a word containing the
memory address of a dynamic variable. The value nil corresponds to a
zero word.

22.18.3.2.6. ARRAYS AND RECORDS

Even when used as value parameters, Array and Record parameters
are not actually pushed onto the stack. Instead, a word containing the
address of the first byte of the parameter is transferred. It is then the
responsibility of the subroutine to pop this word, and use it as the
source address in a block copy operation. ’

22.18.4. FUNCTION RESULTS

User-written external functions must return their results exactly as
specified in the following:

Values of scalar types must be returned in the HL register pair. If the
type of the result is expressed in one byte, then it must be returned in
L, and H must be zero .

Reals must be returned in the BC, DE, and HL register pairs. B, C, D, E,
and H must contain the mantissa (most significant byte in B), and L must

contain the exponent.

Strings and sets must be returned on the top of the stack in the
formats described on page 166.

Pointer values must be returned in the HL register pair.
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22.18.5. THE HEAP AND THE STACKS

As indicated by the memory maps in previous sections, three stack-like
structures are maintained during execution of a program: The heap,
the CPU stack, and the recursion stack.

The heap is used to store dynamic variables, and is controlled with the
standard procedures New, Mark, and Release. At the beginning of a
program, the heap pointer HeapPtr is set to the address of the bottom
of free memory, i.e., the first free byte after the object code.

The CPU stack is used to store intermediate results during evaluation
of expressions and to transfer parameters to procedures and functions.
An active for statement also uses the CPU stack, and occupies one
word. At the beginning of a program, the CPU-stack pointer StackPtr
is set to the address of the top of free memory.

The recursion stack is used only by recursive procedures and function,
i.e., procedures and functions compiled with the passive ({§A-}) A
compiler directive. On entry to a recursive subprogram it copies its
work space onto the recursion stack, and on exit the entire work
space is restored to its original state. The default initial value of
RecurPtr at the beginning of a program is 1K ($400) bytes below the
CPU-stack pointer.

Because of this technique, variables local to a subprogram must not be
used as var parameters in recursive calls.

The pre-defined variables

HeapPtr:  The heap pointer,
RecurPtr: The recursion-stack pointer, and
StackPtr: The CPU-stack pointer

allow the programmer to control the position of the heap and the
stacks.

The type of these variables is Integer. HeapPtr and RecurPtr may be
used in the same context as any other Integer variable, but StackPtr
may only be used in assignments and expressions.
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When these variables are manipulated, always make sure that they
point to addresses within free memory, and that:

HeapPtr < RecurPtr « StackPtr

Failure to adhere to these rules will cause unpredictable, perhaps fatal,
results. '

Needless to say, assignments to the heap and stack pointers must
never occur once the stacks or the heap are in use.

On each call to the procedure New, and on entering a recursive
procedure or function, the system checks for collision between the
heap and the recursion stack, i.e., checks whether HeapPtr is less than
RecurPtr. If not, a collision has occurred, which results in an execution
error.

Note that no checks are made at any time to insure that the CPU
stack does not overflow into the bottom of the recursion stack. For
this to happen, a recursive subroutine must call itself some 300-400
times, which must be considered a rare situation. If, however, a
program requires such nesting, the following statement executed at
the beginning of the program block will move the recursion stack
pointer downwards to create a larger CPU stack:

RecurPtr := StackPtr - 2 * MaxDepth - 512;

where MaxDepth is the maximum required depth of calls to the
recursive subprogram(s). The extra approximately 512 bytes are
needed as a margin to make room for parameter transfers and
intermediate results during the evaluation of expressions.

22.19. MEMORY MANAGEMENT
22.19.1. MEMORY MAPS

The following diagrams illustrate the contents of memory at different
stages of working with the TURBO system. Solid lines indicate fixed
boundaries (i.e., determined by amount of memory, size of your CP/M,
version of TURBO, etc.), whereas dotted lines indicate boundaries
which are determined at run-time (e.g., by the size of the source text,
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and by possible user manipulation of various pointers, etc.). The sizes
of the segments in the diagrams do not necessarily reflect the amounts
of memory actually consumed.

22.19.1.1. COMPILATION IN MEMORY

During compilation of a program in memory (Memory-mode on compiler
Options menu, see page 143), the memory is mapped as follows:

0000

CP/M and run-time workspace
Pascal Library

TURBO interface, editor,
and compiler

Error messages, optional

Source text

Object code growing upward

t Symbol table growing downward

¥ CPU stack growing downward

CP/M
HighMem

Figure 22-5: Memory map during compilation in memory

If the error-message file is not loaded when starting TURBO, the
source text starts that much lower in memory. When the compiler is
invoked, it generates object code working upwards from the end of
the source text. '
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The CPU stack works downwards from the logical top of memory, and
the compiler’s symbol table works downwards from an address 1K
($400 bytes) below the logical top of memory.

22.19.1.2. COMPILATION TO DISK

During compilation to a .COM or .CHN file (Com-mode or cHn-mode
on compiler Options menu, see page 143), the memory looks much as
during compilation in memory (see preceding section) except that
generated object code does not reside in memory but is written to a
disk file. Also, the code starts at a higher address (right after the
Pascal library instead of after the source text). Compilation of much
larger programs is thus possible in this mode.

0000

CP/M and run-time workspace
Pascal Library

TURBO interface, editor,
and compiler

Error messages, optional

Source text

t  Symbol table growing downward

Y CPU stack growing downward

CP/M
HighMem

Figure 22-6: Memory map during compilation to a file
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22.19.1.3. EXECUTION IN MEMORY

When a program is executed in direct, or memory mode (i.e., the
Memory-mode on compiler Options menu is selected, see page 143),
the memory is mapped as follows:

0000
CP/M and run-time workspace
Pascal Library

TURBO interface, editor,
and compiler
Error messages, optional

Source text

Object code

-------------- - =y Default initial value of HeapPtr
Heap growing upward

Recursion stack growing downward
------------ - = Default initial value of RecurPtr
CPU stack growing downward
--------------- - = Default initial state of StackPtr

*  Program var.s growing downward
CP/M
HighMem

Figure 22-7: Memory map during execution in direct mode

When a program is compiled, the end of the object code is known.
The heap pointer HeapPtr is set to this value by default, and the heap
grows from here and upwards in memory towards the recursion stack.
The maximum memory size is BDOS minus one (indicated on the
compiler Options menu). Program variables are stored from this
address and downwards.
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The end of the variables is the “top of free. memory”, which is the
initial value of the CPU stack pointer StackPtr. The CPU stack grows
downwards from here towards the position of the recursion stack
pointer RecurPtr, $400 bytes lower than StackPtr. The recursion stack
grows from here downwards towards the heap.

22.19.1.4. EXECUTION OF A PROGRAM FILE

When a program file is executed (either by the Run command with the
Memory mode on the compiler Options menu selected, by an eXecute
command, or directly from CP/M), the memory is mapped as follows:

0000

CP/M and run-time workspace
Pascal Library
Default program start address

Object code

Default initial value of HeapPtr
Heap growing upward

Recursion stack growing downward
t  Default initial value of RecurPtr
CPU stack growing downward
t  Default initial state of StackPtr

Program vars. growing downward
--------------- - = Default end address
Loader Maximum memory size

CcP/M
HighMem

Figure 22-8: Memory map during execution of a program file
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. This map resembles the previous, exept for the absence of the TURBO
interface, editor, and compiler (and possible error messages) and of
the source text. The default program start address (shown on the
compiler Options menu) is the first free byte after the Pascal runtime
library. This value may be manipulated with the Start address command
of the compiler Options menu, e.g., to create space for absolute
variables and/or external procedures between the library and the
code. The maximum memory size is BDOS minus one, and the default
value is determined by the BDOS location on the computer in use.

If programs are to translated for other systems, care should be taken
to avoid collision with the BDOS. The maximum memory may be
manipulated with the End address command of the compiler Options
menu. Notice that the default end address setting is approximately 700
to 1000 bytes lower than maximum memory. This is to allow space
for the loader, which resides just below BDOS when .COM files are
Run or eXecuted from the TURBO system. This loader restores the
TURBO editor, compiler, and possible error messages when the
program finishes, and thus returns control to the TURBO system.



Appendix A
STANDARD PROCEDURES AND FUNCTIONS

This appendix lists all standard procedures and functions available in
TURBO Pascal and describes their application, syntax, parameters, and
type. The following symbols are used to denote elements of various
types:

type any type

string any string type
file any file type
scalar any scalar type
pointer any pointer type

Where parameter type specification is not present, it means that the
procedure or function accepts variable parameters of any type.

A.1. INPUT/OUTPUT PROCEDURES AND FUNCTIONS

The following procedures use a non-standard syntax in their parameter
list:

procedure
Read (var F: file of type; var V: type);
Read (var F: text; var I. Integer);
Read (var F: text; var R: Real);
Read (var F: text; var C: Char);
Read (var F: text; var S: string);
Readin (var F: text);
Write (var F: file of type; var V: type);
Write (var F: text; I: Integer);
Write (var F: text; R: Real);
Write (var F: text; B: Boolean);
Write (var F: text; C: Char);
Write (var F: text; s: string);
Writeln (var F: text);
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A.2. ARITHMETIC FUNCTIONS

. function
Abs (I: Integer): Integer;
Abs (R: Real): Real;
ArcTan (R: Real): Real;
Cos (R: Real): Real;
Exp (R: Real): Real;
Frac (R: Real): Real;
Int (R: Real): Real;
Ln (R: Real): Real;
Sin (R: Real): Real;
Sgr (I Integer): Integer;
Sgr (R: Real): Real;
Sart (R: Real): Real;

A.3. SCALAR FUNCTIONS

function
Odd (I: Integer): Boolean;
Pred (X: scalar): scalar;
Succ (X: scalar): scalar;

A.4. TRANSFER FUNCTIONS

function
Chr (I: Integer): Char;
Ord (X: scalar): Integer;
Round (R: Real): Integer;
Trunc (R: Real): Integer;

A.5. STRING PROCEDURES AND FUNCTIONS

The Str procedure uses a non-standard syntax for its numeric
parameter.

procedure
Delete (var S: string; Pos, Len: Integer);
Insert (S: string; var D: string; Pos: Integer);
Str (I: Integer; var S: string);
Str (R: Real; var S: string);
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Val (S: string; var R: Real; var P: Integer);
Val (S: string; var |, P: Integer);

function
Concat (S1, S2, .., Sn: string): string;
Copy (S: string; Pos, Len: Integer): string;
Length (S: string): Integer;
Pos (Pattern, Source: string): Integer;

A.6. FILEFHANDLING ROUTINES

procedure
Append (var F: file; Name: string);
Assign (var F: file; Name: string);
BlockRead (var F: file; var Dest: Type; Num: Integer);
BlockWrite (var F: file; var Dest: Type; Num: Integer);
Chain (var F: file);
Close (var F: file);
Erase (var F: file);
Execute (var F: file);
Rename (var F: file; Name: string);
Reset (var F: file);
Rewrite (var F: file);
Seek (var F: file of type; Pos: Integer);

function
Eof (var F: file). Boolean;
Eoln (var F: Text): Boolean;
FilePos (var F: file of type): Integer;
FilePos (var F: file): Integer;
FileSize (var F: file of type): Integer;
FileSize (var F: file): Integer;
SeekEof (var F: file): Boolean;
SeekEoln (var F: Text): Boolean;

A.7. HEAP-CONTROL PROCEDURES AND FUNCTIONS

procedure
Dispose (var P: pointer);
FreeMem (var P: pointer, |: Integer);
GCetMem (var P: pointer, [: Integer);
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Mark (var P: pointer);
New (var P: pointer);
Release (var P: pointer);

function
MaxAvail: Integer;
MemAvail: Integer;
Ord (P: pointer): Integer;
Ptr (I Integer): pointer;

A.8. SCREEN-RELATED PROCEDURES AND FUNCTIONS

procedure
CrtExit;
Crtlnit;
ClrEol;
CirScr;
Delline;
GotoXY (X, Y: Integer);
InsLine;
LowVideo;
NormVideo;

A.9. MISCELLANEOUS PROCEDURES AND FUNCTIONS

procedure
Bdos (Func,Param: Integer);
Bios (Func,Param: Integer);
Delay (mS: Integer);
FillChar (var Dest,Length: integer; Data: Char);
FillChar (var Dest,Length: Integer; Data: Byte);
Halt; k
Move (var Source,Dest: type; Length: Integer);
Randomize;

function
Addr (var Variable): Integer;
Addr (<function identifier>): Integer;
Addr (<procedure identifier>): Integer;
Bdos (Func, Param: Integer): Byte;
BdosHL (Func, Param: Integer): Integer;
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Bios (Func,Param: Integer): Byte;
BiosHL (Func,Param: Integer): Integer;
Hi (I Integer): Integer;

10result: Boolean;

KeyPressed: Boolean;

Lo (I: Integer): Integer;
ParamCount: Integer;

ParamStr (N: Integer): string;
Random (Range: Integer): Integer;
Random: Real;

SizeOf (var Variable): Integer;
SizeOf (<type identifier>): Integer;
Swap (I: Integer): Integer;

UpCase (Ch: Char): Char;
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SUMMARY QF OPERATORS

The following table summarizes aill operators of TURBO Pascal. The
operators are grouped in order of descending precedence. Where
Type of operand(s) is indicated as Integer, Real, the result is as follows:

Operands Result
Integer, Integer Integer
Real, Real Real
Real, Integer Real
Type of Type of
Operator Operation operana(s) result
+ unary sign identity Integer, Real as operand
- unary sign inversion Integer, Real as operand
not negation Integer, Boolean as operand
* multiplication Integer, Real Integer, Real
set intersection any set type as operand
/ division Integer, Real Real
div Integer division Integer Integer
mod modulus Integer Integer
and arithmetical and Integer Integer
logical and Boolean Boolean
shi shift left Integer ~ Integer
shr shift right Integer Integer
+ addition Integer, Real Integer,Real
concatenation string string
set union any set type as operand
- subtraction Integer, Real Integer, Real
set difference any set type as operand
or arithmetical or Integer Integer
logical or Boolean Boolean
xor arithmetical xor Integer Integer
logical xor Boolean Boolean
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Type of Type of
Operator Operation operand(s) result
= equality any scalar type Boolean
equality string Boolean
equality any set type Boolean
equality any pointer type Boolean
<> inequality any scalar type Boolean
inequality string Boolean
inequality any set type Boolean
inequality any pointer type Boolean
>= greater or equal any scalar type Boolean
greater or equal string Boolean
set inclusion any set type Boolean
<= less or equal any scalar type Boolean
less or equal string Boolean
set inclusion any set type Boolean
> greater than any scalar type Boolean
greater than string Boolean
< less than any scalar type Boolean
less than string Boolean
in set membership see below Boolean

The first operand of the in operator may be of any scalar type, and
the second operand must be a set of that type.



Appendix C
SUMMARY OF COMPILER DIRECTIVES

A number of features of the TURBO Pascal compiler are controlled
through compiler directives. A compiler directive is introduced as a
comment with a special syntax. Whenever a comment is allowed in a
program, a compiler directive is also allowed.

A compiler directive consists of an opening bracket immediately
followed by a dollar sign immediately followed by one compiler
directive letter or a list of compiler directive letters separated by
commas, ultimately terminated by a closing bracket.

Examples:

{$1-}

{$! INCLUDE FiL}
{$B-,R+,V-}
(*$U+*)

Notice that no spaces are allowed before or after the dollar sign. A
plus sign after a directive indicates that the associated compiler
feature is enabled (active), and a minus sign indicates that is disabled
(passive).

C.1. IMPORTANT NOTICE

All compiler directives have default values. These have been
chosen to optimize execution speed and minimize code size.
For example, code generation for recursive procedures and
index checking has been disabled. Check below to make sure
that your programs include the required compiler directive
settings! )

C.2. A - ABSOLUTE CODE
Default: A+

The A directive controls generation of absolute, i.e., non-recursive,
code. - When active, {$§A+*}, absolute code is generated. When
passive, {$A-}, the compiler generates code which allows recursive
calls. - This code requires more memory and executes more slowly.
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C.3. B — 170 MODE SELECTION
Default: B+

The B directive controls input/output mode selection. When active,
{$B+}, the CON: device is assigned to the standard files Input and
Output, i.e., the default input/output channel. The TRM: device is used
when the directive is passive, {$B-}. This directive.is global to an
entire program block and cannot be re-defined locally. See pages
92 and 95 for further details.

C.4. C — CTRL-C AND CTRL-S
Default: C+

The C directive controls interpretation of control characters during
console I/0O. When active, {$C+}, a Ctrl-C entered in response to a
Read or Readin statement will interrupt program execution, and a Ctrl-
S will toggle screen output off and on. When passive, {$C-}, control
characters are not interpreted. The active state slows screen output
somewhat, so if screen output speed is imperative, you should switch
off this directive. This directive is global to an entire progam
block and cannot be redefined locally.

C.5. | = I/O ERROR HANDLING
Default: I+

The | directive controls I/O error handling. When active, {$i+}, all 1/O
operations are checked for errors. When passive, {$l-}, it is the
responsibility of the programmer to check I/O errors through the
standard function IOresult. See page 103 for further details.

C.6. | — INCLUDE FILES

The | directive followed by a file name instructs the compiler to include
the file with the specified name in the compilation. Include files are
discussed in detail in Chapter 17.
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C.7. R — INDEX RANGE CHECK
Default: R-

The R directive controls run-time index checks. When active, {$R+},
all array-indexing operations are checked to be within the defined
bounds, and all assignments to scalar and subrange variables are
checked to be within range. When passive, {$R-}, no checks are
performed, and index errors may weill cause a program to go haywire.
It is a good idea to activate this directive while developing a program.
Once debugged, execution will be speeded up by setting it passive
(the default state).

C.8. U — USER INTERRUPT
Default: uU-

The U directive controls user interrupts. When active, {$U+}, the user
may interrupt the progam any time during execution by entering a Ctrl~
C. When passive, {$U-}, this has no effect. Activating this directive
will slow down execution speed significantly.

C9. V — VAR-PARAMETER TYPE CHECKING
Default: V+

The V compiler directive controls type checking on strings passed as
var parameters. When active, {§V+}, strict type checking is
performed, i.e., the lengths of actual and formal parameters must
match. When passive, {$V-}, the compiler allows passing of actual’
parameters which do not match the length of the formal parameters.
See page 150 for further details.

C.10. W — NESTING OF WITH STATEMENTS
Default: W2

The W directive controls the level of nesting of With statements, i.e.,
the number of records which may be “opened” within one block. The
W must be immediately followed by a digit between 1 and 9. For
further details, please refer to page 70.
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C.11. X — ARRAY OPTIMIZATION
Default: X+

The X directive controls array optimization. When active, {$X+},
code generation for arrays is optimized for maximum speed. When
passive, {$X-}, the compiler minimizes the code size instead. This is
discussed further on page 65.



Appendix’ D
TURBO VS. STANDARD PASCAL

The TURBO Pascal language follows the Standard Pascal defined by
Jensen and Wirth in their User Manual and Report, with only minor
differences introduced for the sheer purpose of efficiency. These
differences are described in the following. Notice that the extensions
offered by TURBO Pascal are discussed.

D.1. DYNAMIC VARIABLES

The procedure New will not accept variant record specifications. This
restriction, however, is easily circumvented by using the standard
procedure GetMem.

D.2. RECURSION

Because of the way local variables are handled during recursion, a
variable local to a subprogram must not be passed as a var parameter
in recursive calls.

D.3. CET AND PUT ’

The standard procedures Get and Put are not implemented. Instead,
the Read and Write procedures have been extended to handle all I/0
needs. There are three reasons for this: First, Read and Write give
much faster I/O; second, variable-space overhead is reduced as file-
buffer variables are not required; and third, the Read and Write
procedures are far more versatile and easier to understand than Get
and Put.

D.4. GOTO STATEMENTS
A goto statement must not leave the current block.

D.5. PAGE PROCEDURE

The standard procedure Page is not implemented, as the CP/M
operating system does not define a form-feed character.
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D.6. PACKED VARIABLES

The reserved word packed has no effect in TURBO Pascal, but it is
still allowed. This is because packing occurs automatically whenever
possible. For the same reason, standard procedures Pack and Unpack
are not implemented.

D.7. PROCEDURAL PARAMETERS

Procedures and functions cannot be passed as parameters.
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COMPILER ERROR MESSAGES

The following is a listing of error messages you may get from the

compiler.

When encountering an error, the compiler will always print

the error number on the screen. Explanatory texts will only be issued
if you have included error messages (answer Y to the first question

when you start TURBO).

Many error messages are totally self-explanatory, but some need a
little elaboration as provided in the following.

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
20
21
22
23
24
25
26
27
28
29

o’

;' expected

o’

:* expected
‘,’ expected
‘(* expected
‘Y expected
‘=’ expected
expected
[’ expected
‘T expected

.* expected
..” expected

=’

’em?

.

BEGIN expected

DO expected

END expected

OF expected

PROCEDURE or FUNCTION expected

THEN expected

TO or DOWNTO expected
Boolean expression expected

File variable expected

Integer constant expected
Integer expression expected
Integer variable expected

Integer or real constant expected
Integer or real expression expected
Integer or real variable expected
Pointer variable expected

Record variable expected
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30

31
32
33
34
35
36
37
40

41

42

43

44

45
46
47

48

49

50
51

Simple type expected
Simple types are all scalar type, except real.

Simple expression expected

String constant expected

String expression expected

String variable expected

Textfile expected

Type identifier expected

Untyped file expected

Undefined label
A statement references an undefined label.

Unknown identifier or syntax error
Unknown label, constant, type, variable, or field identifier,
or syntax error in statement.

Undefined pointer type in preceding type definitions
A preceding pointer type definition contains a reference
to an unknown type identifier.

Duplicate identifier or label
This identifier or label has already been used within the
current block.

Type mismatch
1) Incompatible types of the variable and the expression in
an assignment statement. 2) Incompatible types of the
actual and the formal parameters in a call to a subprogram.
3) Expression type incompatible with index type in array
assignment. 4) Types of operands in an expression are not
compatible.

Constant out of range

Constant and CASE selector type does not match

Operand type(s) does not match operator
Example: ‘A’ div ‘2’

Invalid result type
Valid types are all scalar types, string types, and pointer
types.

Invalid string length
The length of a string must be in the range 1.255.

String constant length does not match type

Invalid subrange base type
Valid base types are all scalar types, except real.
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52

53

54
55

56

57

58
60
61
62
63
64
65
66

67
68

69
70

71

72

Lower bound > upper bound
The ordinal value of the upper bound must be greater than
or equal to the ordinal value of the lower bound.
Reserved word '
These may not be used as identifiers.
lllegal assignment
String constant exceeds line
String constants must not span lines.
Error in integer constant
An Integer constant does not conform to the syntax
described in page 35, or it is not within the Integer range
-32768..32767. Whole Real numbers should be followed
by-a decimal point and a zero, e.g., 123456789.0.
Error in real constant
The syntax of Real constants is defined on page 35.
llegal character in identifier
Constants are not allowed here
Files and pointers are not allowed here
Structured variables are not allowed here
Textfiles are not allowed here
Textfiles and untyped files are not allowed here
Untyped files are not allowed here
/0 not allowed here
Variables of this type cannot be input or output.
Files must be VAR parameters
File components may not be files
file of file constructs are not allowed.
Invalid ordering of fields
Set base type out of range .
The base type of a set must be a scalar with no more than
256 possible values or a subrange with bounds in the range
0..255.
Invalid GOTO )
A goto cannot reference a label within a for loop from
outside that for loop.
Label not within current block
A goto statement.cannot reference a label outside the
current block. ‘
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73

74
75

76

77

90

91

92
93
97

98

99

Undefined FORWARD procedure(s)
A subprogram has been forward declared, but the body
never occurred.

INLINE error

llegal use of ABSOLUTE
1) Only one identifier may appear before the colon in an
absolute variable declaration. 2) The absolute clause
may not be used in a record.

Overlays can not be forwarded
The forward specification cannot not be used in
connection with overlays.

Overlays not allowed in direct mode
Overlays can only be used from programs compiled to a
file.

File not found
The specified include file does not exist.

Unexpected end of source
Your program cannot end the way it does. The program
probably has more begins than ends.

Unable to create overlay file

Invalid compiler directive

Too many nested WITHs
Use the W compiler directive to increase the maximum
number of nested WITH statements. Default is 2.

Memory overflow
You are trying to allocate more storage for variables than
is available.

Compiler overflow
There is not enough memory to compile the program. This
error may occur even if free memory seems to exist; it is,
however, used by the stack and the symbol table during
compilation. Break your source text into smaller segments
and use include files.



Appendix F
RUN-TIME ERROR MESSAGES

Fatal errors at run time halt a program and display:

Run-time error NN, PC=addr
Program aborted

where NN is the run-time error number, and addr is the address in the
program code where the error occured. In the following explanations
of all run—time error numbers, notice that the numbers are hexadecimal!

01
02
03
04

10

11

0

91

92

FO
FF

Floating point overflow.

Division by zero attempted.

Sqrt argument error.
The argument passed to the Sgrt functiion was negative.

Ln argument error.
The argument passed to the Ln function was zero or
negative.

String length error.
1) A string concatenation resulted in a string of more than
255 characters. 2) Only strings of length 1 can be
converted to a character.

Invalid string index.
Index expression is not within 1.255 with Copy, Delete, or
Insert procedure calls.

index out of range.
The index expression of an array subscript was out of
range. :

Scalar or subrange out of range.
The value assigned to a scalar or a subrange variable was
out of range.

Out of integer range.
The real value passed to Trunc or Round was not within
the Integer range -32768..32767.

Overlay file not found.

Heap/stack collision.
A call was made to the standard procedure New or to a
recursive subprogram, and there is insufficient free
memory between the heap pointer (HeapPtr) and the
recursion stack pointer (Recurptr).
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I/0O ERROR MESSAGES

An error in an input or output operation at run time causes in an |I/O
error. If I7/0 checking is active (I compiler directive active), an I/0O
error causes the program to halt and the following error message is
displayed:

I/0O error NN, PC=addr
Program aborted

Where NN is the 1/0 error number, and addr is the address in the
program code where the error occured.

If 1/0-error checking is passive ({$1-}), an I/O error will not cause the
program to halt. Instead, all further I/O is suspended until the result of
the I/O operation has been examined with the standard function
IO0result. 1f 1/0 is attempted before IOresult is called after an error, a
new error occurs, possibly hanging the program.

In the following explanations of all run-time error numbers, notice that
the numbers are hexidecimalt

01 File does not exist.
The file name used with Reset, Erase, Rename, Execute, or
Chain does not specify an existng file.

02 File not open for input.
1) You are trying to read (with Read or Readln) from a file
without a previous Reset or Rewrite. 2) You are trying to
read from a text file which was prepared with Rewrite
(and thus is empty). 3) You are trying to read from the
logical device LST:, which is only for output.

03 File not open for output.
1) You are trying to write (with Write or Writeln) to a file
without a previous Reset or Rewrite. 2) You are trying to
read from a text file which was prepared with Reset. 3)
You are trying to write to the logical device KBD:, which
is an input-only device.

04 File not open.
You are trying to access (with BlockRead or BlockWrite) a
file without a previous Reset or Rewrite.
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10

20

21

22
0

91
99

FO

F1

F2

F3
FF

Error in numeric format.
The string read from a text file into a numeric variable
does not conform to the proper numeric format (see page
35). '

Operation not allowed on a logical device.
You are trying to Erase, Rename, Execute, or Chain a file
assigned to a logical device.

Not allowed in direct mode.
Programs cannot be Executed or Chained from a program
running in direct mode (i.e. a program activated with a Run
command while the Memory compiler option is set).

Assign to std files not allowed.

Record length mismatch.
The record length of a file variable does not match the file
you are trying to associate it with.

Seek beyond end-of-file.

Unexpected end-of-file.
1) Physical end-of-file encountered before EOF character
(Ctrl-Z) when reading from a text file. 2) An attempt was
made to read beyond end-of-file on a defined file. 3) A
Read or BlockRead is unable to read the next sector of a
defined file. Something may be wrong with the file, or (in
the case of BlockRead) you may be trying to read past
physical EOF.

Disk write error.
Disk full while attempting to expand a file. This may occur
with the output operations Write, Writeln, BlockWrite, and
Flush, but also Read, Readln, and Close may cause this
error, as they cause the write buffer to be flushed.

Directory is full.
You are trying to Rewrite a file, and there is no more room
in the disk directory.

File size overflow.
You are trying to Write a record beyond 65535 to a
defined file.

Too many open files.

File disappeared.
An attempt was made to Close a file which was no longer
present in the disk directory, e.g., because of an
unexpected disk change. ‘
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TRANSLATING ERROR MESSAGES

The compiler error messages are collected in the file TURBO.MSG.
These messages are in English, but may be translated into any other
language easily, as described in the following.

The first 24 lines of this file define a number of text constants for
subsequent inclusion in the error-message lines; a technique which
drastically reduces the disk and memory requirements of the error
messages. Each constant is identified by a control character, denoted
by a * character in the following listng. The value of each constant is
anything that follows on the same line. All characters are significant,
also leading and trailing blanks.

The remaining lines each contain one error message, starting with the
error number and immediately followed by the message text. The
message text may consist of any characters and may include
previously defined constant identifiers (control character). Appendix E
lists the resulting messages in full.

When you translate the error message, the relation between constants
and error messages will probably be quite different from the English
version listed here. Start therefore with writing each error message in
full, disregarding the use of constants. You may use these error
messages, but they will require excessive space. When all messages
are translated, you should find as many common denominators as
possible. - Then define these as constants at the top of the file and
include only the constant identifiers in subsequent message texts. You
may define as few or as many constants as you need, the restriction
being only the number of control characters.

As a good example of the use of constants, consider errors 25, 26,
and 27. These are defined exclusively by constant identifiers, 15
total, but would require 101 characters if written in clear text.

The TURBO editor may be used to edit the TURBOMSG file. Control
characters are entered with the Ctrl-P prefix, i.e., to enter a Ctrl-A
(*A) into the file, hold down the <CONTROL> key and press first P,
then A. Control characters appear dim on the TURBO editor screen (if
your terminal has that video attribute).
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Notice that the TURBO editor deletes all tréiling blanks. The original
message therefore does not use trailing blanks in any messages.

H.1. ERROR-MESSAGE FILE LISTING

~A are not allowed
“B can not be
~C constant
“D does not
~E ‘expression
“F identifier
~G file

“H here
“Kinteger
“LFile
“Nillegal

~O or
“PUndefined
~Q match

“R real
~S$String
“TTextfile

“U out of range
“V variable
“W overflow
*X expected
“Y type
*linvalid

~] pointer
01X
02X
03","X .
04°(~X
05X
06="*X

07 :="~X
08X
097X
107X
117X
12BEGIN~X



TRANSLATING ERROR MESSAGES

Page 197

13DO*X

14END"X

150F~X

16PROCEDURE~O FUNCTION"X
17 THEN™X

18TO~O DOWNTO"X
20Boolean"E"X
21°L*V*X
227K~C~X
23"K~E*X
24"K*V*X
25"K*O"R~C"X
26"K"O"R"E™X
27°K*O"R"V*X
28Pointer~V*X
29Record"V*X
30Simple~Y~X
31Simpie~E*X
3278*C~X
33*S“E"X
3475°Vv*X
357X
36Type F*X
37Untyped"G~X
40”P label
41Unknown"F~O syntax error
42°P~1"Y in preceding™Y definitions
43Duplicate”F*O label
44Type mismatch
45~C~U
46"~C and CASE selector"Y"D"Q
470perand”~Y(s) “D*Q operator
48" result™Y

49~[ *S length
507S$*C length"D"Q"Y
51°[ subrange base"Y
52Lower bound > upper bound
53Reserved word
54"N assignment
5578"C exceeds line
56Error in integer~C
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57Error in"R*C

58”N character in"F
60"Cs*A"H

61°Ls and"ls*"A"H »
- 62Structured”Vs*A™H
63°Ts*A"H

64"~Ts and untyped“Gs~A"H
65Untyped”~Gs~A"H

661/0 not allowed"H

67"°Ls must be”V parameters
68”°L components*B~Gs
69~[*Ordering of fields

70Set base”Y~U

71 GOTO

72Label not within current block
73"P FORWARD procedure(s)
74INLINE error

75”N use of ABSOLUTE
760verlays”B forwarded
770verlays not allowed in direct mode
90°L not found

91Unexpected end of source
92Unable to create overlay file
93~[ compiler directive

97Too many nested WITHs
98Memory"W

99Compiler™W
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TURBO SYNTAX

The syntax of the TURBO Pascal language is presented here using the
formalism known as the Backus-Naur Form. The following symbols are
not symbols of the TURBO Pascal language, but meta-symbols
belonging to the BNF formalism:

= Means "is defined as".
| Means "or".
3 Enclose items which may be repeated zero or more times.

In the following, symbols and words which are part of the language
are printed in this typeface. Reserved words are printed in this
typeface, but in boldface, e.g.: array and for. Syntactic constructs
are printed in italics, e.g., block and case-element.

actual-parameter ::= expression | variable

adding-operator ::=+ | - | or | xor

array-constant ::= (structured-constant{,structured-constant})
array-type ::= array[index-type{,index-type}] of component-type
array-variable ::= variable

assignment-statement ::= variable := expression |

: function-identifier := expression

base-type ::= simple-type

block ::= declaration-part statement-part

case-element ::= case-list: statement

case-label ::= constant

case-label-list ::= case-label{,case-label}

case-list ::= case-list-element{,case-list-element)}
case-list-element ::= constant | constant .. constant
case-statement ::= case expression of case-



Page 200 TURBO SYNTAX

element{;case-element} end |
case expression of case-element{;case-element}
else statement{;statement} end

complemented-factor ::= signed-factor | not signed-factor

component-type ::= type

component-variable ::= indexed-variable | field-designator

component-statement ::= begin statement(;statement} end

conditional-statement ::= if-statement | case-statement

constant ::= unsigned-number | sign unsigned-number |
constant-identifier | sign constant-identifier | string

constant-definition-part ::= const constant-definition
{;constant-definition};

constant-definition ::= untyped-constant-definition |
typed-constant-definition

constant-identifier ::= identifier

control-character ::= # unsigned-integer | "character

control-variable ::= variable-identifier

declaration-part ::= {(declaration-section}

declaration-section ::= label-declaration-part | constant-definition-part |
type-definition-part | variable-declaration-part |
procedure-and-function-declaration-part

digit :=0111213141516171819

digit-sequence ::= digit {digit}

empty =

empty-statement ::= empty

entire-variable ::= variable-identifier | typed-constant-identifier

expression ::= simple-expression (relational-operator simple-expression}

factor ::= variable | unsigned-constant | (expression) |
function-designator | set

field-designator ::= record-variable . field-identifier

field-identifier ::= identifier

field-list ::= fixed part | fixed-part; variant-part | variant-part

file-identifier ::= identifier

file-identifier-list ::= empty | (file-identifier {, file-identifier}

filetype ::= file of type

final-value ::= expression

fixed-part ::= record-section {; record-section)}

for-list ::= initial-value to final-value | initial-value downto final-value

for-statement ::= for control-variable:= for-list do statement

formal-parameter-section ::= parameter-group | var parameter-
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group
function-declaration ::= function-heading block;

function-designator ::= function-identifier | function-identifier
(actual-parameter (, actual-parameter})
function-heading ::= function identifier: result-type; |
function identifier
(formal-parameter-section
{, formal-parameter-section}): result-type;.
function-identifier ::= identifier
goto-statement ::= goto label
hexdigit ::=digit V A1 B1ICIDIEIF
hexdigit-sequence ::= hexdigit (hexdigit}
identifier ::= letter (letter-or-digit}
identifier-list ::= identifier {, identifier}
if-statement ::= if expression then statement {else statement}
index-type ::= simple-type
indexed-variable ::= array-variable [expression {, expression}]
initial-value ::= expression
inline-list-element ::= unsigned-integer | constant-identifier |
variable-identifier | location-counter-reference
inline-statement ::=inline inline-list-element
{,inline-list-element}
label ::= letter-or-digit (letter-or-digit}
label-declaration-part ::=label label {, label};
letter ::= AIBICIDIEIFIGIHIII]JIKILIMI
NIOIPIQIRISITIUIVIWIXIYIZ]
albicldlelflglhliljlkllimi
niolplglrisitiulolwlixlylzl_
letter-or-digit ::= letter | digit
location-counter-reference ::=* | * sign constant
multiplying-operator ::=* | / 1 div |l mod |l and | shil shr
parameter-group := identifier-list: type-identifier
pointer-type ::= " type-identifier
pointer-variable ::= variable
procedure-and-function-declaration-part ::=
{procedure-or-function-declaration}
procedure-declaration ::= procedure-heading block;
procedure-heading ::= procedure identifier; | procedure identifier
(formal-parameter-section
{, formal-parameter-section});
procedure-or-function-declaration ::= procedure-declaration |
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function-declaration

procedure-statement ::= procedure-identifier | procedure-identifier
(actual-parameter (, actual-parameter})

program-heading ::= empty program program-identifier
file-identifier-list

program ::= program-heading block

program-identifier ::= identifier

record-constant ::= (record-constant-element
{; record-constant-element})

record-contant-element := field-identifier: structured-constant

record-type ::=record field-list end

record-variable ::= variable

record-variable-list ::= record-variable {, record-variable}

referenced-variable ::= pointer-variable * :

relational-operator = =1 o l <=1>=1<1l> lin

repeat-statement ::= repeat statement {; statement} until expression

repetitive-statement ::= while-statement | repeat-statement | for-statement

result-type ::= type-identifier

scalar-type ::= (identifier {, identifier})

scale-factor ::= digit-sequence | sign digit-sequence

set ::=[{set-element(] .

set-constant ::=[{set-constant-element}

set-constant-element ::= constant | constant .. constant

set-element ::= expression | expression .. expression

set-type ::= set of base-type

sign =+ | -

signed-factor ::= factor | sign factor

simple-expression ::= term {adding-operator term}

simple-statement ::= assignment-statement | procedure-statement |
goto-statement | inline-statement | empty-statement

simple-type ::= scalar-type | subrange-type | type-identifier

statement ::= simple-statement | structured-statement

statement-part ::= compound-statement

string ::= {string-element}

string-element ::= text-string | control-character

string-type ::= string [constant]

structured-constant ::= constant | array-constant | record-constant |
set-constant .

structured-constant-definition ::= identifier: type = structured-constant

structured-statement ::= compound-statement | conditional-statement |
repetitive-statement | with-statement
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structured-type :=unpacked-structured-type
packed unpacked-structured-type
subrange-type ::= constant .. constant
tag-field ::= empty | field-identifier:
term ::= complemented-factor {multiplying-operator complemented-factor}
text-string ::='{character)
type-definition ::= identifier = type
type-definition-part ::= type type-definition{;type-definition};
type-identifier ::= identifier
unpacked-structured-type ::=string-type | array-type | record-type |
set-type | file-type
unsigned-constant ::= unsigned-number | string | constant-identifier | nil
unsigned-integer ::=digit-sequence | $ hexdigit-sequence
unsigned-number ::= unsigned-integer | unsigned-real
unsigned-real ::= digit-sequence digit-sequence |
digit-sequence digit-sequence E scale-factor |
digit-sequence E scale-factor
untyped-constant-definition ::= identifier = constant
variable ::= entire-variable | component-variable | referenced-variable
variable-declaration ::= identifier-list: type |
identifier-list: type absolute constant
variable-declaration-part ::= var variable-declaration
{; variable-declaration};
variable-identifier ::= identifier
variant ::= empty | case-label list: (field-list)
variant-part ::= case tag-field type-identifier of variant {; variant}
while-statement ::= while expression do statement
with-statement ::= with record-variable-list do statement
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Appendix L
INSTALLATION

L.1. TERMINAL INSTALLATION

Before you use TURBO Pascal, it must be installed for your particular
terminal, i.e., provided with information regarding control characters
required for certain functions. This installation is easily performed using
the program TINST which is described in this chapter.

After making a work copy, please store your distribution diskette
safely away and work only on the copy.

Now start the installation by typing TINST at your terminal. Select
Screen installation from the main menu. A menu listing a number of
popular terminals will appear, inviting you to choose one by entering

its number:

1) ADDS 20/25/30

2) ADDS 40/60

3) ADDS Viewpoint-1A
4) ADM 3A

5) Ampex D80

6) ANS!

7) Apple/graphics

8) Hazeltine 1500

9) Hazeltine Esprit
10) IBM PC CCP/M b/w
11) IBM PC CCP/M color
12) Kaypro 10

13) Kaypro Il and 4
14) Lear-Siegler ADM-20

Choose one of the following terminals:

15) Lear-Siegler ADM-31
16) Liberty

17) Morrow MDT-20

18) Otrona Attache -

19) Qume

20) Soroc 1Q=-120

21) Soroc new models

22) Teletext 3000

23) Televideo 912/920/925
24) Visual 200

25) Wyse WY-100/200/300
26) Zenith

27) None of the above

28) Delete a definition

Which terminal? (Enter no. or *X to exit):

Figure L-2: Terminal Installation Menu
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If your terminal is mentioned, just enter the corresponding number, and
the installation is complete. Before installation is actually performed,
you are asked the question:

Do you want to modify the definition before installation?

This allows you to modify one or more of the values being installed as -
described in the following. If you do not want to modify the terminal
definition, just type N, and the installation completes by asking you the
operating frequency of your CPU (see last item in this appendix).

If your terminal is not on the menu, however, you must define the
required values yourself. The values can most probably be found in the
manual supplied with your terminal.

Enter the number corresponding to None of the above and answer
the questions one by one as they appear on the screen.

In the following, each command you may install is described in detail.
Your terminai may not support all the commands that can be installed.
If so, just pass the command not needed by typing RETURN in
response to the prompt. If Delete line, Insert line, or Erase to end of
line is not installed, these functions will be emulated in software,
slowing screen performance somewhat.

Commands may be entered either simply by pressing the appropriate
keys or by entering the decimal or hexadecimal ASCIl value of the
command. If a commnd requires the two charaacters 'ESCAPE’ and ~',
you may:

either: press first the Esc key, then the =. The entry will be echoed
with appropriate labels, i.e., <ESC> =.

or: enter the decimal or hexadecimal vallues separated by spaces.
Hexadecimal values must be preceded by a dollar=sign. For example,
you could enter 27 61, or $1B 61, or $1B $3D, which are all
equivalent.

The two methods cannot be mixed. Once you have entered a non-
numeric character, the rest of that command must be defined in that
mode, and vice versa.
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A hyphen entered as the very first character is used to delete a
command, and echoes the next Nothing.

Terminal type:

Send

Send

Enter the name of the terminal you are about to install. When
you complete TINST, the vailues will be stored, and the terminal
name will appear on the initial list of terminals. If you later need
to reinstall TURBO Pascal to this terminal, you can do that by
choosing it from the list.

an initialization string to the terminal?

If you want to initialize your terminal when TURBO Pascal starts
(e.g., to download commands to programmable function keys),
you answer Y for yes to this question. If not, just hit RETURN.

a reset string to the terminal?

Define a string to be sent to the terminal when TURBO Pascal
terminates. The description of the initialization command above
applies here.

CURSOR LEAD-IN command:

Cursor Lead~in is a special sequence of characters which tells
your terminal that the following characters are an address on the
screen on which the cursor should be placed.

When you define this command, you are asked the following
supplemental questions:

CURSOR POSITIONING COMMAND to send between line
and column:
Some terminals need a command between the two numbers
defining the row and column cursor address. \

CURSOR POSITIONING COMMAND to send after line and
column:
Some terminals need a command after the two numbers
defining the row and column cursor address.

Column first?
Most terminals require the ROW of the address first, then
the COLUMN. If this is the case on your terminal, answer N.
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If your terminal wants COLUMN first, then ROW, then
answer Y.

OFFSET to add to LINE
Enter the number to add to the LINE (ROW) address.

OFFSET to add to COLUMN
Enter the number to add to the COLUMN address.

Binary address?
Most terminals need the cursor address sent in binary form. If
that is true for your terminal, enter Y. If your terminal
expects the cursor address as ASCIl digits, enter N. If so,
you are asked the supplementary question:

2 or 3 ASCH digits?
Enter the number of digits in the cursor address for your
terminal.

CLEAR SCREEN command:
Enter the command that will clear the entire contents of your
screen, both foreground and background, if applicable.

Does CLEAR SCREEN also HOME cursor?
This is normally the case; if it is not so on your terminal,
enter N, and define the cursor HOME command.

DELETE LINE command:
Enter the command that deletes the entire line at the cursor
position.

INSERT LINE command:
Enter the command that inserts-a line at the cursor position.

ERASE TO END OF LINE command:
Enter the command that erases the line at the cursor position
from the cursor position through. the right end of the line.

START OF ‘LOW VIDEO’ command:
If your terminal supports different video intensities, then
define the command that initiates the dim video here. If this
command is defined, the following question is asked:
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START OF 'NORMAL VIDEO’ command:
Define the command that sets the screen to show
characters in ‘normal’ video.

Number of rows (lin€s) on your screen:
Enter the number of horizontal lines on your screen.

Number of columns on your screen: ‘
Enter the number of vertical column positions on your screen.

Delay after CURSOR ADDRESS (0-255 ms): .
Delay after CLEAR, DELETE, and INSERT (0-255 ms):
Delay after ERASE TO END OF LINE and HIGHLIGHT
On/Off (0-255 ms):
Enter the delay in milliseconds required after the functions
specified. RETURN means 0 {(no delay).

Is this definition correct?
If you have made any errors in the definitions, enter N. You
will then return to the terminal selection menu. The
installation data you have just entered will be included in the
installation data file and appear on the terminal selection
menu, but installation will not be performed. When you
enter Y in response to this question, you are asked:

Operating frequency of your microprocessor in MHz
(for delays):
As the delays specified earlier depend on the operating
frequency of your CPU, you must define this value.

The installation is finished, installation data is written to TURBO Pascal,
and you returned to the outer menu. Installation data is also saved in
the installation data file, and the new terminal will appear on the
terminal selection list when you run TINST in future.

L.2. EDITING COMMAND INSTALLATION

The built-in editor responds to a number of commands which are used
to move the cursor around on the screen, delete and insert text, move
text, etc. Each of these functions may be activated by either a
primary command or a secondary command. The secondary commands
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are installed by Borland, and comply with the standard set by
WordStar. The primary commands are undefined for most systems,
and may easily be defined to fit your taste or your keyboard, using the
installation program.

When you hit C for Command installation, the first command appears:

CURSOR MOVEMENTS:

1: Character left Nothing -> =

This means that no primary command has been installed to move the
cursor one character left. If you want to install a primary command (in
addition to the secondary WordStar-like Ctrl-S, which is not shown
here), you may enter the desired command following the => prompt in
either of two ways:

1 Simply press the key you want to use. It could be a function key
(for example a left-arrow-key, if you have it) or any other key
or sequence of keys that you choose (to a maximum of 4). The
installation program responds with a mnemonic for each
character it receives. If you have a left-arrow-key that
transmits an <ESCAPE> character followed by a lower case a,
and you press this key in the situation above, your screen will
look like this:

CURSOR MOVEMENTS:

1: Character left  Nothing -> <ESC> a »

2) Instead of pressing the actual key you want to use, you may
enter the ASCIl value(s) of the character(s) in the command. The
values of multiple characters are entered separated by spaces.
Decimal values are just entered: 27; hexadecimal values are
prefixed by a dollar-sign: $1B. This may be useful to install
commands which are not presently available on your keyboard,
for example if you want to install the values of a new terminal
while still using the old one.
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This facility has just been provided for very few and rare

" instances, because there is really no idea in defining a command
that cannot be generated by pressing a key. But it’s there for
those who wish to use it. '

In both cases, end your input by pressing <RETURN>. Notice that the
two methods cannot be mixed within one command. If you have
started defining a command sequence by pressing keys, you must
define all characters in that command by pressing keys and vice versa.

You may enter a - (minus) to remove a command from the list, or a B
to back through the list one item at a time.

The editor accepts a total of 45 commands, and they may all be
installed to your specification. If you make an error in the installation,
like defining the same command for two different purposes, a self-
explanatory error message is issued, and you must correct the error
before terminating the installation. A primary command, however, may
conflict with one of the WordStar-like secondary commands; that will
just render the secondary command inaccessible.

The following table lists the secondary commands, and allows you to
mark any primary commands installed by yourself.

CURSOR MO VEMENTS:

1: Character left Ctrl-S

2:  Alternative Ctrl-H

3: Character right Ctr-D

4: Word left Ctri-A

5: Word right Ctri-F

6: Line up Ctrl-E

7: Line down Ctri-X

8: Scroll up Ctr-w

9: Scroll down Ctri~Z
10: Page up - Ctri-R
11: Page down Ctrl-C
12: To left on line Ctrl-Q Ctrl-S
13: To right of line Ctri-Q CtrlI-D
14: To top of page Ctr-Q Ctrl-E
15: To bottom of page Ctrl-Q Ctrl-X
16: To top of file Ctr-Q Ctrl-R
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17:
18:
19:
20:

21
22:
23:
24:
25:
26:
27:
28:

29:
30:
31:
32:
33:
34:
35:
36:
37:

38:
39:
40:
41:
42:
43:
44:
45:

To end of file
To beginning of block

"To end of block

To last cursor position

Ctr-Q Ctrl-C
CtrI-Q Ctrl-B
Ctrl-Q Ctri-B
Ctrl-Q Ctri-P

INSERT & DELETE:

Insert mode on/off
Insert line

Delete line

Delete to end of line
Delete right word

Ctrl-V
CtrlI-N
Ctrl-Y
Ctrl-Q Ctrl~Y
Ctrl-T

Delete character under cursor Ctrl~G

Delete left character
Alternative:

<DEL>
Nothing

BLOCK COMMANDS:

Mark block begin
Mark block end

Mark single word
Hide/display block
Copy block

Move block

Delete block

Read block from disk
Write block to disk

Ctrl-K Ctrl-B
Ctrl-K Ctrl-K
Ctrl-K Ctrl-T
Ctrl-K Ctrl-H
CtrI-K Ctrl-C
Ctrl-K Ctri-V
Ctri-K Ctrl-Y
Ctrl-K Ctri-R
Ctri-K Ctri-W

MISC. EDITING COMMANDS:

End edit

Tab

Auto tab on/off
Restore line
Find

Find & replace
Repeat last find

Ctrli-K Ctrl-D
Ctri-l

Ctrl-Q Ctrl-l

Ctrl-Q Ctrl-L
Ctrl-Q Ctrl-F
CtrI-Q Ctri-A
Ctrl-L

Control character prefix Ctrl-P

Table L-1: Secondary Editing Commands
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Items 2 and 28 let you define alternative commands to Character Left
and Delete left Character commands. Normally <BS> is the alternative
_to Ctrl-S, and there is no defined alternative to <DEL>. You may install
primary commands to suit your keyboard, for example to use the <BS>
as an alternative to <DEL> if the <BS> key is more conveniently
located. Of course, the two alternative commands must be
unambiguous like all other commands.
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CP/M PRIMER

M.1. HOW TO USE TURBO ON A CP/M SYSTEM

When you turn on your computer, it reads the first couple of tracks on
your CP/M diskette and loads a copy of the CP/M operating system
into memory. Each time you re-boot your computer, CP/M also
creates a list of the disk space available for each disk drive.
. Whenever you try to save a file to the disk, CP/M checks to make
sure that the diskettes have not been changed. If you have changed
the diskette in Drive A without rebooting, for example, CP/M will
generate the following error message when a disk write is attempted:

BDOS ERROR ON A: R/O
Control will return to the operating system and your work was NOT
saved! This can make copying a diskette a little confusing for the
beginner. If you are new to CP/M, follow these instructions:

M.2. COPYING YOUR TURBO DISK

To make a working copy of your TURBO MASTER DISK, do the
following:

1. Make a blank diskette and put a copy of CP/M on it (see your
CP/M manual for details). This will be your TURBO work disk.

2, Place this disk in Drive A:. Place a CP/M diskette with a copy
of PIP.COM in Drive B (PIP.COM is CP/M’s file copy program,
and should be on your CP/M diskette. See your CP/M manual for
details).

3. Re-boot the computer. Type B:PIP and then press <RETURN>

4. Remove the diskette from Drive B: and insert your TURBO
MASTER DISK.

5. Now type: A:=B:**[V] and then press <RETURN>
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You have instructed PIP to copy all the files from the diskette in
Drive B: onto the diskette in Drive A:. Consult your CP/M
manual if any errors occur.

The last few lines on your screen should look like this:

A> B:PIP
*A:=B:* V]
COPYING -

FIRSTFILE

LASTFILE

*

6. Press <RETURN>, and the PIP program will end.
M.3. USING YOUR TURBO DISK

Store your TURBO MASTER DISK in a safe place. To use TURBO
Pascal, place your new TURBO work disk in drive A: and re~boot the
system. Unless your TURBO came pre-installed for your computer and
terminal, you should install TURBO (see Chapter 1). When done, type

TURBO
and TURBO Pascal will start.

If you have trouble copying your diskette, please consult your CP/M
user manual or contact your hardware vendor for CP/M support.
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HELP!!!

This appendix lists a number of most commonly asked questions and
their answers. If you don’t find the answer to your question here, you
can either call Alpha’s technical support staff, or you can access
CompuServe’s Consumer Information 24 hours a day and “talk” to the
Borland Special Interest Group.

Q:
A:

>R

>R

b

How do | use the system?

Please read the manual, specifically Chapter 1. If you must get
started immediately, do the following:

1) Boot up your operating system.

2) Run TINST to install TURBO for your equipment.

3) Run TURBO.

4) Start programming!

I am having trouble installing my terminalt

If your terminal is not on the installation menu, you must define it
to TINST. AIll terminals come with a manual containing
information on codes that control video I/0O. You must answer
the questions in the installation program according to the
information in your hardware manual. The terminology we use is
the closest we could find to a standard. Note: most terminals
do not require an initialization string or reset string. These are
usually used to access enhanced features of a particular terminal;
for example, on some terminals you can send an initialization
string to make the keypad act as a cursor pad. You can put up
to 13 characters into the initialization or reset strings.

| am having disk problems. How do | copy my disks?

Most disk problems do not mean you have a defective disk.
Specifically, if you are using a CP/M-80 system you ma‘y want
to refer to Appendix M (Z-System computers don’t issue a
BDOS error in that situation). If you can get a directory of your
distribution disk, then chances are that it is a good disk.

Do | need an 8087 chip to use TURBO-87?

Yes, and in addition, TURBO=87 only works on CP/M-
incompatible 16-bit systems running MS-DOS, PC-DOS, or
CP/M-86.
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Q: Dol need any special equipment to use TURBO-BCD?
A:  No, but the BCD reals package only works on 16-bit

implementations of TURBO that are not compatible with CP/M
or the Z-System.

Q: Dol need TURBO to run programs | developed in TURBO?

A: No, TURBO can make .COM files.

Q: How do | make .COM files?

A: Type O from the main menu for compiler Options. In the
compiler Options menu, select C for .COM files.

Q:  What are the limits on the compiler as far as code and data?

A: The compiler can handle up to 64K of code, 64K of data, 64K of
stack and unlimited heap. The object code, however, cannot
exceed 64K.

Q:  What are the limits of the editor as far as space?

A: The editor can edit as much as 64K at a time. If this is not
enough, you can split your source into more than one file using
the $I compiler directive. This is explained in Chapter 17.

Q: What do | do when | get error 99 (Compiler overflow)?

A: You can do two things: break your code into smaller segments
and use the $I compiler directive (explained in Chapter 17) or
compile to a .COM file. '

Q: What do | do if my object code is going to be larger than 64K?

-A:  Either use the chain facility (see Chapter 22) or use overlays

(Chapters 18 and 22).

Q: How do | read from the keyboard without having to hit return
~ (duplicate BASIC’s INKEY$ function)?
A: Like this: Read(Kbd,Ch) where Ch:Char.

How: can | get output to go to the printer?

You can use the following program. If you wish to have a listing
that underlines or highlights reserved words, puts in page breaks,
and lists all include files, there is one included free (including
source) on the TURBO Tutor diskette.

R
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>0

>R

program TextFileDemo;

var
TextFile : Text;
Scratch : String[128];

begin
Write(File to print: ‘); { Get file name }
ReadIn(Scratch);
Assign(TextFile, Scratch); { Open the file }
{s1-}
Reset(TextFile);
{$1+}
if IOresult <> 0 then
Writeln(‘Cannot find °, Scratch); { File not found }
else { Print the file.. }
begin
while not Eof(TextFile) do
begin
ReadIn(TextFile, Scratch); { Read a line }
Writeln(Lst, Scratch) { Print a line }
end; { while }
Writeln(Lst) { Flush printer buffer }
end { else }
end.

How do | get output and input from COM1:2

Try: Writeln(AUX, ..) after setting up the port using an ASSICN-
type program from CP/M. To read try: Read(AUX, ..).. You
must remember that there is no buffer set up automatically when
reading from AUX.

How do | read a function key?

Function keys generate escape sequences (ESCAPE followed by
one or more characters) or control characters, depending on
what terminal you are using. There is no way to tell whether a
given escape sequence or control character was generated by
pressing a function key or was typed by the user.

Programs that depend on a particular set of function keys tend
to make a program less general. It is better to define functions
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>0

> Q

in your program that are independent of a particular input, and
then provide a separate program that prompts the user for the
input he wants to stand for that function. In that way the user
can easily customize your program for his preferences and his
equipment. TURBO’s TINST program is an example of this
approach (see Appendix L).

| am having trouble with file handling. What is the correct order
of instructions to open a file?
The correct manner to handle files is as follows:

To create a new file:

Assign(FileVar,'NameOf.Fil);
Rewrite(FileVar);

Close(FileVar);

To open an existing file:
Assign(FileVar,'NameOQf.Fil");
Reset(FileVar);

Close(FileVar);

Why don’t my recursive procedures work?
Set the A compiler directive off: {$A-}

How can | use EOF and EOLN without a file variable as a
parameter?
Turn off buffered input: {$B-}

How do | find if a file exists on the disk?
Use {$I-} and {I*}. The following function returns True if the file
name passed as a parameter exists, otherwise it returns False:
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>0

> R

°Q

>

type
Name = string[66];

function Exist(FileName: Name): Boolean;
var
Fil: file;
begin
Assign(Fil,FileName);
{$1-}
Reset(Fil);
{$1+}
Exist := (IOresult = 0)
end;

How do | disable CTRL-C?
Set its compiler directive off: {$C-}.

| get a “type mismatch” error when passing a string to a function
or procedure as a parameter.
Turn off type checking of variable parameters: {$V-}.

| get a “file not found” error on my include file when | compile
my program, even though the file is in the directory.

When using the include compiler directive {$I filename.ext} there
must be a space separating the file name from the terminating
brace, if the extension is not three letters long: {$ISample.F }.
Otherwise the brace will be interpreted as part of the file name.

Why does my program behave differently when | run it several
times in a row?

If you are running programs in Memory mode and use typed
constants as initialized variables, these constants wiil only be
initialized right after a compilation, not each time you run the
program, because they reside in the code segment. With .COM
files, this problem does not exist, but if you still experience
different results when using arrays and sets, turn on range
checking {$R+}.
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| don’t get the results | think | should when using Reals and
Integers in the same expression.

When assigning an Integer expression to a Real variable, the
expression is converted to Real. However, the expression itself
is calculated as an integer, and you should therefore be aware of
possible integer overflow in the expression. This can lead to
surprising results. Take for instance:

RealVar := 40 * 1000;
First, the compiler multiplies integers 40 and 1000, resulting in
40,000 which gives integer overflow. It will actually come out

to -25536 as Integers wrap around. Now it will be assigned to
the RealVar as ~25536. To prevent this, use either:

RealVar = 40.0 * 1000;
or
RealVar = 1.0 * IntVar1 * IntVar2;

to insure that the expression is calculated as a Real.

How do | get disk directory from my TURBO program?

~Sample procedures for accessing the directory are included. in

the TURBO Tutor package (order the TURBO Tutor from
Borland).
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‘36

¢ 37

* 44,75, 157

y 37

+ 45,58, 75, 157

- 43, 45,75, 157
51

/ 44

= 47

< 45, 157

<= 45,75

< 45,75, 106

- 45,75, 106

> 45, 157

>= 45, 75

_.A...

A compiler directive 116, 122,

158, 182
Abort operation 27
Abs 124

Absolute 150

Absolute code 182

Absolute value 124

Absolute variables 150

Actual parameters 112

Adding operators 45

Addition 45

Addr 151

Address in memory 151

Allocating variables 106

And 44

ArcTan 124

Arctangent 124

Arithmetic and 44

Arithmetic functions 124

Arithmetic or 45

Array 65

Array constants 78

Array definition 65

Array identifier 65

Array optimization 153, 185

ASCIl table 204

Assign 82

Assignment statement 47

Auto indent on/off 24, 29

Automatic overlay management
140

Aux 93

AUX: 91

Auxiliary device 91

Auxin 155

AuxinPtr 156

AuxQut 155

AuxQutPtr 156

-— B -
B compiler directive 93, 183

Backspace 96
Backus-Naur Form 199
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. BAK files 9

Base type 65,73

Basic movement commands 16

Basic symbols 30

Bdos 154

BDOS error 214

BdosHL 154

Before you start 4, 214

Begin 42, 49

Bios 154

BiosHL 155

Bitwise negation 44

Block commands 21 _

Blockread and blockwrite 101

Boolean 34

BufLen 97, 98

Byte 33, 55

Byte manipulation 127, 128,
129

-C -

C command 11

C compiler directive 183
Case 50

Case statement 50
Chain 147

Chain and execute 146
Chaining 144

Char 34

Character arrays 67
Character left 17
Character right 17

Chr 126

. CHN files 9, 144, 147
Close 84

CirEol 118

ClrScr 118

. COM files 9, 144, 147, 217
COM1t: 218

Command line 148

Command-line parameters 145
Command-line buffer 128
Comments 37

Nesting 38

Comparing pointers 106
Comparing strings 59
Compile command 11
Compiler directives 4, 38, 182
A 116, 122, 158, 182

B 93, 183

C 183

Default values 182

I 103, 132, 147, 183

R 56, 64, 66, 184

Scope 133

U 184

VvV 114, 184

W 153, 184

X 153, 185

Compiler error messages 188
Translating 195

Compiler options 12, 143
Component type 65
Compound statement 49
Con 93

CON: 91

Concat 62

Concatenation 58, 62
Conditional statements 49
Conin 155

ConinPtr 156

ConQut 155

ConOutPtr 156

Console device 91
Console status 127

ConSt 40, 155

Constant definition part 40
ConStPtr 156

Control character prefix 27
Control characters 15, 37
Copy 62
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Copy block 22
Copying your TURBO disk 214
Cos 124

Cosine 124

CP/M 143, 214
Function calls 154
CPU stack 168
Creating overlays 137
CrtExit 119

Crtlnit 119

Ctrl-A 17

In search & replace strings 26
In search strings 25
Ctri-C 18, 183, 184, 220
Ctr-D 17, 97
Ctrl-E 17

Ctrl-F 17

Ctri-G 20

Ctrl-H 97

Ctrli-l 24

Ctrl-K B 21

Ctrl-K C 22

Ctrl=K D 23

Ctrl-kK H 22

Ctrl-K K 22

Ctrl-kK R 23

CtrI-K T 22

Ctrl-.K V 22

Ctrl-K W 23

Ctrl-K Y 23

Ctri-L 27

Ctri-M 97

Ctri-N 21

Ctrl-p 27

Ctrl-Q A 26

Ctr-Q B 19

Ctr-Q C 19

Cu-Q D 19

Cti-Q E 19

Curl-Q F 24
Ctr-Q | 24

CtrFQ K 19
Ctr-Q L 24
CtrFQ P 20
CtrFQ R 19
CtrkFQ S 19
Ctrl-|Q X 19
CtrFQ Y 21
Ctrl-R 18, 97 .
Ctrl-S 17, 183
Ctr-T 21

Ctrl~U 27

Ctrl-V 20
Ctrl-W 18
Ctr-X 17, 97
Ctrl-Y 21

Ctrl-Z 18, 88, 97
Cursor movement 28

_D_

D command 11
Data area 141
Data entry

Editing during 96
Data structures 163
Declaration part 39
Declared scalar type 33, 54
Defining a pointer variable 105
DEL 96
Delay 119
Delete 60
Delete block 23
Détete character under cursor

20

Delete left character 20
Delete line 21
Delete right word 21
Delete to end of line 21
Delimiters 32
DelLine 119
Directory command 11
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Discriminated unions 72
Disk problems 216
Dispose 109

Div 44

Division 44

Do 52, 53,70

Dollar sign 38
Downto 52

_E_

E 36
E command 10
Edit command 10
Editing commands 13
Installation 7, 209
Editing during data entry 96
Editor 12
Status line 13
Coln 13
File name 13
Indent 13
Insert 13
Linen 13

Efficient use of overlays 141

Element 73

Else 49

Empty set 74

Empty statement 48

Empty string 37

End 42, 49, 68

End address 145

End edit 23, 28

End of file marker 88
See also EOF, SeekEof

End of line marker 88
See also Eoln, SeekEoln

EOF 85, 219
On logical devices 92
When a CR is entered 96

EOLN 89, 219

On logical devices 92
When a CR is entered 96
Equal to 45
Erase 84
Error messages
Compiler 188
Translating 195
170 193
Run-time 192
ESCAPE 97
Execute 147
Execute command 143
Exit 120
Exp 124
Exponential 124
Exponential notation 36
Expressions 43
Extended movement commands
18
Extensions in TURBO Pascal 1,
186
External 156, 165, 167

- F -
False 34, 40
Field identifier 68
Field list 68
Fields 68

File exists (sample function)
219

File handling 219

File interface blocks 162

File name 9

File names 150

File not found 220

File of 81

File pointer 81

File standard functions 85

File type definition 81

FilePos 85
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Files 150

Files on the distribution disk 4

FileSize 85

FillChar 121

Find 24

Find and replace 26

Find runtime error 146

Flush 83

For statement 52

Formal parameters 112

Forward 129

Forward declarations 142

Forward references 129

Frac 124

Fractional part of a number
124

Free unions 72

FreeMem 111

Function 122

Function declaration 121

Function designators 46

Function keys 218

Function results 167

Functions 121

-G -

GCet 186

CetMem 110, 186

Coto 48

Goto statement 48, 186
GotoXY 120

Greater than 45
Creater than or equal to 45

_H_

Halt 120
Heap 106, 168
HeapPtr 168
HELPH! 216

Hexadecimal notation 35
Hi 127

Hide/display block 22
High order byte 127
Highlighting 8

I compiler directive 103, 132,
147, 183
1/0 checking 103
1/0 error handling 183
I/0 error messages 193
I/0 mode selection 183
Identifiers 35
If statement 49
In 75
In-line machine code 157
Include files 132, 183
Inconsistent behavior when a
program is run repeatedly
220
Index type 65
Inline 157
Input 93
Input line length 97
Insert 60
Insert and delete commands 20
Insert line 21
Insert mode on/off 20
InsLine 119
Installation 6, 205, 216
Editing commands 7
Int 125
Integer 33
Integer division 44
Integer part of a number 125
Internal data formats 159
Arrays 163
Basic data types 160
File interface blocks 162
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Files LowVideo 120
Random-access 164 Lst 93
Text 165 LST: 91

Pointers 163 LstOut 155

Reals 160 LstOutPtr 156

Records 164

Scalars 160 -M-

Sets 161 .

Strings 161 M command 10

Interrupt handling 158
Intersection 73
IOresuit 103

_K..

Kbd 93

KBD: 91

Keyboard device 91
KeyPressed 127

..L_

L command 8

Label 40, 48

Label declaration part 40
Length 63

Less than 45

Less than or equal to 45
Line down 17

Line restore 28

Line up 17

List device 91

Ln 125

Lo 128

Logged drive and overlays
See OvrDrive procedure
Logged drive selection 8

Logical and 44

Logical devices 91

Logical or 45

Low order byte 128

Main file selection 10
Mark 106

Mark block begin 21
Mark block end 22

Mark single word 22, 28
MaxAvail 111

Maxint 40

Mem 67, 152

MemAvail 107, 153
Member 73

Memory management 169

Memory/Com file/cHn file 144

Menu 8
C command 11
D command 11
E command 10
L command 8
M command 10
O command 12, 143
C option 144
F option 146
H option 144
M option 144
P option 145
Q command 12
R command 11
S command 11
W command 9
X command 143
Misc. editing commands 23
Misc. standard functions 127
Mod 44
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Modulus 44

Most commonly asked questions
and their answers 216

Move 121

Move block 22

MP/M 145

Multidimensional array
constants 79

Multidimensional arrays 66

Multiplication 44

Multiplying operators 44

_N_.

Natural logarithm 125

Nesting

Comments 38

Include files 133

Overlays 139

Records in with
statements 70

With statements 184

New 106, 186

Nil 106

NormVideo 120

Not equal to 45

Not operator 44

Numbers 35

-0 -
O command 12
Odd 126
Of 65

Operations on files 82
Operations on text files 88
Operators 43

Summary 180
Or 45
Ord 55, 56, 126, 153
Output 93

Output to the printer 217
Overflow 33, 217

CPU stack 169
Overlay 137
Overlay system 134
Overlays 149
OvrDrive 149

P P -
Pack 187
Packed 187
Page 186
Page down 18
Page up 18

ParamCount 128, 145
Parameters 112, 128, 165
ParamStr 128, 145

. PAS files 5

Pascal language 1

Pi 40

Placing overlay files 141
Plus sign 58

Pointer symbol 105
Pointer types 105
Pointer variable 105
Pointers and integers 153
Pointers

Comparison 106

Range checking 111
Port 67, 152

Pos 63

Pred 55, 126
Predecessor 126
Predefined arrays 67, 152
Procedure 116
Procedure and function

declaration part 42

Procedure declaration 116
Procedure statement 47
Procedures 116



INDEX

Page 229

Procedures and functions 112
Program 39

Program heading 39
Program libraries 132
Program lines 32

Program name 39

Ptr 153

PUN: 91

Put 186

_Q_

Q command 12
Quit command 12

_R_

R command 11
R compiler directive 56, 64,
66, 184

Random 128
Randomize 121
Range checking 56

Pointers 111
RDR: 91
Read 83
Read block from disk 23
Read from the keyboard 217
Read procedure 95
READ.ME 5
Readin 89
ReadIn procedure 98
Real 33
Record 68
Record constants 79
Record definition 68
Record nesting

In with statements 70
Record section 68
Record type 68
RecurPtr 168

Recursion 142, 186, 219
Recursion stack 168
Reference parameters 113
Regret 24
Relational operators 45, 59
With scalar types 54
Relative complement 73
Relaxations on parameter type
checking 114
Release 106
Rename 84
Repeat last find 27
Repeat statement 53
Repetitive statements 51
Reserved words 30
Reset 82
Restore line 24
Restrictions on overlays
Data area 141
Forward declarations 142
Recursion 142
Run-time errors 142
RETURN 97
Retyping 56
Rewrite 82
Round 127
Rounding a number 127
Run command 11
Run-time error messages 192
Run-time errors 142
Run-time index checks 184

_S_

S command 11
Save command 11
Scalar functions 126
Scalar type 54
Scrolt down 18
Scroll up 18

Seek 83
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SeekEof 89

SeekEoln 89

Set assignments 76
Set constants 80

Set constructors 74
Set expressions 74
Set of 73

Set operators 75

Set type 73

Set type definition 73
Shift left 44

Shift right 44

Shl 44

Shr 44

Simple statements 47
Sin 125

Sine 125

Single quote 36

SizeOf 129

Sqr 125

Sqrt . 125

Square 125

Square brackets 58
Square root 125
StackPtr 168

Stacks

CPU 168

Recursion 168
Standard files 92
Standard functions: 123
Summary 175
Standard identifiers 31, 146
Standard procedures 118
Summary 175
Standard scalar type 33
Start address 145
Starting TURBO Pascal 5
See also Before you start
Statement part 42
Statements 47

Status line 13

Str 61

String assignment 59

String comparison 59
String concatenation 58, 62
String expressions 58
String functions 62

String length 64, 151

String procedures 60
String type definition 58
Strings 36

Strings and characters 63
Structured statements 49
Structured typed constants 78
Subprograms 112

Subrange delimiter 51
Subrange type 55
Subtraction 45

Succ 55, 126

Successor 126

Swap 129

Syntax of TURBO Pascal 199

_T_

Tab 24

Tabulator 29

Tag field 71

Technical support 216
Terminal device 91
Terminal installation 205, 216
Text files 88, 150

Text input and output 95
TINST 6, 205

To 52

To beginning of block 19
To bottom of screen 19
To end of block 19

To end of file 19

To last cursor position 20
To left on line 19

To right on line 19
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To top of file 19
To top of screen 19
Transfer functions 126

Translating error messages 195

Trm 93

TRM: 91

True 34, 40

Trunc 127

Truncating a number 127
TURBO-87 216
TURBO BCD 217
TURBO.COM 4
TURBO.MSG 5, 195
TURBO.OVR 4

Type 41

Type conversion 56
Type definition part 41
Type mismatch 220
Typed constants 77

...U_

U compiler directive 184

Unary minus 43

Underflow 33

Union 73

Unpack 187

Unstructured typed constants
77

Until 53

Untyped files 101

Untyped variable parameters
115

UpCase 129

Upper and lower case 35

Upper-case equivalent 129

User device 91

User interrupts 184

User-defined scalar types 54

User-written I/O drivers 155

Using files 86

Using pointers 107
Usr 93

USR: 91

Usrin 155
UsrinPtr 156
UsrQut 155
UsrQutPtr 156

-V -

V compiler directive 114, 184
Val 61
Value parameters 112, 118,
165
Arrays 167
Pointers 167
Reals 166
Records 167
Scalars 165
Sets 166
Strings 166
Var 41, 113
Var-parameter type checking
184
Variable declaration part 41
Variable parameters 117, 165
See also Reference
Parameters
Variant records 71

_W_

W command 9

W compiler directive 153, 184
While statement 52

With 70

With statement 70, 153
Nesting 184

Word left 17

Word right 17

WordStar compatibility 12, 28
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Work file selection 9 Xor 45

Write 83

Write block to disk 23 L 58

Write parameters 99

Write procedure 98 ] 58

Writeln 89

Writeln procedure 100 ~ 37, 105
-X - { 37

X compiler directive 153, 185 y 37



EDITOR QUICK REFERENCE

’ 1Ctrl!Rb .

PAGE UP

:
P

WORD CHARACTER CHARACTER WORD
LEFT LEFT RIGHT RIGHT
ctr g
LINE
L DOWN )

@O —~ G

MARK BEGINNING MARK END

DELETE WORD
DELETE LINE

OPTIONS: U sUPPER/LOWER CASE
W=WHOLE WORDS ONLY (Ctrl YKLV )

B =BACKWARDS o=
G =GLOBAL OO
N =NO QUESTION







