
























































































































































































































































































































































































































































Files 

Text Files 

Buffer Size 

The text file buffer size is 128 bytes by default. This is adequate for 
most applications, but heavily I/O-bound programs, as for example a 
copy program, will benefit from a larger buffer, as it will reduce disk 
head movement. 

You are therefore given the option to specify the buffer size when de­
claring a text file: 

VAR TextFile: Text[$800]; 

declares a text file variable with a buffer size of 2K bytes. 

Append Procedure 

Syntax: Append(FiIVar); 

The disk file assigned to the file variable FilVar is opened, and the file 
pointer is moved to the end of the file. The only operation· allowed after 
Append is appending of new components. 

Flush Procedure 

The Flush procedure causes the file buffer to be flushed when used with 
text files. 

Logical Devices 

The following additional logical devices are provided: 

INP: Refers to the MS-DOS standard input file (standard handle number 0). 

OUT: Refers to the MS-DOS standard output file (standard handle number 1). 

ERR: Refers to the MS-DOS standard error output file (standard handle 
number 2). 
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These devices may also be used with typed and untyped files. 

The MS-DOS operating system itself also provides a number of logical 
devices, for instance 'CON', 'LST' and 'AUX'. TURBO Pascal will treat 
these devices as if they were disk files, with one exception: when a text 
file is opened, using Reset, Rewrite or Append, TURBO Pascal asks 
MS-DOS for the status of the file. If MS-DOS reports that the file is a 
device, TURBO Pascal disables the buffering that normally occurs on 
textfiles, and all I/O operations on the file are done on a character by 
character basis. 

The D compiler option may be used to disable this check. The default 
state of the D option is {$D +}, and in this state, device checks are 
made. In the {$D-} state, no checks are made and all device I/O opera­
tions are buffered. In this case, a call to the flush standard procedure 
will ensure that the characters you have written to a file have actually 
been sent to it. 

I/O redirection 

PC/MS-DOS TURBO Pascal supports the I/O redirection feature provid­
ed by the MS-DOS operating system. In short, I/O redirection allows you 
to use disk files as the standard input source and/or standard output 
destination. Furthermore, a program supporting I/O redirection can be 
used as a filter in a pipe. Details on I/O redirection, filters, and pipes, are 
found in the MS-DOS documentation. 

I/O redirection is enabled through the G (get) and P (put) compiler direc­
tives. The G directive controls the input file and the P directive controls 
the output file. The G and P directives both require an argument, which 
defines the size of the input or output buffer. The default settings are 
{$GO} and {$PO}, and with these zero buffer sizes, Input and Output will 
refer to the CON: or the TRM: device. 

If a non-zero input buffer is defined, for instance {$G256}, the standard 
Input file will refer to the MS-DOS standard input handle. Likewise, if a 
non-zero output buffer is defined, for instance {$P1024}, the standard 
Output file will refer to the MS-DOS standard output handle. The D com­
piler directive (see page 201) applies to such non-zero-buffer Input and 
Output files. The P and G compiler directives must be placed at the be­
ginning of a program to have any effect, i.e. before the declaration part. 
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The following program demonstrates re-directed 110. It will read charac­
ters from the standard input file, keep a count of each alphabetical char­
acter (A through Z), and output a frequency distribution graph to the 
standard output file: 

{$G512, P512, o-} 
program CharacterFrequencyCounter; 
const 

Bar #223; 
var 

Count: 
Ch: 

array[65 .. 90) of Real; 
Char; 

I~Graph: Integer; 
Max, 
Total: Real; 

begin 
Max := 0; Total := 0; 
for I := 65 to 90 do Count[I) := 0; 
while not EOF do 
begin 

Read(Ch) ; 
if Ord(Ch) > 127 then Ch := Chr(Ord(Ch)-128); 
Ch := UpCase(Ch); 
if Ch in ['A' .. 'Z') then 
begin 

Count[Ord(Ch») := Count[Ord(Ch») +1; 
if Count[Ord(Ch») > Max then Max := Count[Ord(Ch»); 
Total := Total +1; 

end; 
end; 
Write1n(' Count I'); 
for I := 65 to 90 do 
begin 

Write(Chr(I),': ',Count[I) :5:0, 
Count[I)*100/Total:5:0,' '); 

for Graph := 1 to Round(Count[I)*63/Max) do 
Write(Bar); 

Writeln; 
end; 
Writeln('Total', Total:5:0); 

end. 
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If the program is compiled into a file called COUNT.COM, then the MS­
DOS command: 

COUNT < TEXT. DOC > CHAR.CNT 

will read the file TEXT.DOC and output the graph to the file CHAR.CNT. 

Absolute Variables 
, .. 

Variables may be declared to reside at specific memory addresses, and 
are then called absolute. This is done by adding to the variable declara­
tion the reserved word absolute followed by two Integer constants 
specifying a segment and an offset at which the variable is to be locat-
ed: " 

var 
Abc: Integer absolute $OOOO:$OOEE; 
Def: Integer absolute $OOOO:$OOFO; 

The first constant specifies the segment base address, and the second 
constant specifies the offset within that segment. The standard 
identifiers CSeg and DSeg may be used to place variables at absolute 
addresses within the code segment (CSeg) or the data segment (DSeg): 

SpeCial: ar~ay[l .. CodeSize] absolute CSeg:$05F3; 

Absolute may also be used to declare a variable "on top" of another 
variable, i.e. that a variable should start at the same address as another 
variable. When absolute is followed by the identifier of a variable or 
parameter, the new variable will start at the address of that variable 
parameter. 

Example: 
var' 

Str: string[32]; 
StrLen: Byte absolute Str; 

This declaration specifies that the variable StrLen should start at the 
same address' as the variable Str, and as the first byte of a string vari­
able contains the length of the string, StrLen will contain the length of 
Str. Notice that an absolute variable declaration may only specify one 
identifier. . 
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Further details on space allocation for variables are found on page 216. 

Absolute Address Functions 

The following functions are provided for obtaining information about pro­
gram variable addresses and system pointers. 

Addr 

Dfs 

Seg 
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Syntax: Addr(Name}; 

Returns the address in memory of the first byte of the variable with the 
identifier Name. If Name is an array, it may be subscribed, and if Name 
is a record, specific fields may be selected. The value returned is a 32 
bit pointer consisting of a segment address and an offset. 

Syntax: Ofs(Name}; 

Returns the offset in the segment of memory occupied by the first byte 
of the variable, procedure or function with the identifier Name. If Name 
is an array, it may be subscribed, and if Name is a record, specific fields 
may be selected. The value returned is an Integer. 

Syntax: Seg(Name}; 

Returns the address of the segment containing the first byte of the vari­
able with the identifier Name. If Name is an array, it may be subscribed, 
and if Name is a record, specific fields may be selected. The value re­
turned is an Integer. 
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Cseg 

Syntax: Cseg; 

Returns the base address of the Code segment. The value returned is 
an Integer. 

Dseg 

Syntax: Dseg; 

Returns the base address of the Data segment. The value returned is an 
Integer. 

Sseg 

Syntax: Sseg; 

Returns the base address of the Stack segment. The value returned is 
an Integer. 

Predefined Arrays 

TURBO Pascal offers four predefined arrays of type Byte, called Mem, 
MemW, Port and PortW which are used to access CPU memory and 
data ports. 

MemArray 

The predefined arrays Mem and Mem Ware used to access memory. 
Each component of the array Mem is a byte, and each component of 
the array 

Wmem is a word (two bytes, LSB first). The index must be an address 
specified as the segment base address and an offset separated by a 
colon and both of type Integer. 

The following statement assigns the value of the byte located in seg­
ment 0000 at offset $0081 to the variable Value 

Value:=Mem[OOOO:$0081]; 
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While the following statement: 

MemW[Seg(Var) :Ofs(Var)]:=Value; 

places the value of the Integer variable Value in the memory location oc­
cupied by the two first bytes of the variable Var. 

Port Array 

The Port and PortW array are used to access the data ports of the 
8086/88 CPU. Each element of the array represents a data port, with 
the index corresponding to port numbers. As data ports are selected by 
16-bit addresses the index type is Integer. When a value is assigned to 
a component of Port or PortW it is output to the port specified. When a 
component of port is referenced in an expression, its value is input from 
the port specified. The components of the Port array are of type Byte 
and the components of PortWare of type Integer. 

Example: 
Port[56]:=lO; 

The use of the port array is restricted to assignment and reference in 
expressions only, i.e. components of Port and PortW cannot be used as 
variable parameters to procedures and functions. Furthermore, opera­
tions referring to the entire port array (reference without index) are not 
allowed. 

With Statements 

With statements may be nested to a maximum of 9 levels. 

Pointer Related Items 

MemAvail 
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The standard function MernA vail is available to determine the available 
space on the heap at any given time. The result is an Integer specifying 
the number of available paragraphs on the heap (a paragraph is 16 
bytes). 
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Pointer Values 

In very special circumstances it can be of interest to assign a specific 
value to a pointer variable without using another pointer variable or it 
can be of interest to obtain the actual value of a pointer variable. 

Assigning a Value to a Pointer 

The standard function Ptr can be used to assign specific values to a 
pOinter variable. The function returns a 32 bit pointer consisting of a 
segment address and an offset. 

Example: 
Pointer:=Ptr(Cseg,$80); 

Obtaining The Value of a Pointer 

A pointer value is represented as a 32 bit entity and the standard func­
tion Ord can therefore not be used to obtain its value. Instead the func­
tions O's and Seg must be used. 

The following statement obtains the value of the pointer P (which is a 
segment address and an offset): 

SegmentPart:=Seg(PA); 
OffsetPart:=Ofs(P A); 
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For the purpose of making DOS system calls, TURBO Pascal introduces 
a procedure MsDos, which has a record as parameter. 

Details on DOS system calls and BIOS routines are found in the IBM 
DOS Technical Reference Manual. 

The parameter to MsDos must be of the type: 

record 
AX,BX,CX,DX,BP,SI,DI,DS,ES,Flags: Integer; 

end; 

or, alternatively: 

record 
case Integer or 

1: (AX,BX,CX,DX,BP,DI,SI,DS,ES,Flags: Integer); 
2: (AL,AH,BL,BH,CL,CH,DL,DH Byte); 

end; 

Before TURBO makes the DOS system call, the registers AX, BX, ex, 
OX, BP, SI, 01, OS, and ES are loaded with the values specified in the 
record parameter. When DOS has finished operation the MsDos pro­
cedure will restore the registers to the record thus making any results 
from DOS available. 

The following example shows how to use an MsDos function call to get 
the time from DOS: 

procedure Timer (var Hour, Min, Sec, Frac: Real) ; 
type 

RegPack = record 

var 
Regs: 

AX,BX,CX,DX,BP,DI,SI,DS,ES,Flags: Integer; 
end; 

Regpack; 
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begin 
with Regs do 
begin 

AX := $2COO; 
MsOos( Regs) ; 
Hour := hi(CX); 
Min := lo(CX); 
Sec hi(OX); 
Frac lo( OX); 

end; 

end; {procedure Timer } 

User Written I/O Drivers 

Function Calls 

For some applications it is practical for a programmer to define his own 
input and output drivers, i.e. routines which perform input and output of 
characters to and from an external device. The following drivers are part 
of the TURBO environment, and used by the standard I/O drivers 
(although they are not available as standard procedures or functions): 

function 
function 
procedure 
procedure 
procedure 
function 
procedure 
function 

ConSt boolean; { 11 } 
Con In: Char; { 8 } 
ConOut (Ch: Char); { 2 } 
LstOut (Ch: Char); { 5 } 
AuxOut (Ch: Char); { 4 } 
AuxIn: Char; { 3 } 
UsrOut (Ch: Char); { 2 } 
Usrln: Char; { 8 } 

The ConSt routine is called by the function KeyPressed, the Conln and 
ConOut routines are used by the CON:, TRM:, and KBD: devices, the 
LstOut routine is used by the LST: device, the AuxOut and AuxIn rou­
tines are used by the AUX: device, and the UsrOut and Usrln routines 
are used by the USR: device. 

By default, these drivers are assigned to the DOS system calls as 
showed in curly brackets in the above listing of drivers. 

This, however, may be changed by the programmer by assigning the 
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address of a self-defined driver procedure or a driver function to one of 
the following standard variables: 

Variable 

ConStPtr 
ConlnPtr 
ConOutPtr 
LstOutPtr 
AuxOutPtr 
AuxlnPtr 
UsrOutPtr 
UsrlnPtr 

Contains the address of the 

ConSt function 
Conln function 
Con Out procedure 
LstOut procedure 
AuxOut procedure 
Auxin function 
UsrOut procedure 
Usrln function 

A user defined driver procedure or driver function must match the 
definitions given above, i.e. a ConSt driver must be a boolean function, a 
Conln driver must be a char function, etc. 

External Subprograms 

210 

The reserved word external is used to declare external procedures and 
functions, typically procedures and functions written in machine code. 

The reserved word external must be followed by a string constant 
specifying the name of a file in which executable machine code for the 
external procedure or function must reside. The default file type is 
. COM. 

During compilation of a program containing external functions or pro­
cedures, the associated files are loaded and placed in the object code. 
As it is impossible to know in advance exactly where in the object code 
the external code will be placed this code must be relocatable, and no 
references must be made to the data segment. Furthermore the exter­
nalcode must save the registers BP, CS, DS and SS and restore these 
before executing the RET instruction. 

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 a filename specifying where 
to find the executable code for the subprogram. 
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Example: 
procedure DiskReset; external 'DSKRESET'; 
function IOstatus: boolean; external 'IOSTAT'; 

An external file may contain code for more than one subprogram. The 
first subprogram is declared as described above, and the following are 
declared by specifying the identifier of the first subprogram followed by 
an an integer constant specifying an offset, enclosed in square brackets. 
The entry point of each subprogram is the address of the first subpro­
gram plus the offset. 

Example: 
procedure Coml; external' SERIAL. BIN' ; 
function ComlSta t: Boolean; external Coml [3] ; 
procedure ComlIn: Char; external Coml[6]; 
procedure ComlOut: Char; external Coml [9] ; 

The above example loads the file SERIAL.BIN into the program code, 
and defines four procedures called Com 1, Com 1 Stat, Com 1 In, and 
Com 10ut with entry pOints at the base address of the external code 
plus 0, 3, 6 and 9, respectively. When an external file contains several 
subprograms, the first part of the code is typically a jump table, as as­
sumed in the example. In that way, the entry pOints of the subprograms 
remain unchanged if the external file is modified. 

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 'PLOT'; 
procedure QuickSort(var List: PartNo); external 'QS'; 

External subprograms and parameter passing is discussed further on 
page 221. 

In-line Machine Code 

TURBO Pascal features the inline statements 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. 
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A code element is built from one or more data elements, separated by 
plus (+) or minus (-) signs. A data element is either an integer con­
stant, 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, Le. the ad­
dress 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 a-bit range, or if the code element refers to variable, 
procedure, or function identifiers, or if the code element contains a loca­
tion counter reference, one word of code is generated (least significant 
byte first). 

The I <' and I >' characters may be used to override the automatic 
size selection described above. If a code element starts with a I < ' 
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 I > ' character, a word 
is always coded, even though the most significant byte is zero. 

Example: 
inline «$1234/>$44); 

This inline statement generates three bytes of code: $34, $44, $00. 

The value of a variable identifier use in a in line statement is the offset 
address of the variable within its base segment. The base segment of 
global variables (Le. variables declared in the main program block) is the 
data segment, which is accessible through the OS register. The base 
segment of local variables (Le. variables declared within the current sub­
program) is the stack segment, and in this case the variable offset is re­
lative to the BP (base page) register, the 
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use of which automatically causes the stack segment to be selected. 
The base segment of typed constants is the code segment, which is ac­
cessible through the CS register. inline statements should not attempt 
to access variables that are not declared in the main program nor in the 
current subprogram. 

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

procedure UpperCase(var Strg: Str) ; 
{Str is type String[255]} 
begin 

inline 
($C4/$BE/Strgl { LES 01,Strg[BP] } 
$26/$8A/$001 { MOV CL, ES: [01] } 
$FE/$Cll { INC CL } 
$FE/$C91 { L1: OEC CL } 
$74/$131 { JZ L2 } 
$471 { INC 01 } 
$26/$801$30/$611 { CMP ES:BYTE PTR [01] , 'a'} 
$72/$F51 { JB L1 } 
$26/$801$30/$7AI { CMP ES:BYTE PTR [01] , 'z'} 
$77/$EFI { JA L1 } 
$26/$801$20/$201 { SUB ES:BYTE PTR [01] ,20H} 
$EB/$E9) ; { JMP SHORT L1 } 

{ L2: } 

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 registers BP, SP, OS, 
and SS must be the same on exit as on entry. 
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Interrupt Handling 

A TURBO Pascal interrupt routine must manually preserve registers AX, 
BX, CX, OX, SI, 01, OS and ES. This is done by placing the following in­
line statement as the first statement of the procedure: 

inline ($50/$53/$5l/$52/$56/$57/$lE/$06/$FB); 

The last byte ($FB) is an STI instruction which enables further interrupts 
- it mayor may not be required. The following inline statement must be 
the last statement in the procedure: 

inline ($07/$lF/$5F/$5E/$5A/$59/$5B/$58/$8B/$E5/$5D/$CF); 

This restores the registers and reloads the stack pOinter (SP) and the 
base page register (BP). The last byte ($CF) is an IRET instruction which 
overrides the RET instruction generated by the compiler. 

An interrupt service procedure must not employ any 110 operations us­
ing the standard procedures and functions of TURBO Pascal, as the 
BOOS is not re-entrant. The programmer must initialize the interrupt 
vector used to activate the interrupt service routine. 

Intr procedure 
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Syntax: Intr(lnterruptNo, Resum 

This procedure initializes the registers and flags as specified in the 
parameter Result which must be of type: 

Result = record 
AX,BX,CX,OX,BP,SI,OI,OS,ES,Flags: Integer; 

end; 

It then makes the software interrupt given by the parameter interruptNo 
which must be an Integer constant. When the interrupt service routine 
returns control to your program, Result will contain any values returned 
from the service routine. 
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Note that the data segment register OS, used to access global variables, 
will not have the correct value when the interrupt service routine is en­
tered. Therefore, global variables cannot be directly accessed. Typed 
constants, however, are available, as they are stored in the code seg­
ment. The way to access global variables in the interrupt service routine 
is therefore to store the value of Dseg in a typed constant in the main 
program. This typed constant can then be accessed by the interrupt 
handler and used to set its DS register. 
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Internal Data Formats 

In the following descriptions, the symbol @ denotes the offset of the 
first byte occupied by a variable of the given type within its segment. 
The segment base address can be determined by using the standard 
function 5eg. 

Global and local variables, and typed constants occupy different seg­
ments as follows: 

Global variables reside in the data segment and the offset is relative to 
the DS register. 

Local variables reside in the stack segment and the offset is relative to 
the BP register. 

Typed constants reside in the code segment and the offset is relative to 
the CS register. 

All variables are contained within their base segment. 

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. 

Scalars 
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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 de­
clared scalars with more than 256 possible values. These bytes contain 
a 2's complement 16-bit value with the least significant byte stored first. 
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Rea/s 

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 ex­
ponent 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 in­
teger 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, however, a 1 indicating that the 
number is negative, and a 0 indicating that the number is positive. 

Strings 

A string occupies as many bytes as its maximum length plus one. The 
first byte contains the current length of the string. The following bytes 
contains the string 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: 

@ 
@ +1 
@ +2 

@ +L 
@ +L+1 

@ + Max 

Current length (L) 
First cha~acter 
Second character 

Last character 
Unused 

Unused 
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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: 

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 ordinal value of the element. 

Pointers 
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A pointer consists of four bytes containing a segment base address and 
an offset. The two least significant bytes contains the offset and the two 
most significant bytes the base address. Both are stored in memory us­
ing byte reversed format, i.e. the least significant byte is stored first. The 
value nil corresponds to two zero words. 
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Data Structures 

Data structures are built from the basic data types using various struc­
turing 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. 

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[l .. 8,1 .. 8] of Square 

you have the following memory layout of its components: 

lowest address: Board[l,l] 
Board[1,2] 

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

Highest address: Board[8,8] 

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 largest of its variant parts. Each variant 
starts at the same memory address. 
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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). 

File Interface Blocks 
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The following table shows the format of a FIB: 

@+O 
@+1 
@+2 
@+3 
@+4 
@+5 
@+6 
@+7 
@+8 
@+9 
@+10 
@+11 
@+12 

@+75 

File handle (LSB). 
File handle (MSB). 
Record length (LSB) or flags byte. 
Record length (MSB) or character buffer. 
Buffer offset (LSB). 
Buffer offset (MSB). 
Buffer size (LSB). 
Buffer size (MSB). 
Buffer pOinter (LSB). 
Buffer pointer (MSB). 
Buffer end (LSB). 
Buffer end (MSB). 
First byte of file path. 

Last byte of file path. 

The word at @ + 0 and @ + 1 contains the 16-bit file handle returned 
by MS-DOS when the file was opened (or OFFFFH when the file· is 
closed). For typed and untyped files, the word at @ + 2 and @ + 3 con­
tains the record length in bytes (zero if the file is closed), and bytes 
@+4 to @+ 11 are unused. . 

For text files, the format of the flags byte at @ + 2 is: 

Bit 0 .. 3 
Bit 5 
Bit 6 
Bit 7 

File type. 
Pre-read character flag. 
Output flag. 
Input flag. 

File type 0 denotes a disk file, and 1 through 5 denote the TURBO Pas­
cal logical I/O devices (CON:, KBD:, LST:, AUX:, and USR:). 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. . 
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The four words from @ + 4 to @ + 11 store the offset address of the 
buffer, its size, the offset of the next character to read or write, and the 
offset of the first byte after the buffer. The buffer always resides in the 
same segment as the FIB, usually starting at @ + 76. When a textfile is 
assigned to a logical device, only the flags byte and the character buffer 
are used. 

The file path is an ASCII string (a string terminated by a zero byte) of up 
to 63 characters. 

Random Access Files 

A random access file consists of a sequence of records, all of the same 
length and same internal format. To optimize file storage capacity, the 
records of a file are totally contiguous. . 

TURBO saves no information about the record length. The programmer 
must therefore see to it that a random access file is accessed with the 
correct record length. 

The size returned by the standard function Filesize is obtained from the 
DOS directory. 

Text Files 

The basic components of a text file are characters, but a text file is 
furthermore divided into lines. Each line consists of any number of char­
acters ended by a CR/LF sequence (ASCII $00/ $OA). The file is ter­
minated by a Ctrl-Z (ASCII $1 B). 

Parameters 

Parameters are transferred to procedures and functions via the stack 
which is addressed through SS:SP. 

On entry to an external subroutine, the top of the stack always contains 
the return address within the code segment (a word). The parameters, if 
any, are located below the return address, i.e. at higher addresses on 
the stack. 
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If an external function has the following subprogram header: 

function Magic(var R: Real; S: string5): Integer; 

then the stack upon entry to Magic would have the following contents: 

< Function result > 
< Segment base address of R > 
< Offset address of R > 
< First character of S > 

< Last character of S > 
< Length of S > 
< Return address > SP 

An external subroutine should save the Base Page register (BP) and 
then copy the Stack Pointer SP into the Base Page register in order to 
be able to refer to parameters. Furthermore the subroutine should 
reserve space on the stack for local workarea. This ca!1 be obtained by 
the following instructions: .. 

PUSH BP 
MOV BP,SP 
SUB SP,WORKAREA 

The last instruction will have the effect of adding the following to the 
stack: 

< Return address > BP 
< The saved BP register > 
< First byte of local workarea > 

< Last byte of local work area > SP 

Parameters are accessed via the BP register. 

The following instruction will load length of the string into the AL regis­
ter: 

MOV AL,[BP-l] 
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Before ·executing a· RET instruction the subprogram must reset the 
Stack Pointer and Base Page register to their original values. When exe­
cuting the RET the parameters may be removed by giving RET a param­
eter specifying how many bytes to remove. The following instructions 
should therefore be used when exiting from a subprogram: 

.MOV SP,BP 
POP BP 
RET NoOfBytesToRemove 

Variable Parameters 

With a variable (var) parameter, two words are transferred on the stack 
giving the base address and offset of the first byte occupied by the actu­
al parameter. 

Value Parameters 

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

Scalars 

Reals 

Integers, Booleans, Chars and declared scalars (Le. all scalars except 
Reals) 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 parame­
ter is zero. 

A real is transferred on the stack using six bytes. 

Strings 

When a string is at the top of the stack, the topmost byte contains the 
length of the string followed by the characters of the string. 
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Sets 

A set always occupies 32 bytes on the stack (set compression only ap­
plies to the loading and storing of sets). 

Pointers 

A pointer value is transferred on the stack as two words containing the 
base address and offset of a dynamic variable. The value NIL 
corresponds to two zero words. 

Arrays and Records 

Even when used as value parameters, Array and Record parameters are 
not actually transferred on the stack. Instead, two words containing the 
base address and offset of the first byte of the parameter are 
transferred. It is then the responsibility of the subroutine to use this in­
for'!lation to make a local copy of the variable. 

Function Results 

224 

User written external functions must remove all parameters and the 
function result from the stack when they return. 

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

Values of scalar types, except Reals, must be returned in the AX regis­
ter. If the result is only one byte then AH should be set to zero. Boolean 
functions must return the function value by setting the Z flag (Z = 
False, NZ = True). 

Reals must be returned on the stack with the exponent at the lowest 
address. This is done by not removing the function result variable when 
returning. 

Sets must be returned on the top of the stack according to the format 
described on page 223. On exit SP must point at the byte containing the 
string lengt~. 

Pointer values must be returned in DX:AX. 
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The Heap and The Stacks 

During execution of TURBO Pascal program the following segments are 
allocated for the program: 

a Code Segment, 
a Data Segment, and 
a Stack Segment 

Two stack-like structures are maintained during execution of a program: 
the heap and the 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 low memory in the stack 
segment and the heap grows upwards towards the stack. The pre­
defined variable HeapPtr contains the value of the heap pointer and al­
lows the programmer to control the position of the heap. 

The stack is used to store local variables, intermediate results during 
evaluation of expressions and to transfer parameters to procedures and 
functions. At the beginning of a program, the stack pOinter is set to the 
address of the top of the stack segment. 

On each call to the procedure New and on entering a procedure or func­
tion, the system checks for collision between the heap and the recursion 
stack. If a collision has occurred, an execution error re'sults, unless the 
K compiler directive is passive ({ $K-}). 
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Memory Management 
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When a TURBO program is executed, three segments are allocated for 
the program: A code segment, a data segment, and a stack segment. 

Code segment (CS is the code segment register): 

CS:OOOO - CS:OOFF 
CS:OlOO - CS:EOFR 
CS:EOFR - CS:EOFP 
CS:EOFP - CS:EOFC 

MS-DOS base page. 
Run-tim~ library code. 
Program code. 
Unused. 

Data segment (DS is the data segment register): 

DS:OOOO - DS:EOFW 
DS:EOFW - DS:EOFM 
DS:EOFM - DS:EOFD 

Run-time library workspace. 
Main program block variables. 
Unused. 

The unused areas between (CS:EOFP-CS:EOFC and DS:EOFM­
DS:EOFD) are allocated only if a minimum cOde segment size larger 
than the required size is specified at compilation. The sizes of the code 
and data segments never exceed 64K bytes each. ' 

The stack segment is slightly more complicated, as it may be larger than 
64K bytes. On entry to the program the stack segment register (SS) and 
the stack pointer (SP) is loaded so that SS:SP points at the very last 
byte available in the entire segment. During execution of the program 
SS is never changed but SP may move downwards until it reaches the 
bottom of the segment, or 0 (corresponding t064K bytes of stack) if the 
stack segment is larger than 64K bytes. ' 

The heap grows from low memory in the stack segment towards the ac­
tual stack residing in high memory. Each time .a variable is allocated on 
the heap, the heap pointer (which is a double word variable maintained 
by the TURBO run-time system) is moved- upwards, and then normal­
ized, so that the offset address is always 'between $0000 and $ObOF. 
Therefore, the maximum size of a single variable"that can be allocateq 
on the heap is 65521 bytes (corresponding to $10000 less $OOOF).'T~e 
total size of all variables allocated on the heap is however oilly limited by 
the amount of memory available. The heap pointer is"availableto the 
programmer through the HeapPtr standard identifier. HeapPtr is a type­
less pointer which is compatible with all' pOinter-types. ASSignments to 
HeapPtr should be exercised only'with extreme care. t: 

" 
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Chapter 21 
CP/M-86 

This chapter describes features of TURBO Pascal specific to the CP/M-
86 implementation. It presents two kinds of information: 

1) Things you should know to make efficient use of TURBO Pascal. Pages 
227 through 240. 

2) The rest of the chapter describes things which are of interest only to ex­
perienced programmers, such as machine language routines, technical 
aspects of the compiler, etc. 

Compiler Options 

The 0 command selects the following menu from which you may view 
and change some default values of the compiler. It also provides a help­
ful function to find runtime errors in programs compiled into object code 
files. 

compile -> Memory 
Cmd-file 
cHn-file 

command line Parameter: 

Find run-time error Quit 

Figure 21-1: Options Menu 

Memory / Cmd file / cHn-file 

The three commands M, C, and H select the compiler mode, i.e. where 
to. put the code which results from the compilation. Memory is the de­
fault mode. When active, code is produced in memory and resides there 
ready to be activated by a Run command. 
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Cmd-file is selected by pressing C. The arrow moves to point to this line. 
The compiler writes code to a file with the same name as the Work file 
(or Main file, if specified) and the file type .CMD. This file contains the 
program code and Pascal runtime library, and may be activated by typ­
ing its name at the console. 

cHain-file is selected by pressing H~ The arrow moves to point to this 
line. The compiler writes code to a file with the same name as the Work 
file (or Main file, if specified) and the file type .CHN. This file contains the 
program code but no Pascal library and must be activated from another 
TURBO Pascal program with the Chain procedure (see page 231). 

When the Cmd or cHn mode is selected, four additional lines will appear 
on the screen: 

minimum cOde 
minimum Data 
mInimum free 
mAximum free 

segment 
segment 
dynamic 
dynamic 

size: 
size: 
memory: 
memory: 

XXXX paragraphs (max.YYYY) 
XXXX paragraphs (max.YYYY) 
XXXX paragraphs 
XXXX paragraphs 

Figure 21-2: Memory Usage Menu 

The use of these commands are described in the following sections. 

Minimum Code Segment Size 

228 

The O-command is used to set the minimum size of the code segment 
for a .CMD using Chain or Execute. As discussed on page 231, Chain 
and Execute do not change the base addresses of the code, data, and 
stack segments, and a 'root' program using Chain or Execute must 
therefore allocate segments of sufficient size to accommodate the larg­
est segments in any Chained or Executed program. 

Consequently, when compiling a 'root' program, you must set the value 
of the Minimum Code. Segment Size to at least the same value as the 
largest code segment size of the programs to be chained/executed from 
that root. The required values are obtained from the status printout ter­
minating any compilation. The values are in hexadecimal and specify 
number of paragraphs, a paragraph being 16 bytes. 
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Minimum Data Segment Size 

The D-command is used to set the minimum size of the data segment for a 
.CMD using Chain or Execute. As discussed above, a 'root' program us­
ing these commands must allocate segments of sufficient size to accom­
modate the largest data of any Chained or Executed program. 

Consequently, when compiling a 'root' program, you must set the value of 
the Minimum Data Segment Size to at least the same value as the largest 
data segment size of the programs to be chained/executed from that root. 
The required values are obtained from the status printout terminating any 
compilation. The values are in hexadecimal and specify number of para­
graphs, a paragraph being 16 bytes. 

Minimum Free Dynamic Memory 

This value specifies the minimum memory size required for stack and 
heap. The value is in hexadecimal and specifies a number of paragraphs, a 
paragraph being 16 bytes. 

Maximum Free Dynamic Memory 

This value specifies the maximum memory size allocated for stack and 
heap. It must be used in programs which operate in a multi-user environ­
ment like Concurrent CP /M-86 to assure that the program does not allo­
cate the entire free memory. The value is in hexadecimal and specifies a 
number of paragraphs, a paragraph being 16 bytes. 

Command Line Parameters 

The P-command lets you enter one or more parameters which are passed 
to your program when running it in Memory mode, just as if they had been 
entered on the DOS command line. These parameters may be accessed 
through the ParamCount and ParamStr functions. 

Find Runtime Error 

When you run a program compiled in memory, and a runtime error occurs, 
the editor is invoked, and the error is automatically pointed out. This, of 
course, is not possible if the program is in a .CMD file or an .CHN file. Run 
time errors then print out the error code and the value of the program 
counter at the time of the error: 
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Run-time error 01, PC=lB56 
Program aborted 

Figure 21-3: Run-time Error Mes~age 

To find the place in the source text where the error occurred, enter the 
F. command. When prompted for the address, enter the address given 
by the error message: 

Enter PC: IB56 

Figure 21-4: Find Run-time Error 
.. 

The place in the sOl!rce text is now found and pointed ol,Jt.exactly as if 
the error had occurred while running the program in memorY. 

Notice that locating errors in programs using overlays can be a bit more 
tricky, as explained on page 156. 

Standard Identifiers 

230 

The following standard identifiers are unique to the 16-bit implementa­
tions: 

8dos 
CSeg 
DSeg 

Intr 
MemW 

Ofs. 
PortW 

Seg 
SSeg 
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Chain and Execute 

TURBO Pascal provides two procedures Chain and Execute which allow 
TURBO programs to activate other TURBO programs. The syntax of the 
proqedure calls are: 

Chain( FilVar) 
Execute(FiIVar) 

where FilVar is a file variable of any type, previously assigned to a disk 
file with the standard procedure Assign. If the file exists, it is loaded into 
memory ~nd executed. 

The Chain procedure is used only to activate special TURBO Pascal 
.cHN files, i.e. files compiled with the cHn-file option selected on the 
Options menu (see page 190). Such a file contains only program code; 
no Pascal library, it uses the Pascal library already present in memory. 

The Execute procedure is used to activate any TURBO Pascal .CMD 
file ... 

It" the disk file does not exist, an I/O error occurs. This error is treated as 
described on page 116. When the I compiler directive is passive ({$I-}), 
program execution continLles with the statement following the failed 
Chain or Execute statement, and the IOresu/t function must be called 
prior to further I/O. 

Data can be transferred from the current program to the chained pro­
gram either by shared global variables or by absolute address variables. 

To ensure overlapping, shared global variables should be declared as 
the very first variables in both programs, and they must be, listed in the 
same order in both declarations. Furthermore, both programs' must be 
compiled to the same' size of code and data segments (see pages 228 
and' 229). When these conditions are satisfied, the variables will be 
placed at the same address in memory by both programs, and as 
TURBO Pascal does not automatically initialize its variables; they may 
be shared. ,,' 
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Example: 
Program MAIN. CMD: 

program Main; 
var 

Txt: 
CntPrg: 

begin 

string[ 80] ; 
file; 

Write('Enter any text: '); Readln(Txt); 
Assign(CntPrg, 'ChrCount.chn'); 
Chain( CntPrg); 

end. 

Program CHRCOUNT.CHN: 

program ChrCount; 
var 

Txt: string[ 80] ; 
NoOfChar, 
NoOfUpc, 
I: Integer; 

begin 
NoOfUpc := 0; 
NoOfChar := Length(Txt); 
for I := 1 to length(Txt) do 

if Txt[I] in ['A' .. 'Z'] then NoOfUpc ;= Succ(NoOfUpc); 
Write( 'No of characters in entry: ',NoOfChar); 
Writeln('. No of upper case characters: " NoOfUpc,'.'); 

end. 

If you want a TURBO program to determine whether it was invoked by 
eXecute or directly from the CP/M command line, you should use an ab­
solute variable at address D5eg:$80. This is the command line length 
byte, and when a program is called from CP/M, it contains a value 
between 0 and 127. When eXecuting a program, therefore, the calling 
program should set this variable to something higher than 127. When 
you then check the variable in the called program, a value between 0 
and 127 indicates that the program was called from CP/M, a higher 
value that it was called from another TURBO program. 
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Chaining and eXecuting TURBO programs does not alter the memory al­
location state. The base addresses and sizes of the code, data and 
stack segments are not changed; Chain and Execute only replace the 
program code in the code segment. 'Alien' programs, therefore, cannot 
be initiated from a TURBO program. 

It is important that the first program which executes a Chain statement 
allocates enough memory for the code, data, and stack segments to ac­
commodate largest .CHN program. This is done by using the Options 
menu to change the minimum code, data and free memory sizes (see 
page 190). 

Note that neither Chain nor Execute can be used in direct mode, that is, 
from a program run with the compiler options switch in position Memory 
(page 190). 

Overlays 

During execution, the system normally expects to find its overlay files on 
the logged drive. The OvrDrive procedure may be used to change this 
default value. 

OvrDrive Procedure 

Syntax: OvrDrive{Drive); 

where Drive is an integer expression specifying a drive (O = logged 
drive, 1 = A:, 2 = B:, etc.). On subsequent calls to overlay files, the files 
will be expected on the specified drive. Once an overlay file has been 
opened on one drive, future calls to the same file will look on the same 
drive. 

Example: 
program OvrTest; 

overlay pr.ocedure ProcA; 
begin 

Writeln('Overlay A'); 
end; 
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overlay procedure ProcB; 
begin 

Writeln( 'Overlay B'); 
~nd; 

procedure Dummy; 
begin 

{Dummy procedure to separate the overlays 
into two groups} 

end; 

overlay procedure ProcC; 
begin 

Writeln( 'Overlay C'); 
end; 

begin 
OvrDrive(2) ; 
ProcA; 
OvrDrive(O) ; 
ProcC; 
OvrDrive(2) ; 

. ProcB; 
end. 

The first call to OvrDrive specifies overlays to be sought on the 8: drive. 
The call to ProcA therefore causes the first overlay file (containing the 
two overlay procedures ProcA and ProcB to be opened here. 

Next, the. OvrDrive(O) statement specifies that follo~ing overlays are to 
be found on the logged drive. The call to ProcC opens the second over­
lay file here. 

The following ProcB statement calls an overlay procedure in the first 
overlay file; and to ensure that it is sought· on the B: drive, the 
OvrDrive(2) statement must be executed before the call. 
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File·Names 

Files 

A file name in CP/M consists of one through eight letters or digits, op­
tionally followed by a period and a file type of one through three letters 
or digits: 

Drive: Name. Type 

Text Fiie,s 

. The Seek and Flush procedures and the FilePos and FileSize functions 
are·not.applicable to CP/M text files. . 

Buffer Size· 

The text file buffer size is 128 bytes by default. This is adequate for 
most applications, but heavily I/O-bound programs, as for example a 
copy program, will benefit from a larger buffer, as it will reduce disk 
head movement. 

You are therefore given the option to specify the buffer size when de­
claring ·a text file: 

VAR 
TextFile: Text[$lOOO]; 

declares a text file variable with a buffer size of 4K bytes. 
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Absolute Variables 

236 

Variables may be declared to reside at specific memory addresses, and 
are then called absolute. This is done by adding to the variable declaration 
the reserved word absolute followed by two Integer constants spec­
ifying a segment and an offset at which the variable is to be located: 

var 
Abc: Integer absolute $OOOO:$OOEE; 
Der: Integer absolute $OOOO:$OOFO; 

The first constant specifies the segment base address, and the second 
constant specifies the offset within that segment. The standard 
identifiers CSeg and DSeg may be used to place variables at absolute 
addresses within the code segment (C8eg) or the data segment (08eg): 

Special: array[l .. CodeSize] absolute CSeg:$05F3; 

Absolute may also be used to declare a variable "on top" of another 
variable, i.e. that a variable should start at the same address as another 
variable. When absolute is followed by the identifier of a variable or 
parameter, the new variable will start at the address of that variable 
parameter. 

Example: 
var 

Str: string[ 32] ; 
StrLen: Byte absolute Str; 

This declaration specifies that the variable StrLen should start at the 
same address as the variable Str, and as the first byte of a string vari­
able contains the length of the string, StrLen will contain the length of 
Str. Notice that an absolute variable declaration may only specify one 
identifier. 

Further details on space allocation for variables are found on page 246. 
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Absolute Address Functions 

The following functions are provided for obtaining information about pro­
gram variable addresses and system pointers. 

Addr 

Dis 

Seg 

Syntax: Addr{Name) 

Returns the address in memory of the first byte of the variable with the 
identifier Name. If Name is an array, it may be subscribed, and if Name 
is a record, specific tields may be selected. The value returned is a 32 
bit pointer consisting of. a segment address and an offset. 

Syntax: Ofs{Name) 

Returns the offset in the segment of memory occupied by the first byte 
of the variable, procedure or function with the identifier' Name. If Name 
is an array, it may be subscribed, and if Name is a record, specific fields 
may be selected. The value returned is an Integer. . 

Syntax: Seg{Name) 

Returns the address of the segment containing the first byte of the vari­
able, procedure or function with the identifier Name. If Name is an array, . 
it may be subscribed, and if Name is a record, specific fields may be 
selected. The value returned is an Integer. 

Cseg 

Syntax: Cseg 

Returns the base address of the Code segment. The value returned is 
an Integer. 
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Dseg 

Syntax: Dseg 

Returns the base address of the Data segment. The value returned is an 
Integer. 

Sseg 

Syntax: Sseg 

Returns the base address of the Stack segment. The value returned is 
an Integer. 

Predefined Arrays 

TURBO Pascal offers four predefined arrays of type Byte, called Mem, 
MemW, . Port and PortW which are used to access CPU memory and 
data ports. 

MemArray 

238 

The predefined arrays Mem and MemWare used to access memory. 
Each component of the array Mem is a byte, and each component of 
the array Wmem is a word (two bytes, LSB first). The index must be an 
address specified as the segment base address and an offsE't separated 
by a colon and both of type Integer. 

The following statement assigns the value of the byte located in seg­
ment 0000 at offset $0081 to the variable Value 

Value:=Mem[OOOO:$0081]; 

While the following statement: 

MemW[Seg(Var):Ofs(Var)]:=Value; 

places the value of the Integer variable Value in the memory location oc­
cupied by the two first bytes of the variable Var. 
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Port Array 

The Port and PortW array are used to access the data ports of the 
8086/88 CPU. Each element of the array represents a data port, with 
the index corresponding to port numbers. As data ports are selected by 
16-bit addresses the index type is Integer. When a value is assigned to 
a component of Port or PortW it is output to the port specified. When a 
component of port is referenced in an expression, its value is input from 
the port specified. The components of the Port array are of type Byte 
and the components of PortW are of type Integer. 

Example: 
Port[56] :=10; 

The use of the port array is restricted to assignment and reference in 
expressions only, i.e. components of Port and PortW cannot be used as 
variable parameters to procedures and functions. Furthermore, opera­
tions referring to the entire port array (reference without index) are not 
allowed. 

With Statements 

With statements may be nested to a maximum of 9 levels. 

Pointer Related Items 

MemAvaii 

The standard function MernA vail is available to determine the available 
space on the heap at any given time. The result is an Integer specifying 
the number of available paragraphs on the heap (a paragraph is 16 
bytes). 

Pointer Values 

In very special circumstances it can be of interest to assign a specific 
value to a pointer variable without using another pointer variable or it 
can be of interest to obtain the actual value of a pointer variable. 
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Assigning a Value to a Pointer 

The standard function Ptr can be used to assign specific values to a 
pointer variable. The function returns a 32 bit pointer consisting of a 
segment address and an offset. 

Example: 
Pointer:=Ptr(Cseg,$80); 

Obtaining The' Value of a Pointer 

A pOinter value is represented as a 32 bit entity and the standard func­
tion Ord can ther~fore not be used to obtain its value. Instead the func­
tions Ofs and Seg must be used. 

The, following statement obtains the value of the pointer P (which is a 
segment address and an offset): 

SegmentPart:=Seg(pA); 
OffsetPart:=Ofs(PA); 

Function Calls 

240 

For the purpose of calling the CP IM-86 BOOS, TURBO Pascal intro­
duces a procedure Bdos, which has a record as parameter. 

Details on BOOS and BIOS routines are found in the CP/M-86 Operat­
ing System Manual published by Digital Research. 

The parameter to Bdos must be of the type: 

record 
AX,BX,CX,DX,BP,SI,DI,DS,ES,Flags: Integer; 

end; 

Before TURBO calls the BOOS, the registers AX, BX, ex, OX, BP, SI, 
01, OS, and ES are loaded with the values specified in,the record param­
eter. When the BOOS has finished operation the Bdos procedure will re­
store the registers to the record thus making any results from the BOOS 
available. 
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User Written I/O Drivers 

For some applications it is practical for a programmer to define his own 
input and output drivers, i.e. routines which perform input and output of 
characters to and from an external device. The following drivers are part 
of the TURBO environment, and used by the standard 110 drivers 
(although they are not available as standard procedures or functions): 

function 
function 
procedure 
procedure 
procedure 
function 
procedure 
function 

ConSt boolean; { 6 } 
Conln: Char; { 6 } 
ConOu~Ch: Char); { 6 } 
LstOu~Ch: Char); { 5 } 
AuxOu~Ch: Char); { 4 } 
AuxIn: Char; { 3 } 
UsrOu~Ch: Char); { 6 } 
Usrln: Char; { 6 } 

The ConSt routine is called by the function KeyPressed, the Conln and 
Con Out routines are used by the CON:, TRM:, and KBO: devices, the 
LstOut routine is used by the LST: device, the AuxOut and AuxIn rou­
tines are used by the AUX: device, and the UsrOut and Usrln routines 
are used by the USR: device. 

By default, these drivers are assigned to the BOOS functions as showed 
in curly braces in the above listing of drivers. 

This, however, may be changed by the programmer by assigning the ad­
dress of a self-defined driver procedure or a driver function to one of the 
following standard variables: 

Variable 

ConStPtr 
ConlnPtr 
ConOutPtr 
LstOutPtr 
A uxOutPtr 
AuxlnPtr 
UsrOutPtr 
UsrlnPtr 
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Contains the address of the 

ConSt function 
Con In function 
ConOut procedure 
LstOut procedure 
AuxOut procedure 
AuxIn function 
UsrOut procedure 
Usrln function 
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A user defined driver procedure or driver function must match the 
definitions given above, i.e. a ConSt driver must be a boolean function, a 
Conln driver must be a char function, etc. 

External Subprograms 
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The reserved word external is used to declare external procedures and 
functions, typically procedures and functions written in machine code. 

The reserved word external must be followed by a string constant 
specifying the name of a file in which executable machine code for the 
external procedure or function must reside. 

During compilation of a program containing external functions or pro­
cedures the associated files are loaded and placed in the object code. 
Since it is impossible to know beforehand exactly where in the object 
code the external code will be placed this code must be relocatable, and 
no references must be made to the data segment. Furthermore the 
external code must save the registers BP, CS, OS and SS and restore 
these before executing the RET instruction. 

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 a filename specifying where 
to find the executable code for the subprogram. 

The type of the filename is .CMD. Only the code segment of a .CMD file 
is loaded. 

Example: 
procedure DiskReset; external 'DSKRESET'; 
function IOstatus: boolean; external 'IOSTAT'; 

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 'PLOT'; 
procedure QuickSort(var List: PartNo); external 'QS'; 

External subprograms and parameter passing is discussed further on 
page 252. 

TURBO Pascal Reference Manual 



In-line Machine Code 

In-line Machine Code 

TURBO Pascal features the inline statements 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 con­
stant, 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 (lO/$2345/count+l/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 ad­
dress 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 loca­
tion 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); 

This inline statement generates three bytes of code: $34, $44, $00. 
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The value of a variable identifier use· in a inline statement is the offset 
address of the variable' within its base segment. The base segment of 
global variables (Le. variables'declared in the main program block) is the 
data segment, which is: accessible through the OS register. The base 
segment of local variables (Le. variables declared within the current sub­
program) is the stack segment, and in this case the variable offset is re­
lative to the BP (base page) register,' the use of which automatically 
causes the stack segment to be selec~ed. The base segment of typed 
constants is the code segment, which is accessible through the CS re­
gister. inline statements should not attempt to access variables that are 
not declared in the main program nor in the current subprogram. 

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

procedure UpperCase(var Strg: Str) ; 
{Str is type String[255]} 
begin 

inline 
($C4/$BE/Strgl { LES OI,Strg[BP] } 
$26/$8A/$001 { MOV CL, ES: [OI] } 
$FE/$Cll { INC CL } 
$FE/$C91 { Ll: DEC CL } 
$74/$131 { JZ L2 } 

$471 { INC OI } 
$26/$801$30/$611 { CMP ES:BYTE PTR [OI], 'a'} 
$72/$F51 { JB Ll } 
$26/$801$30/$7AI { CMP ES:BYTE PTR [DI] , 'z'} 
$77/SEFI { JA Ll } 
$26/$801$20/$201 { SUB ES:BYTE PTR [OI], 20H} 
$EB/$E9) ; { JMP SHORT Ll } 

{ L2: } 

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 registers BP, SP, OS, 
and SS must be the same on exit as on entry. 
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Interrupt Handling 

A TURBO Pascal interrupt routine must manually preserve registers AX, 
BX, CX, OX, SI, 01, OS and ES. This is done by placing the following in­
line statement as the first statement of the procedure: 

inline ($50/$53/$5l/$52/$56/$57/$lE/$06/$FB); 

The last byte ($FB) is an STI instruction which enables further interrupts 
- it mayor may not be required. The following inline statement must be 
the last statement in the procedure: 

inline ($07/$lF/$5F/$5E/$5A/$59/$5B/$58/$8B/$E5/$5D/$CF); 

This restores the registers and reloads the stack pointer (SP) and the 
base page register (BP). The last byte ($CF) is an IRET instruction which 
overrides the RET instruction generated by the compiler. 

An interrupt service procedure must not employ any I/O operations us­
ing the standard procedures and functions of TURBO Pascal, as the 
BOOS is not re-entrant. The programmer must initialize the interrupt 
vector used to activate the interrupt service routine. 

Intr procedure 

Syntax: Intr(lnterruptNo, Result) 

This procedure initializes the registers and flags as specified in the 
parameter Result which must be of type: 

Result = record 
AX,BX,CX,DX,BP,SI,DI,DS,ES,Flags: Integer; 

end; 

It then makes the software interrupt given by the parameter interruptNo 
which must be an Integer constant. When the interrupt service routine 
returns control to your program, Result will contain any values returned 
from the service routine. 
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Note that the data segment register OS, used to access global variables, 
will not have the correct value when the interrupt service routine is en­
tered. Therefore, global variables cannot be directly accessed. Typed 
constants, however, are available, as they are stored in the code seg­
ment. The way to access global variables in the interrupt service routine 
is therefore to store the value of Dseg in a typed constant in the main 
program. This typed constant can then be accessed by the interrupt 
handler and used to set its OS register. 

Internal Data Formats 

In the following descriptions, the symbol @ denotes the offset of the 
first byte occupied by a variable of the given type within its segment. 
The segment base address can be determined by using the standard 
function Seg. 

Global and local variables, and typed constants occupy different seg­
ments as follows: 

Global variables reside in the data segment and the offset is relative to 
the OS register. 

Local variables reside in the stack segment and the offset is relative to 
the BP register. 

Typed constants reside in the code segment and the offset is relative to 
the CS register. 

All variables are contained within their base segment. 

Basic Data Types 
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The basic data types may be grouped into structures (arrays, records, 
and disk files), but this structuring will not affect their internal formats. 
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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 de­
clared scalars with more than 256 possible values. These bytes contain 
a 2's complement 16-bit value with the least significant byte stored first. 

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: 

@ 
@+1 

@+5 

Exponent 
LSB of mantissa 

MSB of mantissa 

The exponent uses binary format with an offset of $80. Hence, an ex­
ponent 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 in­
teger 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, however, a 1 indicating that the 
number is negative, and a 0 indicating that the number is positive. 
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Strings 

A string occupies as many bytes as its maximum length plus one. The 
first byte contains the current length of the string. The following bytes 
contains the string 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: 

@ 
@+1 
@+2 

@+L 
@+L+1 

@+Max 

Current length (L) 
First character 
Second character 

Last character 
Unused 

Unused 

Sets 
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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 
(Le. 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: 

MemAddress = @ + (E div 8) -. (Min div 8) 

and the bit address within the byte at MemAddress is: 
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BitAddress = E mod 8 

where E denotes the ordinal value of the element. 

Pointers 

A pointer consists of four bytes containing a segment base address and 
an offset. The two least significant bytes contains the offset and the two 
most significant bytes the base address. Both are stored in memory us­
ing byte reversed format, i.e. the least significant byte is stored first. The 
value nil corresponds to two zero words. 

Data Structures 

Data structures are built from the basic data types using various struc­
turing 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. 

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[l .. S,l .. S] of Square 

you have the following memory layout of its components: 

lowest address: Board[l,l] 
Board[1,2] 

Board[l,S] 
Board[2,1] 
Board[2,2] 

Highest address: Board[S,S] 
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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 largest of its variant parts. Each variant 
starts at the same memory address. 

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). 

File Interface Blocks 
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The table below shows the format of a FIB: 

@+O 
@+1 
@+2 
@+3 
@+4 
@+5 
@+6 
@+7 
@+8 
@+9 
@+10 
@+11 
@+12 

@+47 
@+48 

@+175 

Flags byte. 
Character buffer. 
Number of records (LSB) or buffer offset (LSB). 
Number of records (MSB) or buffer offset (MSB). 
Record length (LSB) or buffer size (LSB). 
Record length (MSB) or buffer size (MSB). 
Buffer pointer (LSB). 
Buffer painter (MSB). 
Current record (LSB) or buffer end (LSB). 
Current record (MSB) or buffer end (LSB). 
Unused. 
Unused. 
First byte of CP/M FCB. 

Last byte of CP/M FCB. 
First byte of sector buffer. 

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

Bit 0 .. 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

File type. 
Read semaphore. 
Write semaphore or pre-read character flag. 
Output flag. 
Input flag. 

File type 0 denotes a disk file, and 1 through 5 denote the TURBO Pas­
cal logical I/O devices (CON:, KBD:, LST:, AUX:, and USR:). For typed 
files, bit 4 is set if the contents of the sector buffer is undefined, and bit 
5 is set if data has been written to the sector buffer. For textfiles, 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. 

For typed and untyped files, the four words from @ + 2 to @ + 9 store 
the number of records in the file, the record length in bytes, the sector 
buffer pointer, and the current record number. For typed files, the sector 
buffer pointer stores an offset (0 .. 127) in the sector buffer at @ + 48. 
The FIB of an untyped file has no sector buffer, and so the sector buffer 
pointer is not used. 

For text files, the four words from @ + 2 to @ + 9 store the offset ad­
dress of the buffer, its size, the offset of the next character to read or 
write, and the offset of the first byte after the buffer. The buffer always 
resides in the same segment as the FIB, usually starting at @ + 48. The 
size of a textfile FIB may be larger than indicated, depending on the size 
of the buffer. When a textfile is assigned to a logical device, only the 
flags byte and the character buffer are used. 

Random Access Files 

A random access file consists of a sequence of records, all of the same 
length and same internal format. To optimize 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 first record of the file is stored starting at 
the fourth byte. 
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sector 0, byte 0: 
sector 0, byte 1: 
sector 0, byte 2: 
sector 0, byte 3: 

Number of records (LSB) 
Number of records (MSB) 
Record length (LSB) 
Record length (MSB) 

Text Files 

The basic components of a text file are characters, ~ut a text file is 
furthermore divided into lines. Each line consists of any number of char­
acters ended by a CR/LF sequence (ASCII $001 $OA). The file is ter­
minated by a Ctrl-Z (ASCII $1 B). 

Parameters 
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Parameters are transferred to procedures and functions via the stack 
which is addressed through SS:SP. 

On entry to an external subroutine, the top of the stack always contains 
the return address within the code segment (a word). The parameters, if 
any, are located below the return address, i.e. at higher addresses on 
the stack. . 

If an external function has the following subprogram header: 

function Magic(var R: Real; S: string5): Integer; 

then the stack upon entry to Magic would have the following contents: 

< Function result > 
< Segment base address of R > 
< Offset address of R > 
< First character of S > 

< Last character of S > 
< Length of S > 
< Return address > SP 

An external subroutine should save the Base Page register (BP) and 
then copy the Stack Pointer SP into the Base Page register in order to 
be able to refer to parameters. Furthermore the subroutine should 
reserve space on the stack for local workarea. This can be obtained by 
the following instructions: 
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PUSH BP 
MOV BP,SP 
SUB SP,WORKAREA 

The last instruction will have the, effect of adding the following to the 
stack: 

< Return address > BP 
< The saved BP register > 
< First byte of local workarea > 

< Last byte of local work area > SP 

Parameters are accessed via the BP register. 

The following instruction will load length of the string into the AL regis­
ter: 

MOV AL,[BP-I] 

Before executing a RET instruction the subprogram must reset the 
Stack Pointer and Base Page register to their original values. When exe­
cuting the RET the parameters may be removed by giving RET a param­
eter specifying how many bytes to remove. The following instructions 
should therefore be used when exiting from a subprogram: 

MOV SP,BP 
POP BP 
RET NoOfBytesToRemove 

Variable Parameters 

With a variable (var) parameter, two words are transferred on the stack 
giving the base address and offset of the first byte occupied by the actu­
al parameter. 

Value Parameters 

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

Reals 

Integers, Booleans, Chars and declared scalars (i.e. all scalars except 
Reals) 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 parame-
ter is zero. . 

A real is transferred on the stack using six bytes. 

Strings 

Sets 

When a string is at the top of the stack, the topmost byte contains the 
length of the string followed by the characters of the string. 

A set always occupies 32 bytes on the stack (set compression only ap-
plies to the loading and storing of sets). . 

Pointers 

A pointer value is transferred on the stack as two words containing the 
base address and offset of a dynamic variable. The value NIL cor­
responds to two zero words. 

Arrays and Records 

254 

Even when used as value parameters, Array and Record parameters are 
not actually transferred on the stack. Instead, two words containing the 
base address and offset of the first byte of the parameter are 
transferred. It is then the responsibility of the subroutine to use this in-
formation to make a local copy of the variable. . 
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Function Results 

User written external functions must remove all parameters and the 
function result from the stack when they return. 

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

Values of scalar types, except Reals, must be returned in the AX regis­
ter. If the result is only one byte then AH should be set to zero. Boolean 
functions must return the function value by setting the Z flag (Z = 
False, NZ = True). 

Reals must be returned on the stack with the exponent at the lowest 
address. This is done by not removing the function result variable when 
returning. 

Sets must be returned on the top of the stack according to the format 
described on page 254. On exit SP must pOint at the byte containing the 
string length. 

Pointer values must be returned in the DX:AX. 

The Heap and The Stacks 

During execution of TURBO Pascal program the following segments are 
allocated for the program: 

a Code Segment, 
a Data Segment, and 
a Stack Segment 

Two stack-like structures are maintained during execution of a program: 
the heap and the 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 low memory in the stack 
segment and the heap grows upwards towards the stack. The pre­
defined variable HeapPtr contains the value of the heap pOinter and al­
lows the programmer to control the position of the heap. 
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The stack is used to store local variables, intermediate results during 
evaluation of expressions and to transfer parameters to procedures and 
functions. At the beginning of a program, the stack pointer is set to the 
address of the top of the stack segment. 

On each call to the procedure New and on entering a procedure or func­
tion, the system checks for collision between the heap and the recursion 
stack. If a collision has occurred, an execution error results, unless the 
K compiler directive is passive ({ $K-}). 

Memory Management 
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When a TURBO program is executed, three segments are allocated for 
the program: A code segment, a data segment, and a stack segment. 

Code segment (CS is the code segment register): 

CS:OOOO - CS:EOFR 
CS:EOFR - CS:EOFP 
CS:EOFP - CS:EOFC 

Run-time library code. 
Program code. 
Unused. 

Data segment (OS is the data segment register): 

DS:OOOO - DS:OOFF 
DS:OIOO - DS:EOFW 
DS:EOFW - DS:EOFM 
DS:EOFM - DS:EOFD 

CP/M-86 base page. 
Run-time library workspace. 
Main program block variables. 
Unused. 

The unused areas between (CS:EOFP-CS:EOFC and DS:EOFM­
DS:EOFD) are allocated only if a minimum cOde segment size larger 
than the required size is specified at compilation. The sizes of the code 
and data segments never exceed 64K bytes each. 

The stack segment is slightly more complicated, as it may be larger than 
64K bytes. On entry to the program the stack segment register (SS) and . 
the stack pointer (SP) is loaded so. that SS:SP points at the very last 
byte available in the entire segment. During execution of the program 
5S is never changed but SP may move downwards until it reaches the 
bottom of the segment, or 0 (corresponding to 64K bytes of stack) if the 
stack segment is larger than 64K bytes. 
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The heap grows from low memory in the stack segment towards the ac­
tual stack residing in high memory. Each time a variable is allocated on 
the heap, the heap pointer (which is a double word variable maintained 
by the TURBO run-time system) is moved upwards, and then normal­
ized, so that the offset address is always between $0000 and $OOOF. 
Therefore, the maximum size of a single variable that can be allocated 
on the heap is 65521 bytes (corresponding to $10000 less $OOOF). The 
total size of all variables allocated on the heap is however only limited by 
the amount of memory available. 

The heap pointer is available to the programmer through the HeapPtr 
standard identifier. HeapPtr is a typeless pointer which is compatible 
with all pointer types. Assignments to HeapPtr should be exercised only 
with extreme care. 
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Notes: 

258 TURBO Pascal Reference Manual 



Chapter 22 
CP/M-SO 

This chapter describes features of TURBO Pascal specific to the 8-bit 
CP/M-80 implementation. It presents two kinds of information: 

1) Things you should know to make efficient use of TURBO Pascal. Pages 
259 through 272. 

2) The rest of the chapter describes things which are only of interest to ex­
perienced programmers, such as machine language routines, technical 
aspects of the compiler, etc. 

eXecute Command 

You will find an additional command on the main TURBO menu in the 
CP/M-80 version: eXecute. It lets you run other programs from within 
TURBO Pascal, for example copying programs, word processors - in 
fact anything that you can run from your operating system. When enter­
ing X, you are prompted: 

Command: -

You may now enter the name of any program which will then load and 
run normally. Upon exit from the program, control is re-transferred to 
TURBO Pascal, and you return to the TURBO prompt> . 

compiler Options 

The 0 command selects the following menu on which you may view and 
change some default values of the compiler. It also provides a helpful 
function to find runtime errors in programs compiled into object code 
files. 
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compile -> Memory 
Com-file 
cUn-file 

command line Parameter: 

Find run-time error Quit 

Figure 22-1: Options Menu 

Memory / Com file / cHn-file 
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The three commands M, C, and H select the compiler mode, i.e. where 
to put the code which results from the compilation. 

Memory is the default mode. When active, code is produced in memory 
and resides there ready to be activated by a Run command. 

Com-file is selected by pressing C. The arrow moves to point to this line. 
When active, code is written to a file with the same name as the Work 
file (or Main file, if specified) and the file type .COM. This file contains 
the program code and Pascal runtime library, and may be activated by 
typing its name at the console. Programs compiled this way may be 
larger than programs compiled in memory, as the program code itself 
does not take up memory during compilation, and as program code 
starts at a lower address. 

cHain-file is selected by pressing H. The arrow moves to poirit to this 
line. When active, code is written to a file with the same name as the 
Work. file (or Main file, if specified) and the file type .CHN. This file con­
tains the program code but no Pascal library and must be activated from 
another TURBO Pascal program with the Chain procedure (see page 
263). 

When Com or cHn mode is selected, the menu is expanded with the fol­
lowing two lines: 
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Start address: XXXX (min YYYY) 
End address: XXXX (max YYYY) 

Figure 22-2: Start and End Addresses 

Start Address 

compiler Options 

The Start address specifies the address (in hexadecimal) of the first byte 
of the code. This is normally the end address of the Pascal library plus 
one, but may be changed to a higher address if you want to set space 
aside e.g. for absolute variables to be shared by a series of chained pro­
grams. 

When you enter an' 5, you are prompted to enter a new Start address. If 
you just hit < RETURN> , the minimum value is assumed. Don't set 
the Start address to anything less than the minimum value, as the code 
will then overwrite part of the Pascal library. 

End Address 

The End address specifies the highest address available to the program 
(in hexadecimal). The value in parentheses indicate the top of the TPA 
on your computer, i.e. BOOS minus one. The default setting is 700 to 
1000 bytes less to allow space for the loader which resides just below 
BOOS when executing programs from TURBO. 

If compiled programs are to run in a different environment, the End ad­
dress may be changed to suit the TPA size of that system. If you antici­
pate your programs to run on a range of different computers, it will be 
wise to set this value relatively low, e.g. C100 (48K), or even A100 (40K) 
if the program is to run under MP/M. 
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When you enter an E, you are prompted to enter a End address. If you just 
hit < RETURN>, the default value is assumed (Le. top of TPA less 700 
to 1000 bytes). If you set the End address higher than this, the resulting 
programs cannot be executed from TURBO, as they will overwrite the 
TURBO loader; and if you set it higher than the TPA top, the resulting pro­
grams will overwrite part of BOOS if run on your machine. 

Command Line Parameters 

The P:-command lets you enter one or more parameters which are passed 
to Y0l!r program when running it in Memory mode, just as if they had been 
entered on the DOS command line. These parameters may be accessed 
through the ParamCount and ParamStr functions. 

Find Runtime Error 
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When you run a program compiled in memory, and a runtime error occurs, 
the editor is invoked, and the error is automatically pointed out. This, of 
course, is not possible if the program is in a .COM file or an .CHN file. Run 
time errors then print out the error code and the value of the program 
counter at the time of the error, e.g.: 

Run-time error 01, PC=lB56 
Program aborted 

Figure 22-3: Run-time Error Message 

To find the place in the source text where the error occurred, enter the 
F command on the Options menu. When prompted for the address, 
enter the address given by the error message: 

I Enter pc: 1B56 

Figure 22-4: Find Run-time Error 

The place in the source text is now found and pointed out exactly as if 
the error had occurred while running the program in memory. 
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Standard Identifiers 

The following standard identifiers are unique to the CP /M-80 implemen­
tation: 

Bios 
BiosHL 

Bdos RecurPtr 
BdosHL StackPtr 

Chain and Execute 

TURBO Pascal provides two standard procedures: Chain and Execute 
which allow you to activate other programs from a TURBO program. 
The syntax of these procedure calls is: 

Chain(FilVar) 
Execute(FilVar) 

where FilVar is a file variable of any type, previously assigned to a disk 
file with the standard procedure Assign. If the file exists, it is loaded into 
memory and executed. 

The Chain procedure is used only to activate special TURBO Pascal 
.CHN files, i.e. files compiled with the cHn-file option selected on the 
Options menu (see page 260). Such a file contains only program code; 
no Pascal library. It is loaded into memory and executed at the start ad­
dress of the current program, i.e. the address specified when the 
current program was compiled. It then uses the Pascal library already 
present in memory. Thus, the current program and the chained program 
must use the same start address. 

The Execute procedure may be used to execute any .COM file, i.e. any 
file containing executable code. This could be a file created by TURBO 
Pascal with the Com-option selected on the Options menu (see page 
260). The file is cloaded and executed at address $100, as specified by 
the CP/M standard. 

If the disk file does not exist, an I/O error occurs. This error is treated as 
described on page 116. If the I compiler directive is passive ({ $I-}), pro­
gram execution continues with the statement following the failed Chain 
qr Execute statement, and the IOresult function must be called prior to 
further I/O; 

CP/M-80 263 



Chain and Execute 

264 

Data can be transferred from the current program to the chained pro­
gram either by shared global variables or by absolute address variables. 

To ensure overlapping, shared global variables should be declared as 
the very first variables in both programs, and they must be listed in the 
same order in both declarations. Furthermore, both programs must be 
compiled to the same memory size (see page 261). When these condi­
tions are satisfied, the variables will be placed' at the same address in 
memory by both programs, and as TURBO Pascal does not automatical­
ly initialize its variables, they may be shared. 

Example: 
Program MAIN.COM: 

program Main; 
var 

Txt: string[ 80] ; 
CntPrg: file; 

begin 
Write( 'Enter any text: '); Readln(Txt); 
Assign(CntPrg, 'ChrCount.chn'); 
Chain (CntPrg) ; 

end. 

Program CHRCOUNT.CHN: 

program ChrCount; 
var 

Txt: string[ 80] ; 
NoOfChar, 
NoOfUpc, 
I: Integer; 

begin 
NoOfUpc :- 0; 
NoOfChar :- Length(Txt); 
for'I :- 1 to length(Txt) do 
. if Txt[I] in ['A' .. 'Z'] then NoOfUpc :- Succ(NoOfUpc); 

Write('No of characters in entry: ',NoOfChar); 
Writeln('. No of upper case characters: " NoOfUpc,'.'); 

end. 
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If you want a TURBO progrEim to determine whether it was invoked by 
eXecute or directly from the DOS command line, you should use an ab­
solute variable at address $80. This is the command line length byte, 
and when a program is called from CP/M, it contains a value between 0 
and 127. When eXecuting a program, therefore, the calling program 
should set this variable to something higher than 127. When you then 
check the variable in the called program, a value between 0 and 127 in­
dicates that the program was called from CP/M, a higher value that it 
was called from another TURBO program. 

Note that neither Chain nor Execute can be used in direct mode, i.e. 
from a program run with the compiler options switch in position Memory 
(page 260). 

Overlays 

During execution, the system normally expects to find its overlay files on 
the logged drive. The OvrDrive procedure may be used to change this 
default value. 

OvrDrive Procedure 

Syntax: OvrDrive(Drive} 

where Drive is . an integer expression specifying a drive (0 = logged 
drive, 1 = A:, 2 = B:, etc.). On subsequent calls to overlay files, the files 
will be expected on the specified drive. Once an overlay file has been 
opened on one drive, future calls to the same file will look on the same 
drive. 

Example: 
program OvrTest; 

overlay procedure ProcA; 
begin 

Writeln('Overlay A'); 
end; 

overlay procedure ProcB; 
begin 

Writeln('Overlay B'); 
end; 
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procedure Dummy; 
begin 

{Dummy procedure to separate the overlays 
into two groups} 

end; 

overlay procedure ProcC; 
begin 

Writeln('Overlay C'); 
end; 

begin 
OvrDrive(2) ; 
ProcA; 
OvrDrive(O) ; 
ProcC; 
OvrDrive( 2); 
ProcB; 

end. 

The first call to OvrDrive specifies overlays to be sought on the B: drive. 
The call to ProcA therefore causes the first overlay file (containing the 
two overlay procedures ProcA and ProcB to be opened here. 

Next, the OvrDrive(O) statement specifies that following overlays are to 
be found on the logged drive. The call to ProcC opens the second over­
lay file here. 

The following ProcB statement calls an overlay procedure in the first 
overlay file; and to ensure that it is sought on the B: drive, the 
OvrDrive(2) statement must be executed before the call. 
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Files 

File Names 

A file name in CP 1M consists of one through eight letters or digits, op­
tionally followed by a period and a file type of one through three letters 
or digits: 

Drive: Name. Type 

Text Files 

The Seek and Flush procedures and the FilePos and FileSize functions 
are not applicable to CP 1M text files. 

Absolute Variables 

Variables may be declared to reside at specific memory addresses, and 
are then called absolute. This is done by adding the reserved word ab­
solute, and an address expressed by an integer constant to the variable 
declaration. 

Example: 
var 
IObyte: Byte absolute $0003; 
CmdLine: string[127] absolute $80; 

Absolute may also be used to declare a variable "on top" of another 
variable, i.e. that a variable should start at the same address as another 
variable. When' absolute is followed by the variable (or parameter) 
identifier, the new variable will start at the address of that variable (or 
parameter). 

Example: . 
var 
Str: string[32]; 
StrLen: Byte absolute Str; 

The above declaration specifies that the variable StrLen should start at 
the same address as the variable Str, and since the first byte of a string 
variable gives the length of the string, StrLen will contain the length of 
Str., Notice that only one identifier may be specified in an absolute de­
claration, i.e. the construct: 
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Identl, Ident2: Integer absolute $8000 

is illegal. Further details on space allocation for variables are given on 
pages 278 and 288. 

Addr F~nction 

Syntax: Addr(name); 

. Returns the address in memory of the first byte of the type, variable, 
procedure, or function with the identifier name. If name is an array, it 
may be subscribed, and if name is a record, specific fields may be 
selected. The value returned is of type Integer. 

Pre~efined Arrays 

TURBO Pascal offers two predefined arrays of type Byte, called Mem 
and Port, which are used to directly access CPU memory and data 
ports .. 

MemArray 
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The predeclared array Mem is used to access memory. Each com­
ponent of the array is a Byte, and indexes correspond to addresses in 
memory. The index type is Integer. When a value is assigned to a com­
ponent of Mem, it is stored at the address given by the index expres­
sion. When the Mem array is used in an expression, the byte at the ad­
dres~ specified by the index is used. 

Examples: 
Mem[WsCursor] := 2; 
Mem[WsCursor+l] := $IB; 
Me~[WsCursor+2] := Ord(' '); 
IOb~te:= Mem[3]; 
Mem[Addr+Offset] := Mem[Addr]; 
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Port Array 

The Port array is used to access the data ports of the Z-80 CPU. Each 
element of the array represents a data port with indexes corresponding 
to port numbers. As data ports are selected by 8-bit addresses, the in­
dex type is Byte. When a value is assigned to a component of Port, it is 
output to the port specified. When a component of Port is referenced in 
an expression, its value is input from the port specified. 

The use of the port array is restricted to assignment and reference in 
expressions only, i.e. components of Port cannot function as. variable 
parameters to procedures and functions. Furthermore, operations refer­
ring to the entire Port array (reference without index) are not allowed. 

Array Subscript Optimization 

The X compiler directive allows the programmer to select whether array 
subscription should be optimized with regard to execution speed or to 
code size. The default mode is active, i.e. { $X +}, which causes execu­
tion speed optimization. When passive, i.e. { $X-}, the code size is 
minimized. 

With Statements 

The default 'depth' of nesting of With statements is 2, but the W direc­
tive may be used to change this value to between 0 and 9. For each 
block, With statements require two bytes of storage for each nesting 
level allowed. Keeping the nesting to a minimum may thus greatly affect 
the size of the data area in programs with many subprograms. 
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Pointer Related Items 

MemAvail 

The standard function MemA vail is available to determine the available 
space on the heap at any given time. The result is an Integer, and if 
more than 32767 bytes is available, MemAvail returns a negative 
number. The correct number of free bytes is then calculated as 65536.0 
+ MemAvail. Notice the use of a real constant to generate a Real 
result, as the result is greater than GMaxlnt. Memory management is 
discussed in further detail on page 288. 

Pointers and Integers 
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The standard functions Ord and Ptr provide direct control of the address 
contained in a pOinter. Ord returns the address contained in its pointer 
argument as an Integer, and Ptr converts its Integer argument into a 
pointer which is compatible with all pOinter types. 

These functions are extremely valuable in the hands of an experienced 
programmer as they allow a pOinter to point to anywhere in memory. If 
used carelessly, however, they are very dangerous, as a dynamic vari­
able may be made to overwrite other variables, or even program code. 
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CP 1M Function Calls 

For the purpose of calling CP/M BOOS and BIOS routines, TURBO Pas­
cal introduces two standard procedures: Bdos and Bios, and four stan­
dard functions: Bdos, BdosHL, Bios, and BiosHL. 

Details on BOOS and BIOS routines are found in the CP/M Operating 
System Manual published by Digital Research. 

Bdos procedure and function 

Syntax: Bdos(Func {, Param } ); 

The Bdos procedure is used to invoke CP/M BOOS routines. Func and 
Param are integer expressions. Func denotes the number of the called 
routine and is loaded into the C register. Param is optional and denotes 
a parameter which is loaded into the DE register pair. A call to address 5 
then invokes the BOOS. 

The Bdos function is called like the procedure and returns an Integer 
result which is the value returned by the BOOS in the A register. 

BdosHL function 

Syntax: BdosHL(Func {, Param} ); 

This function is exactly similar to the Bdos function above, except that 
the result is the value returned in the HL register pair. 
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Bios procedure and function 

Syntax: Bios(Func {, Param} ); 

The Bios procedure is used to invoke BIOS routines. Func and Param 
are integer expressions. Func denotes the number of the called routine, 
with 0 meaning the WBOOT routine, 1 the CaNST routine, etc. I.e. the 
address of the called routine is Func * 3 plus the WBOOT address con­
tained in addresses 1 and 2. Param is optional and denotes a parameter 
which is loaded into the BC register pair prior to the call. 

The Bios function is called like the procedure and returns an integer 
result which is the value returned by the BIOS in the A register. 

BiosHL function 

Syntax: BiosHL(Func {, Param } ); 

This function is exactly similar to the Bios function above, except that 
the result is the value returned in the Hl register pair. 

User Written I/O Drivers 
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For some applications it is practical for a programmer to define his own 
input and output drivers, i.e. routines which perform input and output of 
characters to and from external devices. The following drivers are part 
of the TURBO environment, and used by the standard 1/0 drivers 
(although they are not available as standard procedures or functions): 

function CanSt boolean; 
function Conln: Char; 
procedure Con Out (Ch: Char); 
procedure LstOut (Ch: Char); 
procedure AuxOut (Ch: Char); 
function AuxIn: Char; 
procedure UsrOut (Ch: Char); 
function Usrln: Char; 
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The ConSt routine is called by the function KeyPressed, the Con In and 
Con Out routines are used by the CON:, TRM:, and KBD: devices, the 
LstOut routine is used by the LST: device, the AuxOut and AuxIn rou­
tines are used by the AUX: device, and the UsrOut and Usrln routines 
are used by the USR: device. 

By default, these drivers use the corresponding BIOS entry points of the 
CP/M operating system, i.e. ConSt uses CONST, Conln uses CONIN, 
ConOut uses CON OUT, LstOut uses LIST, AuxOut uses PUNCH, AuxIn 
uses READER, UsrOut uses CONOUT, and Usrln uses CONIN. This, 
however, may be changed by the programmer by assigning the address 
of a self-defined driver procedure or a driver function to one of the fol­
lowing standard variables: 

Variable 

ConStPtr 
ConlnPtr 
ConOutPtr 
LstOutPtr 
AuxOutPtr 
AuxlnPtr 
UsrOutPtr 
UsrlnPtr 

Contains the address of the 

ConSt function 
Con In function 
ConOut procedure 
LstOut procedure 
AuxOut procedure 
AuxIn function 
UsrOut procedure 
Usrln function 

A user defined driver procedure or driver function must match the 
definitions given above, i.e. a ConSt driver must be a Boolean function, 
a Conln driver must be a Char function, etc. 
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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 $ECOO; 
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 $lCOO; 

Parameter passing to external subprograms is discussed further on 
page 283. 

In-line Machine Code 
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TURBO Pascal features the inline statements 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 con­
stant, 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 (lOI$2345/count+l/sort-*+2); 
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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 ad­
dress 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 a-bit range (0 .. 255). If the 
value is outside the a-bit range, or if the code element refers to variable, 
procedure, or function identifiers, or if the code element contains a loca­
tion 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 I > ' character, a word 
is always coded, even though the most significant byte is zero. 

Example: 
inline «$1234/>$44); 

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 argument to upper case. 
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procedure UpperCase(var Strg: Str) ; {Str is type String[255]} 
{$A+} 
begin 

inline (~2A/Strgl { LO HL, (Strg) } 

~461 { LO B, (HL) } 

$041 { INC B } 

$051 { Ll: DEC . B } 

$CA/*+201 { JP Z,L2 } 

$231 { INC HL } 

$7EI { LO A, (HL) } 

$FE/$611 { CP 'a' } 

$OA/*-91 { JP C,Ll } 
$FE/$7BI { CP 'z'+l } 
$02/*-141 { JP NC,Ll } 
$06/$201 { SUB 20H } 

$771 { LO (HL), A } 

$C3/*-20) ; { JP Ll } 

{ 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. 
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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 ac­
tive (($A + }), they must not have parameters, and they must them­
selves insure that all registers used are preserved. This is done by plac­
ing an inline statement with the necessary PUSH instructions at the 
very beginning of the procedure, and another inline statement with the 
corresponding POP instructions at the very end of the procedure. The 
last instruction of the ending inline statement should be an EI instruction 
($FB) to enable further interrupts. If daisy chained interrupts are used, 
the inline statement may also specify a RETI instruction ($EO, $40), 
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 IV, 
and real operations use the alternate registers. 

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

The programmer may disable and enable interrupts throughout a pro­
gram using 01 and EI instructions generated by inline statements. 

If mode 0 (1M 0) or mode 1 (1M 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 (1M 2) interrupts are employed, the programmer should gen­
erate an initialized jump table (an array of integers) at an 
absolute address, and initialize the I register through a inline statement 
at the beginning of the program. 
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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. 

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. 

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 O .. 255, and de­
clared scalars with more than 256 possible values. These bytes contain 
a 2's complement 16-bit value with the least significant byte stored first. 

Reals 
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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 which 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 ex­
ponent of $84 indicates that the value of the mantissa is to be multiplied 
by 2 A($84-$80) = 2 A4 = 16. If the exponent is zero, the floating pOint 
value is considered to be zero. 

TURBO Pascal Reference Manual 



Internal Data Formats 

The value of the mantissa is obtained by dividing the 40-bit unsigned in­
teger by 2 A40. The mantissa is always normalized, Le. 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. 

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: 

Sets 

@ 
@ +1 
@ +2 

@ +L 
@ +L+1 

@ + Max 

Current length (L) 
First character 
Second character 

Last character 
Unused 

Unused 

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 
(Le. 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. 
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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: 

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 ordinal value of the element. 

File Interface Blocks 
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The table below shows the format of a FIB in TURBO Pascal-80: 

@+O 
@+1 
@+2 
@+3 
@+4 
@+5 
@+6 
@+7 
@+8 
@+9 
@+10 
@+11 
@+12 

@+47 
@+48 

@+175 

Flags byte. 
Character buffer. 
Sector buffer pointer (LSB). 
Sector buffer pointer (MSB). 
Number of records (LSB). 
Number of records (MSB). 
Record length (LSB). 
Record length (MSB). 
Current record (LSB). 
Current record (MSB). 
Unused. 
Unused. 
First byte of CP/M FCB. 

Last byte of CP/M FeB. 
First byte of sector buffer. 

Last byte of sector buffer. 

The format of the flags byte at @ + 0 is: 

Bit 0 .. 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

File type. 
Read semaphore. 
Write semaphore. 
Output flag. 
Input flag. 
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File type 0 denotes a disk file, and 1 through 5 denote the TURBO Pas­
cal logical IjO devices (CON:, KBD:, LST:, AUX:, and USR:). For typed 
files, bit 4 is set if the contents of the sector buffer is undefined, and bit 
5 is set if data has been written to the sector buffer. For textfiles, 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 pointer is not used. 

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

Pointers 

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

Data Structures 

Data structures are built from the basic data types using various struc­
turing 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. 

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[l .. 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] 

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 largest of its variant parts. Each variant 
starts at the same memory address. 

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 280. 
In general there are two different types of disk files: random access files 
and text files. 

Random Access Files 
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A random access file consists of a sequence of records, all of the same 
length and same internal format. To optimize 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 first record of the file is stored starting at 
the fourth byte. 

sector 0, byte 0: 
sector 0, byte 1: 
sector 0, byte 2: 
sector 0, byte 3: 

Number of records (LSB) 
Number of records (MSB) 
Record length (LSB) 
Record length (MSB) 
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Text Files 

The basic components of a text file are characters, but a text file is sub­
divided into lines. Each line consists of any number of characters ended 
by a CR/LF sequence (ASCII $00/ $OA). The file is terminated by a 
Ctrl-Z (ASCII $1 A). 

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 sub­
program. However, if the programmer wishes to use external subpro­
grams, 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 ad­
dress, then all the parameters, and finally it must restore the return ad­
dress by PUSHing it back onto the stack. 

Variable Parameters 

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

Value Parameters 

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

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 off the stack using an instruction like POP HL. 
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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. 

Strings 

Sets 
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When a string is at the top of the stack, the byte pointed to by SP con­
tains 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 StrBut. 

LD DE,StrBuf 
LD HL,O 
LD B,H 
ADD HL,SP 
LD C, (HL) 
INC BC 
LDIR 
LD SP,HL 

A set always occupies 32 bytes on the stack (set compression only ap­
plies to the loading and storing of sets). The following machine code in­
structions may be :.Jsed to POP the set at the top of the stack and store 
it in SetBut. 
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LD DE,SetBuf 
LD HL,O 
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. 

Pointers 

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

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 ad­
dress 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. 

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 by zero. 

Reals must be returned in the BC, DE, and HL register pairs. B, C, 0, 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 on the for­
mats described on page 284. 

Pointer values must be returned in the HL register pair. 
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The Heap and The Stacks 
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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 painter StackPtr is set to 
the address of the top of free memory. 

The recursion stack is used only by recursive procedures and functions, 
i.e. procedures and functions compiled with the A compiler directive pas­
sive ({$A-}). On entry to a recursive subprogram it copies its workspace 
onto the recursion stack, and on exit the entire workspace is restored to 
its original state. The default initial value of RecurPtrat the beginning of 
a program, is 1 K ($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: 
RecurPtr: 
StackPtr: 

The heap pointer, 
The recursion stack pointer, and 
The CPU stack pointer 

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

The type of these variables is Integer. Notice that HeapPtr and RecurPtr 
may be used in the same context as any other Integer variable, whereas 
StackPtr may only be used in assignments and expressions. 

When these variables are manipulated, always make sure that they point 
to addresses within free memory, and that: 

HeapPtr < RecurPtr < StackPtr 
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Failure to adhere to these rules will cause unpredictable, perhaps fatal, 
results. 

Needless to say, assignments to the heap and stack pointers must nev­
er occur once the stacks or the heap are in use. 

On each call to the procedure New and on entering a recursive pro­
cedure or function, the system checks for collision between the heap 
and the recursion stack, i.e. checks if 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 re­
quires 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 recur­
sive subprogram(s). The extra approx. 512 bytes are needed as a 
margin to make room for parameter transfers and intermediate results 
during the evaluation of expressions. 
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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, 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. 

Compilation in Memory 

288 

During compilation of a program in memory (Memory-mode on compiler. 
Options menu, see page 259), the memory is mapped as follows: 

~-- - - ------ ---

1------------~ 1--

i 
i 

0000 
CP/M and run-time workspace 
Pascal Library 

Turbo interface, editor, and compiler 

Error messages, optional 

Source text 

Object code growing upward 

Symbol table growing downward 

CPU stack growing downward 

CP/M 
HighMem 

Figure 22-5: Memory map during compilation in memory 
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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. The CPU stack works downwards from the logical top of memory, 
and the compiler's symbol table works downwards from an address 1 K 
($400 bytes) below the logical top of memory. 

Compilation To Disk 

During compilation to a .COM or .CHN file (Com-mode or cHn-mode on 
compiler Options menu, see page 259), the memory looks much as dur­
ing 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. 

1------------ ---

t 
_t 

0000 
CP/M and run-time workspace 
Pascal Library 

Turbo interface, editor, and compiler 

Error mes~ages, optional 

Source text 

Symbol table growing downward 

CPU stack growing downward 

CP/M 
HighMem 

Figure 22-6: Memory map during compilation to a file 
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Execution in Memory 
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When a program is executed in direct - or memory - mode (i.e. the 
Memory-mode on compiler Options menu is selected, see page 259), the 
memory is mapped as follows: 

f-- - - - - - - - - - - ----

f- - - - - - - - - - - - ----

f-- - - - - - - - - - - -~--

f------- ----r-l-
f-----------~j-

0000 
CP/M and run-time workspace 
Pascal Library 

Turbo interface, editor, and compiler 

Error messages, optional 

Source text 

Object code 

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 variables 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 BOOS minus one (indicated on the compiler 
Options menu). Program variables are stored from this address and 
downwards. The end of the variables is the 'top of free memory' which 
is the initial value of the CPU stack painter 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 downward towards the heap. 
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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 
t------------If---- CP/M and run-time workspace 

Pascal Library 

I----------~f--- Default program start address 

Object code 

-- - - - - - - - -- 1--1- Default initial value of HeapPtr 
Heap growing upward 

J Recursion stack growing downward 
_ _ _ _ _ _ _ _ _ _ roo - Default initial value of RecurPtr 

1 CPU stack growing downward 
_ _ _ _ _ _ _ _ _ _ I- - Default initial state of StackPtr 

Program variables growing downward 
- __ - _____ I- - -- Default end address 
t-___ ..,;L..,;o_a.;,.de_r ____ -+-__ Maximum memory size 

CP/M 
~ __________________ ~L-___ H~hMem 

Figure 22-8: Memory map during execution of a program file 

This map resembles the previous, except 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 com­
piler 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 BOOS minus one, and the default value is determined by 
the BOOS location on the computer in use. 
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If programs are to be translated for other systems, care should be taken 
to avoid collision with the BOOS. The maximum memory may be mani­
pulated with the End address command of the compiler Options menu. 
Notice that the default end address setting is approx. 700 to 1000 bytes 
lower than maximum memory. This is to allow space for the loader 
which resides just below BOOS when .COM files are Run or eXecuted 
from the TURBO system. This loader restores the TURBO editor, com­
piler, and possible error messages when the program finishes and thus 
returns control to the TURBO system. 
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TURBO-BCD 

TURBO-BCD is a special version of TURBO Pascal which is not included 
in the standard TURBO Pascal package. It employs binary coded de­
cimal (BCD) Real numbers to obtain higher accuracy, especially needed 
in programs for business applications. 

If you are interested in purchasing TURBO-BCD, please see page 3 for 
ordering information. 

TURBO-BCD will compile and run any program written for standard 
TURBO or TURBO-87 Pascal; the only difference being in real number 
processing and real number format. 

Files On the TURBO-BCD Distribution Diskette 

In addition to the files listed on page 8, the TURBO-BCD distribution 
diskette contains the file 

TURBOBCD.COM 

(TURBOBCD.CMD for CP/M-86). This file contains the special TURBO­
BCD system. If you want to install it with TINST, you must first tem­
porarily rename it to TURBO.COM (or .CMD). 

BCD Range 

TURBO-BCD's BCD Rea/s have a range of 1 E-63 through 1 E + 63 with 
18 significant digits. 
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Form function 

Syntax: Form(St, Var1, Var2, .. , VarN) 

The Form function provides advanced numeric and string formatting. St 
is a string expression giving an image of the format string, as detailed in 
the following, and Var1, Var2, .. , VarN are Real, Integer, or String expres­
sions. The result is a String of the same length as· Sf. 

St is made up of a number of field specifiers, each of which corresponds 
to one parameter in the parameter list. Blanks and characters other than 
the ones defined in the following serve to separate fields and will also 
appear in the formatted result, viz: 

Form( 'Total: $#,###.##' ,1234.56) = 'Total: $1,234.56' 

The arguments in the argument list use the field specifiers in the order 
of appearance: 

Form('Please @@@@@@ us at (###) ### ####'.'phone' .408.438.8400) D 

'Please phone us at (408) 438 8400 ' 

If there are more arguments in the argument list than there are field 
specifiers in the format string, the arguments in excess are ignored. If 
there are less arguments than field specifiers, the field specifiers in ex­
cess are returned unchanged: 

Form('###.##' ,12.34,43.21) = ' 12.34' 
Form('###.## -##.##' ,123.4) = '123.40 -##.##' 

There are two types of field specifiers: numeric and string. 

Numeric Fie/ds 

A numeric field is a sequence of one or more of the following characters: 

# @ * $ + 
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Any other character terminates the numeric field. The number is re­
turned right-justified within the field, decimals are rounded if they exceed 
the number of decimals specified by the format,· and if the number is too 
large to be returned in the field, all digit positions are filled with aster­
isks. 

# A digit position. If the numeric field contains no @ or * characters, 
unused digits are returned as blanks. If the numeric field contains no 
sign positions ('-' or ' + ' characters) and the number is negative, a float­
ing minus is returned in front of the number. 

Examples: 
Form( '####' ,34.567) 
Form( '###.##' ,12.345') 
Form( '####.##' ,-12.3) 
Form('###.##' ,1234.5) 

35' 
, 12.35' 
, -12.30' 
'*** **' 

@ A digit position. Unused digits are forced to be returned as zeros instead 
of blanks. The @ character needs only occur once in the numeric field 
to activate this effect. The sign of the number will not be returned unless 
the field contains a sign position ('-' or ' + ' character). 

* 

Examples: 
Form( '@##' ,9) 
Form( '@@@.@@' ,12.345) 

'009' 
'012.35' 

A digit position. Unused digits are forced to be returned as asterisks in­
stead of blanks. The * character needs only occur once in the numeric 
field to activate this effect. The sign of the number will not be returned 
unless the field contains a sign position ('-' or ' + ' character). 

Examples: 
Form( '*##.#',4.567) 
Form( '****' ,123) 

'**4.57' 
= '*123' 
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$ A digit position. A floating $-sign is returned in front of the number. The 
'$' character need only occur once in the numeric field to activate this 
effect. 

Examples: 
Form('$#####.##' ,123.45) $123.45' 
Form('######.#$' ,-12.345) = -$12.35' 
Form('*$####.##' ,12.34) = '***$12.34' 

A sign position. If the number is negative, a minus will be returned in 
that position; if it is positive, a blank is returned. 

Examples: 
Form( '-###.##' ,-1.2) 1.20' 
Form('-###.##' ,12) 12.00' 
Form('*#####.##-' ,-123.45) = '***123.45-' 

+ A sign position. If the number is positive, a plus will be returned in that 
position; if it is negative, a minus is returned. 
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Examples: 
Form('+###.##',-1.2) 1.20' 
Form('+###.##',12) = '+ 12.00' 
Form('*$####.##+' ,12.34) = '***$12.34+' 

A decimal comma or a separator comma. The last period or comma in 
the numeric image is considered the de~imal delimiter. 

A decimal period or a separator period. The last period or comma in the 
numeric image is considered the decimal delimiter. 

Examples: 
Form( '##,###,###.##' ,12345.6) 
Form( '$#.###.###,##',-12345.6) 
Form( '*$,###,###.##+',12345.6) 
Form( '##,###.##',123456.0) 

12,345.60' 
-$12.345,60' 

= '***$12,345.60+' 
'**,***.**' 
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String Fie/ds 

A string field is a sequence of # or @ characters. If the string parameter 
is longer than the string field, only the first characters of the string are 
returned. 

# If the field contains only # characters, the string will be returned left 
justified. 

@ If one or more '@' characters are present in the field, the string will be 
returned right justified within the length of the field. 

Examples: 

Form('##########', 'Pascal') = 'Pascal' 
Form('@#########','Pascal') = Pascal' 
Form('####', 'TURBO Pascal') 'TURBO' 
Form('@@@@','TURBO Pascal') a 'TURBO' 

Writing BCD Reals 

BCD Reals are written on a format slightly different from the standard 
format, as described below. 

R The decimal representation of the value of R is output in a field 25 char­
acters wide, using floating pOint format. For R > = 0.0, the format is: 

uu#.#################E*## 

For R < 0.0, the format is: 

u-#.#################E*## 

where u represents a blank, # represents a digit, and * represents ei­
ther plus or minus. 
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R:n The decimal representation of the value of R is output, right adjusted in 
a field n characters wide, using floating point format. For R > = 0.0: 

blanks#.digitsE*## 

For R < 0.0: 

blanks-#.digitsE*## 

where blanks represents zero or more blanks, digits represents from 1 
to 17 digits, # represents a digit, and * represents either plus or minus. 

Formatted Writing 

The Form standard function can be used as a write parameter to pro­
duce formatted output: 

Write(Form( 'The price is $###,###,###.##' ,Price)); 

Internal Data Format 
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The BCD Real variable occupies 10 bytes, and consists of a floating 
point value with an 18 digit binary coded decimal mantissa, a 7 -bit 10's 
exponent, and a 1-bit sign. The exponent and the sign are stored in the 
first byte and the mantissa in the next nine bytes with the least 
significant byte first: 

@+o 
@+l 

@+9 

Exponent and sign. 
LSB of mantissa. 

MSB of mantissa. 
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The most significant bit of the first byte contains the sign. 0 means posi­
tive and 1 means negative. The remaining seven bits contain the ex­
ponent in binary format with an offset of $3F. Thus, an exponent of $41 
indicates that the value of the mantissa is to be multiplied by 10"($41-
$3F) = 10"2 = 1 00. If the first byte is zero, the floating point value is 
considered to be zero. Starting with the tenth byte, each byte of the 
mantissa contains two digits in BCD format, with the most significant di­
git in the upper four bits. The first digit contains the 1 /1 O's, the second 
contains the 1/1 OO's, etc. The mantissa is always normalized, i.e. the 
first digit is never 0 unless the entire number is O. 

This 10-byte Real is not compatible with TURBO standard or 8087 
Rea/s. This, however, should only be a problem if you develop programs 
in different versions of TURBO which must interchange data. The trick 
then is simply to provide an interchange-format between the programs 
in which you transfer Rea/s on ASCII format, for instance. 
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Notes: 
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TURBO-87 

TURBO-87 

TURBO-B7 is a special version of TURBO Pascal which is not included 
in the standard TURBO Pascal package. It uses the Intel BOB7 math­
processor for real number arithmetic, providing a significant gain in 
speed. TURBO-B7 does not include the BOB7 chip. 

If you are interested in purchasing TURBO-a7, please see page 3 for 
ordering information. 

TURBO-B7 will compile and run any program written for standard 
TURBO Pascal; the only difference being in real number processing and 
real number format. 

TURBO-B7 programs will not run on a computer without the BOB7-chip 
installed, whereas the opposite will work. 

Files On the TURBO-87 Distribution Diskette 

In addition to the files listed on page B, the TURBO-B7 distribution 
diskette contains the file 

TURBO-87.COM 

(TURBO-B7.CMD for CP/M-B6). This file contains the special TURBO-B7 
system. If you want to install it with TINST, you must first temporarily 
rename it to TURBO.COM (or .CMD). 
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Writing 8087 Reals 

8087 Reals are written on a format slightly different from the standard 
format, as described below. 

R The decimal representation of the value of R is output in a field 23 char­
acters wide, using floating point format. For R > = 0.0, the format is: 

uu#.###############E*## 

For R < 0.0, the format is: 

u-#.###############E*## 

where u represents a blank, # represents a digit, and * represents ei­
ther plus or minus. 

R:n The decimal representation of the value of R is output, right adjusted in 
a field n characters wide, using floating pOint format. For R > = 0.0: 

blanks#.digitsE*## 

For R < 0.0: 

blanks-#.digitsE*## 

where blanks represents zero or more blanks, digits represents from 1 
to 14 digits, # represents a digit, and * represents either plus or minus. 

Internal Data Format 
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The 8087 chip supports a range of data types. The one used by 
TURBO-87 is the long real; its 64-bits yielding 16 digits accuracy and a 
range of 4.19E-307 to 1 .67E + 308. 

This 8-byte Real is not compatible with TURBO standard or BCD Reals. 
This, however, should only be a problem if you develop programs in 
different versions of TURBO which must interchange data. The trick 
then is simply to provide an interchange-format between the programs 
in which you transfer Reals on ASCII format, for instance. 
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Appendix A 
SUMMARY OF 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 
string 
file 
scalar 
pointer 

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

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

Input/Output Procedures and Functions 

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

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 0. Char); 
Read (var F: text; var S: string); 
Readln (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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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; 
Sqr (I: Integer): Integer; 
Sqr (R: Real): Real; 
Sqrt (R: Real): Real; 

Scalar Functions 

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

Transfer Functions 

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

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

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); 
Val (S: string; var R: Real; var P: Integer); 
Val (S: string; var I, 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; 

File Handling 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 DestType; 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; 
SkpEof (var F: file): Boolean; 
SkpEoln (var F: Text): Boolean; 
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Heap Control Procedures and Functions 

procedure 
Dispose(var P: Painter); 
FreeMem(var P: Pointer, I: Integer); 
GetMem (var P: pointer; I: Integer); 
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; 

Screen Related Procedures and Functions 

procedure 
CrtExit; 
Crtlnit; 
ClrEol; 
ClrScr; 
Del Line; 
GotoXY (X, Y: Integer); 
InsLine; 
LowVideo; 
NormVideo; 

function 
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WhereX: Integer; (IBM PC only) 
WhereY: Integer; (IBM PC only) 
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Miscellaneous Procedures and Functions 

procedure 
Bdos (Func,Param: Integer); (CP/M only) 
Bios (Func,Param: Integer); (CP/M only) 
ChOir (Path: String); 
Delay (mS: Integer); 
FillChar (var Dest, Length: Integer; Data: Char); 
FillChar (var Dest, Length: Integer; Data: byte); Halt; 
GetDir (Path: String); 
MkDir (Path: String); 
MsDos (Func: Integer; Param: record); (PC/MS-DOS only) 
Move (var Source,Desttype; Length: Integer); 
Randomize; 
RmDir (Drv:integer; var Path: String); 

function 
Addr (var Variable): Pointer; (PC/MS-DOS, CP/M-86) 
Addr (var Variable): Integer; (CP/M-80) 
Addr ( < function identifier»: Integer; (CP/M-80) 
Addr ( < procedure identifier»: Integer;(CP/M-80) 
Bdos (Func, Param: Integer): Byte; 
BdosHL (Func, Param: Integer): Integer; 
Bios (Func, Param: Integer): Byte; 
BiosHL (Func, Param: Integer): Integer; 
Hi (I: Integer): Integer; 
IOresult : 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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IBM PC Procedures and Functions 

The following procedures and functions apply to the IBM PC implemen­
tations only. 

Basic Graphics, Windows, and Sound 

procedure 
Draw(X1 ,Y1 ,X2,Y2,Color); 
GraphBackground(Color: Integer); 
GraphColorMode; 
GraphMode; 
GraphWindow(X1 ,Y1 ,X2,Y2:lnteger); 
HiRes; 
HiResColor(Color: Integer); 
NoSound; 
P alette( Color: Integer); 
Plot(X,Y,Color:lnteger); 
Sound(l: Integer); 
TextBackground(Color:lnteger); 
TextColor(Color: Integer); 
TextMode(Color:lnteger); 
Window(X1 ,Y1 ,X2,Y2:lnteger); 

function 
WhereX:lnteger; 
WhereY:lnteger; 

constant 
BW40:lnteger; 
C40:lnteger; 
BW80: Integer; 
C80:lnteger; 
Black:lnteger; 
Blue: Integer; 
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. Green:lnteger; 
Cyan:lnteger; 
Red:lnteger; 
Magenta: Integer; 
Brown:lnteger; 
LightGray:lnteger; 
DarkGray:lnteger; 
LightBlue:lnteger; 
LightGreen :Integer; 

=0 
= 1 
=2 
=3 
=0 
= 1 
=2 
=3 
=4 
= 5 
= 6 
= 7 
= 8 
= 9 
= 10 
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LightCyan:lnteger; = 11 
LightRed:lnteger; = 12 
LightMagenta:lnteger; = 13 
Yellow:lnteger; = 14 
White:lnteger; = 15 
Blink:lnteger; = 16 

Extended Graphics 

procedure 
Arc(X, Y ,Angle, Radius, Color: Integer); 
Circle(X, Y, Radius, Color: Integer); 
ColorTable(C1,C2,C3,C4: Integer); 
FiIIScreen(Color: Integer); 

IBM PC Procedures and Functions 

FiIIShape(X, Y ,FiIIColor ,BorderColor: Integer); 
FiIIPattern(X1 ,Y1 ,X2,Y2,Color: Integer); 
GetPic(var Buffer: AnyType;X1 ,Y1 ,X2,Y2: Integer); 
Pattern(P: array[O .. 7] of Byte); 
PutPic(var Buffer: AnyType;X,Y: Integer); 

function 
GetDot(X, Y: Integer): Integer; 

Turtlegraphics 

procedure 
Back(Dist: Integer); 
ClearScreen; 
Forward(Dist: Integer); 
HideTurtle; 
Home; 
NoWrap; 
PenDown; 
PenUp; 
SetHeading(Angle: Integer); 
SetPenColor(Color: Integer); 
SetPosition(X,Y: Integer); 
ShowTurtle; 
TurnLeft(Angle: Integer); 
TurnRight(Angle: Integer); 
TurtleWindow(X,Y,W,H: Integer); 
Wrap; 
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Turtlegraphics 

function 
Heading: Integer; 
Xcor: Integer; 
Y cor: Integer; 
TurtleThere: Boolean; 

constant 
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North:lnteger constant 
Eastlnteger constant 
South:lnteger constant 
West Integer constant 

o 
90 
180 
270 
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Appendix B 
SUMMARY OF OPERATORS 

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

Operand 
Integer, Integer 
Real, Real 
Real, Integer 

Result 
Integer 
Real 
Real 

Operator Operation 

+ unary sign identity 
- unary sign inversion 

not negation 

multiplication 
set intersection 

/ division 
div Integer division 
mod modulus 
and arithmetical and 

logical and 
shl shift left 
shr shift right 

+ addition 
concatenation 
set union 
subtraction 
set difference 

or arithmetical or 
logical or 

xor arithmetical xor 
logical xor 

SUMMARY OF OPERATORS 

Type of operand(s) Type of result 

Integer, Real as operand 
Integer, Real as operand 

Integer, Boolean as operand 

Integer, Real Integer, Real 
any set type as operand 
Integer, Real Real 
Integer Integer 
Integer Integer 
Integer Integer 
Boolean Boolean 
Integer Integer 
Integer Integer 

Integer, Real Integer, Real 
string string 
any set type as operand 
Integer, Real Integer, Real 
any set type as operand 
Integer Integer 
Boolean Boolean 
Integer Integer 
Boolean Boolean 
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Operator Operation Type of operand( s) Type of 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. 
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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 com­
ment with a special syntax which means that whenever a comment is al­
lowed 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 ter­
minated by a closing bracket. 

Examples: 
{$I-} 
{$"i INCLUDE. FIL} 
{$B-, R+, V-} 
(*$U+*) 

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

IMPORTANT NOTICE 

All compiler directives have default values. These have been chosen 
to optimize execution speed and minimize code size. This means 
that e.g. code generation for recursive procedures (CP/M-SO only) 
and index checking has been disabled. Check below to make sure 
that your programs include the required compiler directive settings! 
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Common Compiler Directives 

B - I/O Mode Selection 

Default: 8 + 

The 8 directive controls input/output mode selection. When active, 
{$B +}, the CON: device is assigned to the standard files Input and Out­
put, i.e. the default input/output channel. When passive, {$B-}, the TRM: 
device is used. This directive is global to an entire program block and 
cannot be re-defined throughout the program. See pages 105 and 108 
for further details. 

C - Control C and S 

Default: C + 

The C directive controls control character interpretation during console 
I/O. When active, {$C +}, a Ctrl-C entered in response to a Read or 
Readln statement will interrupt program execution, and a Ctrl-S will tog­
gle screen output off and on. When passive, {$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 program block and cannot be re­
defined throughout the program. 

I - I/O Error Handling 

Default: 1+ 

The I directive controls I/O error handling. When active, {$I +}, all I/O 
operations are checked for errors. When passive, {$I-}, it is the respon­
sibility of the programmer to check I/O errors through the standard func­
tion IOresult. See page 116 for further details. 

I - Include Files 
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The I directive succeeded by a file name instructs the compiler to in­
clude the file with the specified name in the compilation. Include files are 
discussed in detail in chapter 17. 
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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 well cause a program to go haywire. It is a good idea to ac­
tivate this directive while developing a program. Once debugged, execu­
tion will be speeded up by setting it passive (the default state). 

v - Var-parameter Type Checking 

Default: V + 

The V compiler directive controls type checking on strings passed as 
var-parameters. When active, {$V + }, strict type checking is performed, 
i.e. the lengths of actual and formal parameters must match. When pas­
sive, {$V-}, the compiler allows passing of actual parameters which do 
not match the length of the formal parameter. See pages 203, 236, and 
267 for further details. 

U - User Interrupt 

Default: U-

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

SUMMARY OF COMPILER DIRECTIVES 315 



PC-DOS and MS-DOS Compiler Directives 

PC-DOS and MS-DOS Compiler Directives 

The following directives are unique to the PC/MS-DOS implementations: 

G - Input File Buffer 

Default: GO 

The G (get) directive enables I/O re-direction by defining the standard 
Input file buffer. When the buffer size is zero (default), the Input file 
refers to the CON: or TRM: device. When non-zero (e.g. ($G256}), it 
refers to the MS-DOS standard input handle. 

The D compiler directive applies to such non-zero-buffer input and out­
put files. The G compiler directive must be placed before the declaration 
part. 

P - Output File Buffer 

Default: PO 

The P (put) directive enables I/O re-direction by defining the standard 
Output file buffer. When the buffer size is zero (default), the Output file 
refers to the CON: or TRM: device. When non-zero (e.g. ($G512}), it 
refers to the MS-DOS standard output handle. 

The 0 compiler directive applies to such non-zero-buffer input and out­
put files. The P compiler directive must be placed before the declaration 
part. 

D - Device Checking 
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Default: D + 

When a text file is opened by Reset, Rewrite or Append, TURBO Pascal 
asks MS-DOS for the status of the file. If MS-DOS reports that the file is 
a device, TURBO Pascal disables the buffering that normally occurs on 
text files, and all I/O operations on the file are done on a character by 
character basis. 
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PC-DOS and MS-DOS Compiler Directives 

The D directive may be used to disable this check. The default state 
{$D + }, and in this state, device checks are made. In the {$D-} state, no 
checks are made and all device I/O operations are buffered. In this case, 
a call to the standard procedure Flush will ensure that the characters 
you have written to a file have actually been sent to it. 

F-Number of Open Files 

Default: F16 

The F directive controls the number of files that may be open simultane­
ously. The default setting is {$F16}, which means that up to 16 files 
may be open at anyone time. If, for instance, a {$F24} directive is 
placed at the beginning of a program (before the declaration part), up to 
24 files may be open concurrently. The F compiler directive does not lim­
it the number of files that may be declared in a program; it only sets a 
limit to the number of files that may be open at the same time. 

Note that even if the F compiler directive has been used to allocate 
sufficient file space, you may still experience a 'too many open files' er­
ror condition if the operating system runs out of file buffers. If that hap­
pens, you should supply a higher value for the files = xx parameter in 
the CONFIG.SYS file. The default value is usually 8. For further detail, 
please refer to your MS-DOS documentation. 

PC-DOS, MS-DOS, and CP IM-SS Compiler Directive 

The following directive is unique to the 16-bit implementations: 

K - Stack Checking 

Default: K+ 

The K directive controls the generation of stack check code. When ac­
tive, {$K +}, a check is made to insure that space is available for local 
variables on the stack before each call to a subprogram. When passive, 
{$K-}, no checks are made. 
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CP 1M-SO Compiler Directives 

The following directives are unique to the a-bit implementation: 

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 re­
quires more memory and executes slower. 

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 81. 

x - Array Optimization 
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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 75. 
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Appendix D 
TURBO VS. STANDARD PASCAL 

The TURBO Pascal language follows the Standard Pascal defined by 
Jensen & 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 not discussed. 

Dynamic Variables 

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

Recursion 

CP/M-SO version only: 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. 

Get and Put 

The standard procedures Get and Put are not implemented. Instead, 
the Read and Write procedures have been extended to handle all I/O 
needs. The reason for this is threefold: Firstly, Read and Write give 
much faster I/O; secondly, variable space overhead is reduced, as file 
buffer variables are not required, and thirdly, the Read and Write pro­
cedures are far more versatile and easier to understand that Get and 
Put. 

Goto Statements 

A goto statement must not leave the current block. 
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Page Procedure 

Page Procedure 

The standard procedure Page is not implemented, as the CP/M operat­
ing system does not define a form-feed character. 

Packed Variables 

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

Procedural Parameters 

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

The following is a listing of error messages you may get from the com­
piler. When encountering an error, the compiler will always print the er­
ror 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 'j' expected 
02 ':' expected 
03 ',' expected 
04 '(' expected 
05 ')' expected 
06 ' = ' expected 
07 ': = , expected 
08 'l' expected 
09 '1' expected 
10 ' .' expected 
11 ' .. ' expected 
12 BEGIN expected 
13 DO expected 
14 END expected 
15 OF expected 
16 PROCEDURE or FUNCTION expected 
17 THEN expected 
18 TO or DOWNTO expected 
20 Boolean expression expected 
21 File variable expected 
22 Integer constant expected 
23 Integer expression expected 
24 Integer variable expected 
25 Integer or real constant expected 
26 Integer or real expression expected 
27 Integer or real variable expected 
28 Pointer variable expected 
29 Record variable expected 
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30 Simple type expected 
Simple types are all scalar types, except real. 

31 Simple expression expected 
32 String constant expected 
33 String expression expected 
34 String variable expected 
35 Textfile expected 
36 Type identifier expected 
37 Untyped file expected 
40 Undefined label 

A statement references an undefined label. 
41 Unknown identifier or syntax error 

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

42 Undefined pointer type in preceding type definitions 
A preceding pOinter type definition contains a reference to an unk­
nown type identifier. 

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

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

45 Constant out of range 
46 Constant and CASE selector type does not match 
47 Operand type(s) does not match operator 

Example: 'A' div '2' 
48 Invalid result type 

Valid types are all scalar types, string types, and pOinter types. 
49 Invalid string length 

The length of a string must be in the range 1 .. 255. 
50 String constant length does not match type 
51 Invalid subrange base type 

Valid base types are all scalar types, except real. 
52 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. 

53 Reserved word 
These may not be used as identifiers. 

54 Illegal assignment 
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55 String constant exceeds line 
String constants must not span lines. 

56 Error in integer constant 
An Integer constant does not conform to the syntax described in 
page 43, 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. 

57 Error in real constant 
The syntax of Real constants is defined on page 43. 

58 Illegal character in identifier 
60 Constants are not allowed here 
61 Files and pointers are not allowed here 
62 Structured variables are not allowed here 
63 Textfiles are not allowed here 
64 Textfiles and untyped files are not allowed here 
65 Untyped files are not allowed here 
66 1/0 not allowed here 

Variables of this type cannot be input or output. 
67 Files must be VAR parameters 
68 File components may not be files 

file of file constructs are not allowed. 
69 Invalid ordering of fields 
70 Set base type out of range 

The base type of a set must be a scalar with no more than 256 pos­
sible values or a subrange with bounds in the range 0 .. 255. 

71 Invalid GOTO 
A GOTO cannot reference a label within a FOR loop from outside 
that FOR loop. 

72 Label not within current block 
A GOTO statement cannot reference a label outside the current 
block. 

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

74 INLINE error 
75 Illegal 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. 

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

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

COMPILER ERROR MESSAGES 323 



COMPILER ERROR MESSAGES 

90 File not found 
The specified include file does not exist. 

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

92 Unable to create overlay file 
97 Too many nested WITHs 

Use the W compiler directive to increase the maximum number of 
nested WITH statements. Default is 2. (CP/M-80 only). 

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

99 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. 
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Appendix F 
RUN-TIME ERROR MESSAGES 

Fatal errors at run-time result in a program halt and the display of the 
message: 

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 occurred. The following contains explana­
tions of all run-time error numbers. Notice that the numbers are hexade­
cimal! 

01 Floating point overflow. 
02 Division by zero attempted. 
03 Sqrt argument error. 

The argument passed to the Sqrt function was negative. 
04 Ln argument error. 

The argument passed to the Ln function was zero or negative. 
10 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 charac­
ter. 

11 Invalid string index. 
Index expression is not within 1 .. 255 with Copy, Delete or Insert pro­
cedure calls. 

90 Index out of range. 
The index expression of an array subscript was out of range. 

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

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

FF 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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Notes: 

326 TURBO Pascal Reference Manual 



I/O ERROR MESSAGES 

Appendix G 
I/O ERROR MESSAGES 

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

IIO error NN, PC=addr 
Program aborted 

Where NN is the I/O error number, and addr is the address in the pro­
gram code where the error occurred. 

If I/O error checking is passive ({$I-}), an I/O error will not cause the pro­
gram to halt. Instead, all further I/O is suspended until the result of the 
I/O operation has been examined with the standard function 10result. If 
I/O is attempted before 10result is called after en error, a new error oc­
curs, possibly hanging the program. 

The following contains explanations of all run-time error numbers. Notice 
that the numbers are hexadecimal! 

01 File does not exist. 
The file name used with Reset, Erase, Rename, Execute, or Chain 
does not specify an existing 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 try­
ing to read from the logical device LST:, which is an output-only dev­
ice. 

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 read from the 
logical device KBD:, which is an input-only device. 
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04 File not open. 
You are trying to access (with BlockRead or Block Write) a file 
without a previous Reset or Rewrite. 

10 Error in numeric format. 
The string read from a text file into a numeric variable does not con­
form to the proper numeric format (see page 43). 

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

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

22 Assign to std files not allowed. 
90 Record length mismatch. 

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

91 Seek beyond end-of-file. 
99 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 un­
able 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. 

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

F1 Directory is full. 
You are trying to Rewrite a file, and there is no more room in the disk 
directory. 

F2 File size overflow. 
You are trying to Write a record beyond 65535 to a defined file. 

FF 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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Appendix H 
TRANSLATING ERROR MESSAGES 

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

The first 24 lines of this file define a number of text constants for subse­
quent 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 1\ character 
in the following listing. The value of each constant is anything that fol­
lows 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 mes­
sage text may consist of any characters and may include previously 
defined constant identifiers (control characters). Appendix E lists the 
resulting messages in full. 

When you translate the error messages, the relation between constants 
and error messages will probably be quite different from the English ver­
sion 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 con­
stant 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 in total, but 
would require 101 characters if written in clear text. 

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

Error Message File Listing 

330 

"A are not allowed 
"8 can not be 
"C constant 
"D does not 
"E expression 
"F identifier 
"G file 
"H here 
"KInteger 
"LFile 
"NIllegal 
"0 or 
"PUndefined 
"Q match 
"R real 
"SSt ring 
"TTextfile 
"u out of range 
"V variable 
"W overflow 
"X expected 
"Y type 
"[Invalid 
"] pointer 
01'; '''X 
02':' "X 
03',' "X 
04' (' "X 
05')' "X 
06'=' "X 
07' :=' "X 
08' [' "X 
09']' "X 
10' .' "X 
11' .. ' "X 
12BEGIN"X 
13DO"X 
14END"X 
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150F"X 
17THEN"X 
lSTO"O DOWNTO"X 
20Boolean"E"X 
21"L"V"X 
22"K"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 
2SPointer"V"X 
29Record"V"X 
30Simple"Y"X 
31Simple"E"X 
32"S"C"X 
33"S"E"X 
34"S"V"X 
35"T"X 
36Type"F"X 
37Untyped"G"X 
40"P label 
41Unknown"F"O syntax error 
42"P"]"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 
50"S"C length"D"Q"Y 
51"[ subrange base"Y 
52Lower bound > upper bound 
53Reserved word 
54"N assignment 
55"S"C exceeds line 
56Error in integer"C 
57Error in"R"C 
58"N character in"F 
60"Cs"A"H 
61"Ls and"]s"A"H 
62Structured"Vs"A"H 
63"Ts"A"H 
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64 ATs and untypedAGsAAAH 
65UntypedAGsAAAH 
66I/O A A 
67 ALs must beAV parameters 
68 AL componentsABAGs 
69 A[AOrdering of fields 
70Set baseAyAU 
7lA[ GOTO 
72Label not within current block 
73 AP FORWARD procedure(s) 
74INLINE error 
75 AN use of ABSOLUTE 
90 AL not found 
9lUnexpected end of source 
97Too many nested WITH's 
98MemoryAW 
99Compiler AW 
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Appendix I 
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 
meta-symbols belonging to the BNF formalism, and not symbols of the 
TURBO Pascal language: 

I 
{ } 

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

All other symbols are part of the language. Each syntactic construct is 
printed in italics, e.g.: block and case-element. reserved words are 
printed in boldface, e.g.: array and for. 

actual-parameter:: = expression I variable 
adding-operator:: = + I - I or I xor 
array-constant :: = (structured-constant { , structured-constant} ) 
array-type :: = array [ index-type { , index-type} ] of component-type 
array-variable :: = variable 
assignment-statement:: = variable: = expression I 

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-Jist :: = case-list-element { , case-list-element} 
case-Jist-element :: = constant I constant .. constant 
case-statement:: = case expression of case-element { ; case-element} end I 

case expression of case-element { ; case-element} 
otherwise statement { ; statement} end 

complemented-factor :: = signed-factor I not signed-factor 
component-type:: = type 
component-variable:: = indexed-variable I field-designator 
compound-statement:: = begin statement { ; statement} end 
conditional-statement :: = if-statement I case-statement 
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constant:: = unsigned-number I sign unsigned-number I constant-identifier 
I sign constant-identifier I string 

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

constant-definition :: = untyped-constant-definition I 
typed-cons tan t-de finition 

constant-identifier :: = identifier 
control-character:: = # unsigned-integer I " character 
control-variable :: = variable-identifier 
declaration-part:: = { declaration-section} 
declaration-section :: = label-declaration-part I constant-definition-part I 

type-definition-part I variable-declaration-part I 
procedure-and-function-declaration-part 

digit:: = 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 
digit-sequence :: = digit { digit} 
empty:: = 
empty-statement:: = empty 
entire-variable :: = variable-identifier I typed-constant-identifier 
expression :: = simple-expression { relational-operator simple-expression} 
factor:: = variable I unsigned-constant I (expression) I 

function-designator I set 
field-designator:: = record-variable. field-identifier 
field-identifier:: = identifier 
field-list:: = fixed-part I fixed-part; variant-part I variant-part 
file-identifier :: = identifier 
file-identifier-list :: = empty I (file-identifier { , file-identifier} 
file-type :: = file of type 
final-value :: = expression 
fixed-part :: = record-section { ; record-section } 
for-list:: = initial-value to final-value I initial-value downto final-value 
for-statement:: = for control-variable : = for-list do statement 
formal-parameter-section :: = parameter-group I var parameter-group 
function-declaration :: = function-heading block; 
function-designator:: = function-identifier I function-identifier 

(actual-parameter { , actual-parameter} ) 
function-heading :: = function identifier: result-type; I 

function identifier (formal-parameter-section 
{ , formal-parameter-section } ) : result-type; 

function-identifier :: = identifier 
goto-statement:: = goto label 
hexdigit :: = digit I A I B I C I DIE I F 
hexdigit-sequence :: = hexdigit { hexdigit} 
identifier :: = letter { letter-or-digit} 
identifier-list :: = identifier { , identifier} 
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if-statement:: = if expression then statement { else statement } 
index-type :: = simple-type 
indexed-variable :: = array-variable [ expression { I expression} ] 
initial-value :: = expression 
inline-list-element :: = unsigned-integer I constant-identifier I 

variable-identifier I location-counter-reference 
inline-statement :: = inline inline-list-element { I inline-list-element } 
label :: = letter-or-digit { letter-or-digit } 
label-declaration-part :: = label label { I label} ; 
letter :: = A I B I C I DIE I FIG I Hili J I K I LIM I 

NIOIPIQIRISITIUIVIWIXIYIZI 
alblcidielflglhliljlkillmi 
nlolplqlrlsltlulvlwlxlylzl_ 

letter-or-digit :: = letter I digit 
location-counter-reference :: = * I * sign constant 
multiplying-operator:: = * 1/ I div I mod I and Ishii 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; I procedure identifier 

( formal-parameter-section 
( I formal-parameter-section ) ) ; 

procedure-or-function-declaration :: = procedure-declaration I 
function-declaration 

procedure-statement:: = procedure-identifier I procedure-identifier 
(actual-parameter ( I actual-parameter) ) 

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

program :: = program-heading block. 
program-identifier:: = identifier 
record-constant:: = (record-constant-element 

{ ; record-constant-element } ) 
record-constant-element :: = field-identifier: structured-constant 
record-section :: = empty I field-identifier ( I field-identifier) : type 
record-type :: = record field-list end 
record-variable :: = variable 
record-variable-list :: = record-variable ( I record-variable) 
referenced-variable :: = pointer-variable "-
relational-operator:: = = I < > I < = I > = I < I > I in 
repeat-statement :: = repeat statement ( ; statement) until expression 
repetitive-statement :: = while-statement I repeat-statement I for-statement 

TURBO SYNTAX 335 



TURBO SYNTAX 

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 I 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 
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 
type :: = simple-type' structured-type' pointer-type 
typed-constant-identifier:: = identifier 
unpacked-structured-type :: = string-type' array-type, record-type' 

set-type' file-type 
unsigned-constant :: = unsigned-number I 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 
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variable :: = entire-variable I component-variable I referenced-variable 
variable-declaration :: = identifier-list: type I 

identifier-list: type absolute constant 
variable-declaration-part :: = var variable-declaration 

{ ; variable-declaration} ; 
variable-identifier :: = identifier 
variant :: = empty I 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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Notes: 
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ASCII TABLE 

DEC HEX CHAR DEC HEX CHAR 

0 00 "@ NUL 32 20 SPC 
1 01 "A SOH 33 21 ! 
2 02 liB STX 34 22 " 
3 03 'IIC ETX 35 23 # 

4 04 liD EOT 36 24 $ 
5 05 liE ENQ 37 25 % 
6 06 "F ACK 38 26 & 
7 07 "G BEL 39 27 , 
8 08 "H BS 40 28 ( 
9 09 "I HT 41 29 ) 

10 OA IIJ LF 42 2A * 
11 OB "K VT 43 2B + 
12 OC ilL FF 44 2C 
13 OD "M CR 45 2D -
14 OE "N SO 46 2E 
15 OF "0 SI 47 2F / 
16 10 lip DLE 48 30 0 
17 11 "Q DCl 49 31 1 
18 12 "R DC2 50 32 2 
19 13 liS DC3 51 33 3 
20 14 liT DC4 52 34 4 
21 15 "U NAK 53 35 5 
22 16 "V SYN 54 36 6 
23 17 "W ETB 55 37 7 
24 18 "X CAN 56 38 8 
25 19 "Y EM 57 39 9 
26 lA liZ SUB 58 3A : 
27 IB "[ ESC 59 3B ; 
28 lC "\ FS 60 3C < 
29 ID II ] GS 61 3D = 

30 lE 1111 RS 62 3E > 
31 IF II US 63 3F ? -

ASCII TABLE 

ASCII TABLE 

DEC HEX CHAR DEC HEX CHAR 

64 40 @ 96 60 I 

65 41 A 97 61 a 
66 42 B 98 62 b 
67 43 C 99 63 c 
68 44 D 100 64 d 
69 45 E 101 65 e 
70 46 F 102 66 f 
71 47 G 103 67 g 
72 48 H 104 68 h 
73 49 I 105 69 i 
74 4A J 106 6A j 
75 4B K 107 6B k 
76 4C L 108 6C 1 
77 4D M 109 6D m 
78 4E N 110 6E n 
79 4F 0 111 6F 0 

80 50 P 112 70 p 
81 51 Q 113 71 q 
82 52 R 114 72 r 
83 53 S 115 73 s 
84 54 T 116 74 t 
85 55 U 117 75 u 

86 56 V 118 76 v 
87 57 W 119 77 w 
88 58 X 120 78 x 
89 59 Y 121 79 y 
90 5A Z 122 7A z 
91 5B [ 123 7B { 

92 5C \ 124 7C I 
93 5D ] 125 7D } 

94 5E II 126 7E 
95 5F 127 7F DEL -
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Appendix K 
KEYBOARD RETURN CODES 

This appendix lists the codes returned from all combinations of keys on 
the entire IBM PC keyboard, as they are seen by TURBO Pascal. Actu­
ally, function keys and 'Alt-ed' keys generate 'extended scan codes', 
but these are turned into 'escape sequences' by TURBO. 

To read the escape sequences, you let your read routine check for ESC, 
and if detected see if there is another character in the keyboard buffer. 
If there is, an escape code was received, so you read the next character 
and set a flag to signal that what you got is not a normal character, but 
the second part of an 'escape sequence' 

if KeyPressed then 
begin 

Read(Kbd,Ch) { ch is char 
if (ch = #27) and KeyPressed then { one more char? } 
begin 

Read(Kbd,Ch) 
FuncKey := True; 

end 
end; 

{ FuncKey is boolean } 

The following table lists the return codes as decimal ASCII values. Nor-
mal keys only return a single code; extended codes return an ESC (27) 
followed by one more character. 

Key Unshifted Shift Ctrl Alt 

Fl 27 59 27 84 27 94 27 104 
F2 27 60 27 85 27 95 27 105 
F3 27 61 27 86 27 96 27 106 
F4 27 62 27 87 27 97 27 107 
F5 27 63 27 88 27 98 27 108 
F6 27 64 27 89 27 99 27 109 
F7 27 65 27 90 27 100 27 110 
F8 27 66 27 91 27 101 27 III 
F9 27 67 27 92 27 102 27 112 
FlO 27 68 27 93 27 103 27 113 
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Key Unshifted Shift Ctrl Alt 

LArr 27 75 52 27 115 27 178 
RArr 27 77 54 27 116 27 180 
UArr 27 72 56 27 160 27 175 
DArr 27 80 50 27 164 27 183 
Home 27 71 55 27 174 
End 27 79 49 27 117 27 182 
PgUp 27 73 57 27 132 27 176 
PgDn 27 81 51 27 118 27 184 
Ins 27 82 48 27 165 27 185 
Del 27 83 46 27 166 27 186 
Esc 27 27 27 
BackSp 8 8 127 
Tab 9 27 15 
RETURN 13 13 10 
A 97 65 1 27 30 
B 98 66 2 27 48 
C 99 67 3 27 46 
D 100 68 4 27 32 
E 101 69 5 27 18 
F 102 70 6 27 33 
G 103 71 7 27 34 
H 104 72 8 27 35 
I 105 73 7 27 23 
J 106 74 10 27 36 
K 107 75 11 27 37 
L 108 76 12 27 38 
M 109 77 13 27 50 
N 110 78 14 27 49 
0 III 79 15 27 24 
P 112 80 16 27 25 
Q 113 81 17 27 16 
R 114 82 18 27 19 
S 115 83 19 27 31 
T 116 84 20 27 20 
U 117 85 21 27 22 
V 118 86 22 27 47 
W 119 87 23 27 17 
X 120 88 24 27 45 
y 121 89 25 27 21 
Z 122 90 26 27 44 
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Key Unshifted Shift Ctr1 A1t 

[ 91 123 27 
\ 92 124 28 
] 93 125 29 

96 126 
0 48 41 27 129 
1 49 33 27 120 
2 50 64 27 3 27 121 
3 51 35 27 122 
4 52 36 27 123 
5 53 37 27 124 
6 54 94 30 27 125 
7 55 38 27 126 
8 56 42 27 127 
9 57 40 27 128 
* 42 27 114 
+ 43 43 

45 95 31 27 130 
61 43 27 131 

, 44 60 
/ 47 63 

59 58 

Table K-1: Keyboard Return Codes 
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Notes: 
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Appendix L 
INST ALLATION 

Terminal Installation 

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

After having made 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. Depending on your version of 
TUqBO Pascal, the installation proceeds as described in the following 
two sections. 

IBM PC Display Selection 

If you use TURBO Pascal without installation, the default screen set-up 
will be used. You may override this default by selecting another screen 
mode from this menu: 

Choose one of the following displays: 

0) Default display mode 
1) Monochrome display 
2) Color display 80x25 
3) Color display 40x25 
4) b/w display 80x25 
5) b/w display 40x25 

Which display (enter no. or AX to exit) -

Figure L-1: IBM PC Screen Installation Menu 
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Each time TURBO Pascal runs, the selected mode will be used, and you 
will return to the default mode on exit. 

Non-IBM PC Installation 

346 

A menu listing a number of popular terminals will appear, inviting you to 
choose one by entering its number: 

Choose one of the following terminals: 

1) ADDS 20/25/30 15) Lear-Siegler ADM-3l 
2) ADDS 40/60 16) Liberty 
3) ADDS Viewpoint-IA 17) Morrow MDT-20 
4) ADM 3A 18) Otrona Attache 
5) Ampex 080 19) Qume 
6) ANSI 20) Soroc IQ-120 
7) Apple/graphics 21) Soroc new models 
8) Hazeltine 1500 22) Teletext 3000 
9) Hazeltine Esprit 23) Televideo 912/920/925 

10) IBM PC CCP/M b/w 24) Visual 200 
11) IBM PC CCP/M color 25) Wyse WY-IOO/200/300 
12) Kaypro 10 26) Zenith 
13) Kaypro II and 4 27) None of the above 
14) Lear-Siegler ADM-20 28) Delete a definition 

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

Figure L-2: Terminal Installation Menu 

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). 
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If your terminal is not on the menu, however, you must define the re­
quired 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 terminal 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 in­
stalled, these functions will be emulated in software, slowing screen per­
formance somewhat. 

Commands may be entered either simply by pressing the appropriate 
keys or by entering the decimal or hexadecimal ASCII value of the com­
mand. If a command requires the two characters 'ESCAPE' and' = " 
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 values separated by spaces. Hexa­
decimal values must be preceded by a dollar-sign. Enter e.g. 27 61 
or $lB 61 or $lB $3D which are all equivalent. 

The two methods cannot be mixed, i.e. once you have entered a non­
numeric character, the rest of that command must be defined in that 
mode, and vise versa. 

A hyphen entered as the very first character is used to delete a com­
mand, and echoes the text Nothing. 

Terminal type: 
Enter the name of the terminal you are about to install. When you com­
plete T1NST , the values will be stored, and the terminal name will ap­
pear 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. 
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Send 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. 

Send a reset string to the terminal? 
Define a string to be sent to the terminal when TURBO Pascal ter­
minates. The description of the initialization command above applies 
here. 

CURSOR LEAD-IN command: 

348 

Cursor Lead-in is a special sequence of characters which tells your ter­
minal 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 supplemen­
tary 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 address on the format: first ROW, then 
COLUMN. If this is the case on your terminal, answer N. If your ter­
minal 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 on binary form. If that is 
true for your terminal, enter Y. If your terminal expects the cursor ad­
dress as ASCII digits, enter N. If so, you are asked the supplementa­
ry question: 
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2 or 3 ASCII 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 com­
mand that initiates the dim video here. If this command is defined, the 
following question is asked: 

START OF 'NORMAL VIDEO' command: 
Define the command that sets the screen to show characters in 'normal' 
video. 

Number of rows (lines) 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). 
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Is this definition correct? 
If you have made any errors in the definitions, enter N. You will then re­
turn to the terminal selection menu. The installation data you have just 
entered will be included in the installation data file and appear on the ter­
minal 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 are depending 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 return to the outer menu (see section 12 ). Installation data, is 
also saved in the installation data file and the new terminal will appear 
on the terminal selection list when you run TlNST in future. 

Editing Command Installation 

350 

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 of two com­
mands: a primary command and a secondary command. The secondary 
commands are installed by Borland and comply with the 'standard' set 
by WordS tar. The primary commands are un-defined for most systems, 
and using the installation program, they may easily be defined to fit your 
taste or your keyboard. IBM PC systems are supplied with the arrows 
and dedicated function keys installed as primary commands as 
described in chapter 19. 

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

CURSOR MOVEMENTS: 

1: Character left Nothing -> • 
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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 ex­
ample a left-arrow-key, if you have it) or any other key or sequence of 
keys that you choose (max. 4). The installation program responds with a 
mnemonic of 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 
ASCII value(s) of the character(s) in the command. The values of multi­
ple characters are entered separated by spaces. Decimal values are just 
entered: 27; hexadecimal values are prefixed by a dollar-sign: $lB. 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. 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 terminate 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 vise 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. 
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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, an 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 secon­
dary command inaccessible. 

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

CURSOR MOVEMENTS: 
1 : Character left Ctrl-S 
2: Alternative Ctrl-H 
3: Character right Ctrl-D 
4: Word left Ctrl-A 
5: Word right Ctrl-F 
6: Line up Ctrl-E 
7: Line down Ctrl-X 
8: Scroll up Ctrl-W 
9: Scroll down Ctrl-Z 

10: Page up Ctrl-R 
11: Page down Ctrl-C 
12: To left on line Ctrl-Q Ctrl-S 
13: To right on line Ctrl-Q Ctrl-D 
14: To top of page Ctrl-Q Ctrl-E 
15: To bottom of page Ctrl-Q Ctrl-X 
16: To top of file Ctrl-Q Ctrl-R 
17: To end of file Ctrl-Q Ctrl-C 
18: To beginning of block Ctrl-Q Ctrl-B 
19: To end of block Ctrl-Q Ctrl-B 
20: To last cursor position Ctrl-Q Ctrl-P 
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INSERT & DELETE: 

21: Insert mode on/off Ctrl-V 
22: Insert line Ctrl-N 
23: Delete line Ctrl-Y 
24: Delete to end of line Ctrl-Q Ctrl-Y 
25: Delete right word Ctrl-T 
26: Delete character under cursor Ctrl-G 
27: Delete left character <DEL> 
28: Alternative: Nothing 

BLOCK COMMANDS: 

29: Mark block begin Ctrl-K Ctrl-B 
30: Mark block end Ctrl-K Ctrl-K 
31: Mark single word Ctrl-K Ctrl-T 
32: Hide/display block Ctrk-K Ctrl-W 
33: Copy block Ctrl-K Ctrl-C 
34: Move block Ctrl-K Ctrl-V 
35: Delete block Ctrl-K Ctrl-Y 
36: Read block from disk Ctrl-K Ctrl-R 
37: Write block to disk Ctrl-K Ctrl-W 

MISC. EDITING COMMANDS: 

38: End edit Ctrl-K Ctrl-D 
39: Tab Ctrl-I 
40: Auto tab on/off Ctrl-Q Ctrl-I 
41 : Restore line Ctrl-Q Ctrl-L 
42: Find Ctrl-Q Ctrl-F 
43: Find & replace Ctrl-Q Ctrl-A 
44: Repeat last find Ctrl-L 
45: Control character prefix Ctrl-P 

Table L-1: Secondary Editing Commands 

Items 2 and 28 let you define alternative commands to Character Left 
and Delete left Character commands. Normally < BS > is the alterna­
tive 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 con-
veniently located. Of course, the two alternative commands must be 
unambiguous like all other commands. 
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CP/MPRIMER 

How to use TURBO on a CP/M system 

CP/M PRIMER 

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 re­
booting, for example, CP/M will generate the following error message 
when a disk-write is attempted: 

BOOS ERROR ON A: RIO 

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

Copying Your TURBO Disk 

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

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

You have instructed PIP it 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. 
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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. 

Using Your TURBO Disk 

356 

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 12 ). 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!!! 

HELP!!! 

This appendix lists a number of the most commonly asked questions 
and their answers. If you don't find the answer to your question here, 
you can either call Borland's technical support staff, or you can access 
CompuServe's Consumer Information 24 hours a day and 'talk' to the 
Borland Special Interest Group. See insert in the front of this manual for 
details. 

Q: How do I use the system? 
A: Please read the manual, specifically chapter 1 . If you must get start­

ed immediately do the following: 
1) Boot up your operating system 
2) If you have a computer other than an IBM PC, run Tinst to 

install Turbo for your equipment. 
3) Run Turbo 
4) Start programming! 

Q: I am having trouble installing my terminal! 
A: If your terminal is not one that is on the installation menu you must 

create your own. All terminals come with a manual containing infor­
mation on codes that control video I/O. You must answer the ques­
tions 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 initializa­
tion string or reset string. These are usually used to access 
enhanced features of a particular terminal; for example on some ter­
minals 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. 

Q: I am having disk problems. How do I copy my disks? 
A: Most disk problems do not mean you have a defective disk. 

HELP!!! 

Specifically, if you are on a CP/M-BO system you may want to look 
up the brief CP/M primer on page 355 . If you can get a directory of 
your distribution disk, then chances are that it is a good disk. 
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To make a backcopy copy of Turbo you should use a file-by-file copy 
program like COPY for PC/MS-DOS or PIP for CP/M-80/86. The reason 
is that for those of you who have quad density disk drives, you may 
have trouble using a DISKCOPY type program. These programs are ex­
pecting the exact same format for the Source diskette as well as the 
Destination diskette. 

Q: Do I need. an 8087 chip to use Turbo-87? 
A: Yes, if you want to compile programs for the 8087 chip, that chip 

must be in your machine. The standard TURBO compiler, however, is 
included on the Turbo-87 disk, so you can have it both ways! 

Q: Do I need any special equipment to use TURBO-BCD? 
A: No, but the BCD reals package works on 16 bit implementations of 

Turbo only. 

Q: Do I need Turbo to run programs I developed in Turbo? 
A: No, Turbo can make .COM or .CMD files. 

Q: How do I make .COM or .CMD files? 
A: Type 0 from the main menu for Compiler Options and then select 

"C" for .COM or .CMD file. 

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 $1 com­
piler directive. This is explained in chapter 17. 

Q: What do I do when I get error 99 (Compiler overflow)? 
A: You can do two things: break your code into smaller segments and 

use the $1 compiler directive (explained in chapter 17) or compile to a 
.COM or .CMD file. 

Q: What do I do if my object code is going to be larger than 64K? 
A: Either use the chain facility or use overlays. 
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Q: How do I read from the keyboard without having to hit return 
(duplicate BASIC's INKEY$ function)? 

A: Like this: read ( Kbd, Ch) where Ch:Char. 

Q: How do I get output to go to the printer? 
A: Try: Wri teln( Lst, ... ). 

Q: How can I get a listing of my source code to my printer? 

HELP!!! 

A: 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. 

program TextFileDemo; 

var 
TextFile Text; 
Scratch String[128]; 

begin 
Wri te ( 'File to print: '); 
Readln(Scratch); 
Assign(TextFile. Scratch); 
{$I-} 

Reset(TextFile); 
{$I+} 

if IOresult <> 0 then 

Get file name 

Open the file 

Writeln('Cannot find'. Scratch) File not found 
else { Print the file .. 
begin 

while not Eof(TextFile) do 
begin 

Readln(TextFile. Scratch); Read a line 
Writeln(Lst, Scratch) Print a line 

end; {while } 
Writeln(Lst) { Flush printer buffer 
end { else } 

end. 

Q: How do I get output to and input from COM1:? 

} 

} 

A: Try: writeln(AUX, ... ) after setting up the port using MODE from 
MSDOS or an equivalent ASSIGN 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. 
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Q: How do I read a function key? 
A: Function keys generate 'extended scan codes' which are turned into 

'escape sequences' by TURBO, that is, two characters are sent from 
the keyboard: first an Esc (decimal ASCII value 27), then some other 
character. You'll find a table of all values in 341 . 

To read these extended codes, you check for ESC and if detected 
see if there is another character in the keyboard buffer. If there is, a 
function key was pressed, so you read the next character and set a 
flag to signal that what you got is not a normal character, but the 
second part of an 'escape sequence' 

if KeyPressed then 
begin 

Read(Kbd,Ch) { ch is char } 
if (ch = #27) and KeyPressed then { one more char? } 
begin 

Read(Kbd,Ch) 
FuncKey := True; { FuncKey is boolean} 

end 
end; 

Q: I am having trouble with file handling. What is the correct 
order of instructions to open a file? 

A: 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, 'NameOf.Fil'); 
Reset(FileVar); 

Close(FileVar); 
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0: Why do my recursive procedures not work? 
A: Set the A compiler directive off:{$A-}(CP/M-80 only) 

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

0: How do I find out if a file exists on the disk? 
A: Use {$I-} and {I +}. The following function returns True if the file 

name passed as a parameter exists, otherwise it returns False: 

function Exist(FileName: Name): Boolean; 
Var 

Fil: file; 
begin 

Assign(Fil, FileName); 
{$I-} 
Reset (Fil ) ; 
{$I+} 
Exist := (IOresult 0) 

end; 

0: How do I disable CTRL-C? 
A: Set compiler directive: {$C-}. 

0: I get a Type Mismatch error when passing a string to a function or 
procedure as a parameter. 

A: Turn off type checking of variable parameters: {$V-}. 

0: I get file not found error on my include file when I compile my 
program - even though the file is in the directory. 

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

0: Why does my program behave differently when I run it several times 
in a row? 

A: If you are running programs in Memory mode and use typed con­
stants as initialized variables,. these constants will only be initialized 
right after a compilation, not each time you Run the program as 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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Q: I don't get the results I think I should when using Reals and 
Integers in the same expression. . 

A: When assigning an Integer expression to a Real variable, the expres­
sion 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 * IntVarl * IntVar2; 

to ensure that the expression is calculated as a Real. 

Q: How do I get a disk directory from my TURBO program? 
A: Sample procedures for accessing the directory are included in the 

TURBO Tutor package (see how to order the TURBO Tutor on page 
3). 
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Appendix 0 
SUBJECT INDEX 

A 
A-command, 192, 229 
A-compiler directive, 286 
Abort command, 34 
Abs, 139 
Absolute address function, 

204,237 
Absolute value, 139 
Absolute variable, 203, 

236,261,267 
Adding operator, 51, 53 
Addr, 204, 237 
Addr Function, 268 
Allocating variable (New), 
. 120 
Append procedure, 200 
Arc, 173 
ArcTan, 139 
Arithmetic functions, 139, 

304 
Array component, 75 
Array constant, 90 
Array definition, 75 
Array of characters, 112 
Array subscript optimization, 

269 
Array, 75, 219, 224, 254, 

285,249,281 
Assign, 94 
Assignment operator, 37 
Assignment statement, 55 
Auto indent on/off switch, 31 
Auto indentation, 35 
Automatic overlay management, 

155 
AUX:, 104 

SUBJECT INDEX 

SUBJECT INDEX 

B 
Back, 178 
Background color, 161 
Backslash, 188 
Backspace, 109 
Backup, 17 
BAK file, 17 
Basic data types, 216, 246, 

278 
Basic graphics, 171 

Windows, and sound, 308 
Basic movement commands, 22 
Basic symbols, 37 
BCD range, 293 
BOOS, 261 
Bdos procedure and function, 

271 
BdosHL function, 271 
Begin block, 28 
Bios procedure and function, 

272 
BiosHL function, 272 
Blanks, 39 
Blink,161 
Block,127 
Block commands, 28 

Begin block, 28 
Copy block, 29 
Delete block, 29 
End block, 28 
Hide/display block, 29 
Mark single word, 28 
Move block, 29 
Read block from disk, 29 
Write block to disk, 30 

BlockRead, 114 
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BlockWrite, 114 
Boolean, 42 
Brackets, 37 
Buffer size, 200, 235 
BW40, 160 
BW80, 160 
Byte, 41 

C 
C-command, 17, 190,227, 

260 
C40, 160 
C80, 160 
Call by reference, 128 
Call by value, 127 
Case statement, 58 
Ch~n, 193,231,263 
Chain and execute, 193, 231, 

263 
Char, 42 
Character array constant, 90 
Character array, 77 
Character color, 161 
Character left, 24 
Character right, 24 
Characters, 73 
ChOir, 189 
Chr, 142 
Circle, 173 
Clear screen 

in graphics, 163 
ClearScreen, 179 
Clipping, 163,177,183 
Close, 96 
ClrEol,133 
ClrScr, 133 
Code segment, 191, 228 
Col(umn) indicator in editor, 

20 
Color identifierg, 161 
Color modes, 161 
ColorTable, 172 
COM1:, 104 

364 

Command-line parameters, 192, 
229,262 

Comments, 37, 39, 46 
Common compiler directives, 

314 
Common data, 194, 231, 264 
Compilation 

in memory, 288 
to disk, 289 

Compile command, 17 
Compiler directives, 46 

A: absolute code, 286, 
318 

B: input/output mode 
selection, 106,109,314 

C: AC and AS interpretation, 
314 . 

0: device check, 201,316 
F: open files, 317 
G: input file buffer, 201, 

316 
I: I/O error handling, 

116,314 
I: include files, 16, 147, 

314 
in include files, 148 
K: stack check, 317 
P: output file buffer, 

201,316 
R: Range checking, 65, 

73,76,315 
U: user interrupt, 315 
V: Type checking, 129, 

315 
W: With statement nesting, 

318 
X: Array optimization, 

269,318 
Compiler error messages, 321 
Compiler options, 18, 190, 

227,259 
Compound statement, 57 
CON:, 104 
Concat,71 
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Concatenation, 68 
Concurrent CP/M, 229 
Conditional statement, 57 
Consecutive subprograms, 152 
Constant definition part, 48 
Constants 

typed,89 
Control character, 22, 31, 

32,45,341 
Control character prefix, 34 
Conversion, 65 
Coordinates, 177 
Copy, 71 
Copy block, 29 
Cosine, 139 
CP/M function calls, 271 
CP /M-80· compiler directives, 

318 
CPU stack, 225,256,286 
CR as numeric input, 109 
Creating overlays, 152 
CrtExit, 134 
Crtlnit, 133 
Cseg, 205,237 
Ctrl-A,24 
Ctrl-A in search strings, 31, 

32 
Ctrl-C, 314, 315 
Ctrl-D, 24, 110 
Ctrl-E,24 
Ctrl-F,24 
Ctrl-G, 27 
Ctrl-K-B, 28 
Ctrl-K-C, 29 
Ctrl-K-D,30 
Ctrl-K-H, 29 
Ctrl-K-K, 28 
Ctrl-K-R, 29 
Ctrl-K-T, 28 
Ctrl-K-V, 29 
Ctrl-K-W,30 
Ctrl-L,33 
Ctrl-M,110 
Ctrl-N,27 
Ctrl-P,34 

SUBJECT INDEX 

SUBJECT INDEX 

Ctrl-Q-A, 32 
Ctrl-Q-B, 26 
Ctrl-Q-C, 26 
Ctrl-Q-D, 25 
Ctrl-Q-E, 26 
Ctrl-Q-F,31 
Ctrl-Q-I, 31 
Ctrl-Q-K, 26 
Ctrl-Q-L,31 
Ctrl-Q-P, 26 
Ctrl-Q-R, 26 
Ctrl-Q-S, 25 
Ctrl-Q-X, 26 
Ctrl-Q-Y, 28 
Ctrl-R, 25, 110 
Ctrl-S, 24 
Ctrl-T,27 
Ctrl-U, 34 
Ctrl-V,27 
Ctrl-W, 24 
Ctrl-X, 24, 109 
Ctrl-Y, 27 
Ctrl-Z, 24, 110 
Current directory, 196 
Cursor movement, 34 
Cursor movement commands 

Character left, 24 
Character right, 24 
Line down, 24 
Line up, 24 
Page down, 25 
Page up, 25 
Scroll down, 24 
Scroll up, 24 
To beginning of block, 26 
To bottom of screen, 26 
To end of block, 26 
To end of file, 26 
To last position, 26 
To left on line, 25 
To right on line, 25 
To top of file, 26 
To top of screen, 26 
Word left, 24 
Word right, 24 

Cursor position, 162 
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D 
D - Device checking, 316 
D compiler directive, 201 
D-command, 18, 191, 229 
Data area, 156 
Data conversion, 108 
Data segment, 191, 229 
Data structures, 219, 249, 

281 
Data transfer between 

programs, 194, 231, 264 
Declaration part, 47 
Declared scalar types, 41 
Default graphics window, 169 
Default turtlewindow, 182 
Default window, 168 
DEL,109 
Delay, 134 
Delete, 33, 69 
Delete a command, 347 
Delete block, 29 
Delete character under cursor, 

27 
Delete commands 

Delete character under 
cursor, 27 

Delete left character, 27 
Delete line, 27 
Delete right word, 27 
Delete to end of line, 28 

Delimiter, 39 
Del Line, 134 
Deviations from standard 

Pascal, 38,47, 48, 58, 
65,67,89,319 

Digit, 37 
Direct memory access, 205, 

238,268 
Direct port access, 206, 

239,269 
Directory command, 18 
Directory path, 188 
Directory-related procedures, 

189 
Discriminated unions, 83 

366 

Disjunction, 87 
Disk change, 15 
Disk file, 220, 250, 282 
DiSk-reset, 15 
Dispose, 124 
Draw, 163, 171 
Dseg, 205,238 
Dynamic variables, 119, 319 

E 
E-command, 17, 261 
Echo, 104,106 

of CR, 110, 111 
Edit command, 17 
Edit modes 

Insert, 27 
Overwrite, 27 

Editing command installation, 
350 

Editing commands, 13,20, 
350 

Character left, 24 
Character right, 24 
Line down, 24 
Line up, 24 
Page down, 25 
Page up, 25 
Scroll down, 24 
Scroll up, 24 
To beginning of block, 26 
To bottom of screen, 26 
To end of block, 26 
To end of file, 26 
To last pOSition, 26 
To left on line, 25 
To right on line, 25 
To top of file, 26 
To top of screen, 26 
Word left, 24 
Word right, 24 

Editing of input, 109 
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Editor, 19 
Command keys, 186 
Col,20 
File name, 20 
Indent, 20 
Insert, 20 
Line,20 

Element (of set), 85 
Else statement, 58 
Empty set, 86 
Empty statement, 56 
End address, 261 
End block, 28 
End edit command, 30, 35 
End of line, 39 
EOF, 97, 108, 109 

with text files, 102 
EOF function, 115 
Eoln, 102, 108, 109 
Erase; 96 
Error message file listing, 

330 
Error message translation, 

329 
Error messages 

Compiler, 321 
1/0,327 
Run-time, 325 

Esc, 109 
Execute, 193, 231, 263 
eXecute Command, 259 
Execution 

error messages, 325 
in memory, 290 
of a program file, 291 

Exist function, 97, 361 
Exit, 135 
Exp, 140 
Exponential, 140 
Extended file size, 199 
Extended graphics, 172, 309 
Extended movement commands, 

25 
Extensions, 2 

SUBJECT INDEX 

SUBJECT INDEX 

External procedures, 221 , 
252,283 

External subprograms, 210, 
242,274 

F 
F compiler directive, 198 
F-command, 192, 229, 262 
False, 42 
Field constant, 92 
Field list, 79 
Fields, 79 
File handling routines, 305 
File identifier, 93 
File interface blocks, 220, 

250,280 
File name indicator in editor, 

20 
File names, 15, 198, 235, 

267 
File of byte, 199 
File parameters, 128 
File path, 188 
File pointer, 93 
File standard functions, 97 
File type, 93 
File type definition, 93 
FilePos,97 
FilePos function, 115 
FilePos function (CP/M-86), 

235,267 
Files, 198,235,267 
Files on the 

distribution disk, 8 
TURBO-87 distribution disk, 
301 

TURBO-BCD distribution disk, 
293 

FileSize function, 98, 115 
(CP/M-86), 235,267 
with text files, 102 

FiIIChar, 136 
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Fill Pattern , 175 
FiIIScreen, 175 
FiIIShape procedure, 175 
Find,31 
Find and replace, 32 
Find runtime error, 192, 

229,262 
Flush procedure, 96, 199, 

200 
Flush procedure (CP /M-86), 

235,267 
Flush with text files, 102 
For statement, 60 
Foreign languages, 329 
Form function, 294 
Formatted writing, 298 
Forward procedure, 179 
Forward declarations, 156 
Forward references, 145 
Frac, 140 
Fractional part, 140 
Free memory, 192,229 
Free unions, 83 
FreeMem, 125 
Function call, 208, 240 
Function declaration, 137 
Function designator, 54 
Function result, 224, 255, 

285 
Functions, 137 

Concat,71 
Copy, 71 
EOF,97 
Eoln, 102 
FilePos, 97 
FileSize,98 
Length,72 
Pos, 72 

G 

Scalar types, 64 
SeekEof, 102 
SeekEoln, 102 

G compiler directive, 201 

368 

Get, 319 
GetDir, 189 
GetDotColor, 174 
GetMem, 125 
GetPic, 173 
Global variable access, 215, 

246 
Goto statement, 56, 319 
GotoXY, 134 
GraphBackground, 166 
GraphColorMode, 163 
Graphics functions 

GetDotColor, 174 
Graphics modes, 163 
Graphics procedures 

Arc, 173 
Circle, 173 
ColorTable, 172 
FiJI Pattern , 175 
FiIIScreen, 175 
FiJlShape, 175 
GetPic, 173 
Pattern, 176 
PutPic, 174 

Graphics window, 169 
GraphMode, 164 

H 
H-command, 190,227,260 
Halt, 135 
Heading, 179 
Heap, 120, 192,225,229, 

255,286,306 
HeapPtr, 225, 255, 286, 

290 
Hi,143 
Hide/display block, 29 
HideTurtle, 179 
Highlighting, 14 
HiRes, 164 
HiResColor, 164 
Home, 179 
Home position, 134 
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I-compiler directive, 314 
1/0,108 

checking, 116 
error messages, 327 
redirection, 201 
to textfiles, 108 

IBM PC display selection, 345 
procedures and functions, 

308 
screen installation, 12 

Identifier, 43 
If statement, 57 
In-line machine code, 211, 

243,274 
Include compiler directive, 

16 
Indent, 31 
Indent indicator in editor, 

20 
Initialized variable, 89 
Input character recall, 110 
Input line recall, 110 
Input without echo, 104, 106 
Input 

characters, 108 
editing, 109 
numeric values, 109 
strings, 109 

Input/output 
error handling, 116 
mode selection, 106 
procedures and functions, 

303 
Insert 

commands, 27 
indicator in editor, 20 
line, 27 
mode, 27 
mode on/off switch, 27 

Insert procedure, 69 
Ins Line, 134 
Installation, 12, 345 
Int, 140 

SUBJECT INDEX 

SUBJECT INDEX 

Integer, 41, 44 
Integer overflow, 41 
Integer part, 140 
Intensity signal, 161 
Internal data format, 216, 246, 

278,298,302 
Interrupt handling, 214, 

245,277 
Intersection, 85 
Intr procedure, 214, 245 
Introduction, 1 
10result, 116 

K 
K-compiler directive, 317 
KBD:, 104 
KeyPressed, 143 

L 
L-command, 15 
Label declaration part, 48 
Labels, 56 
Large programs, 147 
Length,72 
Length of strings, 67 
Letters, 37 
Limitations on sets, 85 
Line break, 31 
Line down, 24 
Line indicator in editor, 20 
Line restore, 35 
Line up, 24 
Ln, 140 
Lo, 143 
Local variables as 

var-parameters, 319 
Logarithm, 140 
Logged drive selection, 15 
Logical device, 104, 200 
LongFilePosition, 199 
LongFileSize, 199 
LongSeek, 199 
Lower case, 43 
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LowVideo, 135 
LST:, 104 

M 
M-command, 16, 190,227, 

260 
Main file selection, 16 
Mark,124 
Mark single word, 28, 34 
MaxAvail, 126 
Maximum free dynamic memory, 

192,229 
Mem array, 205, 238, 268 
MemAvail, 121,206,239, 

270 
Member (of set), 85 
Memory / Cmd file / cHn-file, 

227 
Memory / Com file / cHn-file, 

190,260 
Memory access, 205, 238, 

268 
Memory management, 226, 256, 

288 
Memory maps, 288 
Menu, 14 

C-command,17 
D-command,18 
E-command,17 
L-command,15 
M-command, 16 
O-command, 190,227,259 
Q-command,18 
R-command, 17 
S-command, 17 
W-command, 15 
X-command, 259 

Minimum code segment size, 
191,228 

Minimum data segment size, 
191,229 

Minimum free dynamic memory, 
192,229 

370 

Miscellaneous commands 
Abort command, 34 
Auto indent on/oft, 31 
Control character prefix, 

34 
End edit, 30 
Find,31 
Find and replace, 32 
Repeat last find, 33 
Restore line, 31 
Tab,30 

Miscellaneous 
Editing commands, 30 
Procedures and functions, 

307 
Standard functions, 143 

MkDir, 189 
Move, 136 
Move block, 29 
Multi-dimensional array 

constant, 91 
Multi-user system, 96 
Multidimensional array, 76 
Multiplying operator, 51, 

52 

N 
Natural logarithm, 140 
Nested overlay, 154 
Nesting of With statements, 

81,269 
New, 120 
NiI,120 
Non-IBM PC installation, 346 
Non-IBM PC screen 

installation, 12 
NormVideo, 135 
Not operator, 51, 52 
NoWrap, 180 
Number of open files, 198 
Numbers, 43 
Numeric field, 294 
Numeric input, 1 09 

TURBO Pascal Reference Manual 



o 
O-command, 190, 191, 227, 

228,259 
Odd,141 
Ofs, 204, 237 
Oops, 31 
Operations on files, 94 
Operations on text files, 101 
Operator precedence, 51 
Operators, 51 
Options, 190, 227, 259 
Options menu 

C-command, 190, 227, 260 
D-command, 191, 229 
E-command, 261 
F-command, 192, 229, 262 
H-command, 190, 227,260 
I-command, 192, 229 
M-command, 190,227,260 
O-command, 191, 228 
P-command, 192, 229, 262 
S-command, 261 

Ord,142,207,239,270 
Ordinal value, 142 
Overflow 

integer, 41 
real,42 

Overlay groups, 152 
Overlay system, 149 
Overlays, 155, 196, 233, 

265 
runtime errors, 156 

Overwrite mode, 27 
. OvrDrive procedure, 233, 265 

OvrPath procedure, 196 

p 
P compiler directive, 201 
Packed variable, 320 
Page down, 25 
Page procedure, 320 
Page up, 25 
Palette, 165 
Paragraph, 191, 192, 229 

SUBJECT INDEX 

SUBJECT INDEX 

Parameter, 127, 221, 252, 
283 

command-line, 192, 229, 
262 

value, 127 
variable, 128, 129, 130 

Path,188 
Pattern, 176 
PC-DOS, MS-DOS, and CP IM-86 

compiler directive, 317 
PenDown, 180 
PenUp, 180 
Placing overlay files, 155 
Plot, 163, 171 
Pointer, 119,218,224, 

249,254,281,285 
Pointer related items, 206, 

207,239,240,270 
Pointer symbol, 119 
Pointer type, 92 
Pointer value, 207, 239 
Port access, 206, 239, 269 
Port array, 206, 239,269 
Pos, 72 
Position with text files, 102 
Pred, 141 
Predecessor, 141 
Predefined array, 77, 205, 

238,268 
Procedural parameters, 320 
Procedure and function 

declaration part, 50 
Procedure declaration, 131 
Procedure statement, 56, 127 
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Procedures, 131 
Assign, 94 
Close, 96 
Delete, 69 
Erase, 96 
Flush,96 
Insert, 69 
Read,95 
ReadLn, 101 
recursive, 131 
Rename, 96 
Reset, 94 
Rewrite, 94 
Seek,95 
Str, 70 
Val,70 
Write, 95 
WriteLn, 101 

Program heading, 47 
Program lines, 39 
Ptr, 207, 239, 270 
Put, 319 
PutPic, 174 

Q 
Q-command,18 
Quit command, 18 

R 
R-command,17 
Random, 143 
Random access file, 221, 

251,282 
Random(Num), 143 
Randomize, 135 
Range checking, 65 
Read, 95 
Read block from disk, 29 
Read procedure, 108, 139 
Read without echo, 104, 106 
ReadLn, 101 
Readln procedure, 110, 139 

372 

Real, 42, 44, 217, 223, 247, 
254,278,284,299,302 

Real overflow, 42 
Real 

limitations in use of, 42 
Recall,110 
Record, 219,224,250,254, 

282,285 
Record constant, 91 
Record definition, 79 
Record type, 79 
RecurPtr, 286, 290 
Recursion, 131, 156, 286, 

318,319 
Recursion stack, 286 
Recursion 

Local variables as 
var-parameters, 319 

Redirection of I/O, 201 
Reducing run-time, 155 
Relational operator, 37, 

51,53 
Relative complement, 85 
Relaxations on parameter type 

checking, 129 
Release, 124 
Rename, 96 
Repeat last find, 33 
Repeat statement, 61 
Repetitive statements, 59 
Reserved words, 37 
Reset, 94 
Restore line, 31 
Restrictions imposed on 

overlays, 156 
RETURN,110 
Retype, 65 
Rewrite, 94 
RmDir, 189 
Root directory, 188 
Root program, 191, 228 
Round, 142 
Rounding, 142 
RUBOUT,109 
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Run command, 17 
Run-time error messages, 325 
Run-Time errors, 156 
Runtime range checking, 65, 

73, 76 

S 
S-command, 17,261 
Save command, 17 
Saving space, 155 
Scalar, 216,223,247, 

254,278,283 
Scalar functions, 141, 304 
Scalar type, 63 
Scope, 131 

of identifiers, 49 
of labels, 56 

Screen intensity, 161 
Screen mode control, 160 
Screen related procedures and 

functions, 306 
Scroll down, 24 
Scroll up, 24 
Search,31 
Seek,95 

with text files, 102 
Seek procedure, 115 
Seek procedure (CP IM-86), 

235,267 
SeekEof, 102 
SeekEoln, 102 
Seg, 204,237 
Separating overlays, 152 
Serial port in MS-DOS, 104 
Set assignment, 88 
Set constant, 92 
Set constructor, 86 
Set expression, 86 
Set operation, 85 
Set operator, 87 
Set type, 85 
Set type definition, 85 
SetHeading, 180 
SetPenColor, 181 

SUBJECT INDEX 

SUBJECT INDEX 

SetPosition, 181 
Sets, 218, 224, 248, 254, 

279,284 
Shared data, 194, 231, 264 
ShowTurtle, 181 
Simple statements, 55 
Sin, 140 
Sine, 140 
SizeOf,144 
Sound, 185 
Special symbols, 37 
Sqr, 141 
Sqrt, 141 
Square, 141 
Square root, 141 
Sseg, 205,238 
Stack, 192, 229 
StackPtr, 286, 290 
Standard files, 105 
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Standard functions, 139 
Abs,139 
Addr,204,237,268 
ArcTan, 139 
Bdos,271 

374 

Bios, 272 
BiosHL,272 
Cos, 139 
Cseg,205,237 
Dseg, 205, 238 
EOF,115 
Exp, 140 
FilePos, 115 
FilePos (CP/M-86), 235, 

267 
FileSize, 115 
FileSize (CP /M-86), 235, 

267 
Frac,140 
Hi, 143 
Int,140 
IOresult, 116 
KeyPressed, 143 
Ln, 140 
Lo, 143 
MaxAvail, 126 
MemAvail, 121 
Odd, 141 
Ofs, 204, 237 
Ord, 142,207,239, 270 
Pred, 141 
Ptr, 207, 239, 270 
Random, 143 
Random(Num), 143 
Round, 142 
Seg, 204, 237 
Sin, 140 
SizeOf,144 
Sqr, 141 
Sqrt, 141 
Sseg,205,238 
Succ,141 
Swap, 144 
Trunc,142 

UpCase,144 
WhereX,162 
WhereY,162 

Standard identifier, 38, 
193,230,263 

Standard procedure, 133 
Append, 200 
Bdos,271 
Bios, 272 
Cha~, 193,231,263 
ClrEol,133 
ClrScr, 133 
CrtExit, 134 
Crtlnit, 133 
Delay, 134 
DelLine, 134 
Dispose, 124 
Draw, 163, 171 
Execute, 193, 231, 263 
Exit, 135 
FiIIChar, 136 
Flush, 199, 200 
Flush (CP/M-86), 235, 267 
FreeMem, 125 
GotoXY,134 
GraphBackground, 166 
GraphColorMode, 163 
GraphMode, 164 
GraphWindow, 169 
Halt, 135 
HiRes, 164 
HiResColor, 164 
InsLine, 134 
Intr, 214, 245 
LowVideo, 135 
Move, 136 
New, 120 
NormVideo, 135 
NoSound,185 
OvrDrive, 233, 265 
OvrPath, 196 
Palette, 165 
Plot, 163, 171 
Randomize, 135 
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Standard procedure (continued) 
Read, 108 
Seek,115 
Seek (CP/M-86), 235, 267 
Sound, 185 
TextBackground, 162 
TextColor, 161 
TextMode, 160 
Truncate, 199 
Window, 168 

Standard scalar type, 41 
Start address, 261 
Starting TURBO Pascal, 10 
Statement part, 50, 55 
Statement separator, 55 
Static variable, 119 
Status line, 19 
Str, 70 
String assignment, 68 
String concatenation, 68 
String expression, 67 
String field, 297 
String function, 71,305 
String indexing, 73 
String manipulation, 67 
String procedure, 69,305 
String type definition, 67 
Strings, 44, 217, 223, 

248,254,279,284 
Structured statement, 57 
Structured typed constant, 

90 
Subprogram, 127 
Subrange, 59 
Subrange type, 64 
Succ, 141 
Successor, 141 
Swap, 144 

T 
Tab, 30 
Tabulator, 35 
Tag field, 82 

SUBJECT INDEX 

SUBJECT INDEX 

Terminal installation, 12, 
345 

Text file, 101, 200,221, 
235,252,267,283 

Text input and output, 108 
Text mode, 160 
Text window, 168 
TextBackground, 162 
TextColor, 161 
To beginning of block, 26 
To bottom of screen, 26 
To end of block, 26 
To end of file, 26 
To last position, 26 
To left on line, 25 
To right on line, 25 
To top of file, 26 
To top of screen, 26 
TPA,261 
Trailing blanks, 25, 34 
Transfer function, 142, 304 
Translation of error messages, 

329 
Tree-structured directories, 

187 
TRM:, 104 
True, 42 
Trunc, 142 
Truncate procedure, 199 
Truncation, 142 
TurnLeft, 181 
Turn Right, 181 
Turtle window, 177 
Turtlegraphics, 177, 309 
Turtlegraphics functions 

Heading, 179 
TurtleThere, 183 
Xcor, 184 
Ycor, 184 
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Turtlegraphics procedures 
Back, 178 
ClearScreen, 179 
Forward, 179 
HideTurtle, 179 
Home, 179 
NoWrap, 180 
PenDown, 180 
SetHeading, 180 
Set Pen Color, 181 
SetPosition, 181 
ShowTurtle, 181 
TurnLeft, 181 
TurnRight, 181 
TurtleWindow, 182 
Wrap, 184 

TurtleThere, 183 
TurtleWindow, 182 
Type checking, 129 
Type conversion, 65 
Type definition part, 49 
Typed constant, 89 

U 
U-compiler directive, 315 
Unary minus, 51 
Union, 85 

Discriminating, 83 
Free, 83 

Unstructured typed constant, 
89 

Untyped files, 114 
Untyped variable parameter, 

130 
UpCase, 144 
Upper case, 43 
Upper left corner, 134, 163 
User written I/O driver, 

209,241,272 
USR:, 104 

V 
V-compiler directive, 315 
Val,70 

376 

Value parameter, 127,223, 
253,283 

Var-parameter, 319 
Variable declaration part, 49 
Variable parameter, 128, 

129,130,223,253,283 
Variables, 49, 119 

Absolute, 203, 236, 267 
Variant records, 82 

W 
W-compiler directive 
W-command, 15 
WhereX, 162 
WhereY, 162 
While statement, 61 
Windows, 168 
With statement, 81, 206, 239, 

269 
Word left, 24 
Word right, 24 
WordStar compatibility, 13, 

350 
Work file selection, 15 
Wrap, 184 
Write, 95 
Write block to disk, 30 
Write parameters, 112 
Write procedure, 111, 139 
WriteLn procedure, 101, 113, 

139 
Writing 8087 reals, 302 
Writing BCD reals, 297 

x 
X - Array optimization, 318 
X-command,259 
X-coordinate, 163 
Xcor, 184 

v 
Y -coordinate, 163 
Ycor, 184 
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Sllerler 
SUPERKEY TURNS 1,000 KEYSTROKES INTO 1 

AND KEEPS YOUR 'CONFIDENTIAL FILES' ... CONFIDENTIAL. 
Borland International, the folks who brought you SIDEKICK™, now offer you a keyboard enhancer that 
can truly make your life easier and your files safer. 

When you've got a lot to do, SUPERKEy™ lets you dramatically cut the number of times you touch 
the keyboard. Even your most sophisticated programs becomes one-stroke easy. 

SUPERKEY also performs as a high-level security encryptorldecryptor to protect your sensitive files. 

Just look at what SUPERKEY'S got! 

• HIGH-LEVEL RESIDENT ENCRYPTION: SUPERKEY includes a two-mode encryption system that 
uses your secret password to encrypt and decrypt files -even while running other programs. 

Mode 1: DIRECT-OVERWRITE ENCRYPTION: Just give SUPERKEY your password and the files of 
your choice will be encrypted or decrypted - without changing file size or creating backup 
files for even greater document security. You can even encrypt public bulletin board messages. 
No more curious reading of your files unless you provide the secret password. 

Mode 2: EXE OR COM FILE ENCRYPTION: Using your personal code, SUPERKEY can encrypt your 
files for transmission (over a phone line, for instance). On the other end, only your secret 
code can reconstruct the file. 

• PRIVACY MODE: SUPERKEY lets you turn off your screen and lock your keyboard against intruders. 
• SCREEN BURN-IN PROTECTION: SUPERKEY will switch your monitor off if there's no input or screen 

1/0. As soon as a key is touched, the screen image returns. 
• RAM RESIDENCE AT ALL TIMES: Create, edit, save and even recall new or existing macro files 

anytime, even while running another program. 
• PULL-DOWN MACRO EDITING: A single keystroke opens a full-screen WordStar™-command edit 

window. You can perform most word processing functions including file naming. SUPERKEY even 
has our 'clip & tape' function for moving blocks of data from the screen for later retrieval. 

• COMMAND KEY REDEFINITION: With a few easy strokes, you can redefine key commands 'on the fly'. 
• ENTRY AND FORMAT CONTROL IN DATA FIELDS: SUPERKEY tests for digits or letters, converts 

lower case to upper case and visa-versa, and justifies files right, left, or center. 
• TOTAL PRO KEY COMPATIBILITY: SUPERKEY uses every ProKey ™ macro file without any con­

version! No time is wasted and you're that far ahead. 
• DISPLAY·ONLY MACRO WINDOW: Create your own customized on-line help system for other users. 

An ideal feature to set-up interactive tutorials on your computer. 
• CONTEXT-SENSITIVE ON-LINE HELP SYSTEM: You can request just the help you want-no more 

wading through the whole operating manual. 

SUPER KEY is now available for an unbelievable $69.95 (not copy-protected). 
Minimum System Configuration: SUPERKEY is compatible with your IBM PC. XT. AT. jr. and 100% compatible microcomputers. Your 
computer must have at least 128K RAM. one disk drive and PC· DOS 1.0 or greater . 

• » BORLAnD .» INTERNATIONAL 

Available at BeHer Dealers Nationwide. 

4585 Scotts Valley Drive 
Scotts Valley, CA 95066 

SideKick and SuperKey are trademarks of Borland International. Inc 
IBM and PC· DOS are trademarks of International BUSiness Machines Corp 
Pro Key IS a trademark of RoseSoft 
WordStar IS a trademark of Mlcropro International Corp 

Telephone: (408) 438-8400 
Telex: 172373 
Telecopier: (408) 438·8696 
For Credit Card Order Call: 
(800) 255-8008, 
(800) 742-1133 (in CA.) 
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INFOWORLD'S SOFTWARE PRODUCT OF THE YEAR 
Just listen to what Dan Robinson has to say! 

''SIDEKICK™ stands in the shadows behind whatever program you are using, ready to 
jump forward when you need it. The program's various functions use windows that overlay 
the display you are working with and restore the screen when you are through. The pro­
gram contains a respectable word processor for note taking, a dialer that your smart modem 
can use with your phone list, a calculator for hexidecimal/binary/decimal arithmetic, an ap­
pointment calendar and a ASCII table for programmers ... SIDEKICK IS A TIME-SAVING, 
WORK-SAVING, FRUSTRATION-SAVING BARGAIN·"_Dan Robinson of INFOWORLD 

Here's SIDEKICK running over Lotus l,2,3TU. In the SIDEKICK 
Notepad you'll notice data that's been imported directly from the 
Lotus screen. In the upper right you can see the Calculator. 

THE CRITIC'S CHOICE 

All the SIDEKICK windows stacked up over Lotus 1,2,3. From bot­
tom to top: SIDEKICK's "Menu Window': ASCII table, Notepad, 
Calculator, Appointment Scheduler and Calendar, and Phone 
Dialer. Whether you're running WordStarTU, Lotusll.l, dBasell.l, or 
any other program, SIDEKICK puts all these desktop accessories 
instantly at your fingertips. 

- Charles Petzold, PC MAGAZINE: "In a simple, beautiful implementation of Word­
Star's TM block copy commands, SIDEKICK can transport all or any part of the display 
screen (even an area overlaid by the notepad display) to the notepad." 

- Garry Ray, PC WEEK: "SIDEKICK deserves a place in every PC." 

- Jerry Pournelle, BYTE: "If you use a PC, get SIDEKICK. You'll soon become depen-
dent on it." 

SIDEKICK is an unparalleled bargain at only $54.95 (copy-protected)* 
$84.95 (not copy-protected)· 

'Minimum System Configuration: SIDEKICK is available now for your IBM pc, )IT, AT, jr. and 100% compatible microcomputers. The 
IBM PCjr. will only accept the SIDEKICK not copy-protected version. Your computer must have at least 128K RAM, one disk drive and 
PC-DOS 1.0 or greater. 

SIdeKIck IS a trademark 01 Borland International. Inc dBase IS a trademark 01 A!ihtoo-Tale. 'BM and PC-DOS are trademarkS of lnlernailOnai BUSIness 
Machines Corp. InkMortd IS a traoemark 01 Popufar Compo"",;I. Inc .. a subslOlary 01 CW Cor,munocatoons. fnc lotus and 1.2.3. are trademarkS of Lotus 
DeIIelopment CorJ:. WordStar IS a trademark 01 Mocropro Internal.anal Corp 

• BORlAnD 
• INTERNATIONAL 

Available at Better Dealers Nationwide. 

4585 Scotts Valley Drive 
Scotts Valley, CA 95066 

Telephone: (408) 438-8400 
Telex: 172373 
Telecopier: (408) 438-8696 
For Credit Card Order Call: 
(800) 255-8008, 
(800) 742-1133 (in CA.) 
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TURBO PASCAL 3.0: 
BUSTS THE COMPILER SPEED BARRIER! 

Borland International, the creators of SIDEKICK™ and SUPERKEyTM, now launch TURBO PASCAL™ 3.0-The world's fastest compiler! 

Look at the Power: Compilation Speed:(") 
(And twice as fast as TURBO 2.0!) 

Execution Speed:(*) 
(Resulting programs run faster. A real plus for TURBO PASCAL 
programs over other compiled programs.) 

Code Size: 
(The same size as TURBO 2.0. How'd we do it?) 

Compiler Size: 
(It hasn't changed from TURBO 2.0.) 

MS Pascal 

206 sec 

20 sec 

35K 

300K+ 

TURBO 3,0 

A quick 
8 sec 

A speedy 
9 sec 

A small 
12K 

A mere 
35K 

n Benchmark run on an IBM PC using MS Pascal version 3.2 and the DOS linker version 2.6. The 179 line program used is the "Gauss­
Seidel" program out of Alan R. Miller's book, Pascal Programs for Scientists and Engineers (Sybex, page 128) with a 3-dimensional 
non-singular matrix and a relaxation coellicient of 1.0. 

TURBO PASCAL 2,0 had a lot of great features and they're still there in TURBO PASCAL 3.0: 
• BUILT-IN INTERACTIVE EDITOR: WordStar™-easy editing lets you debug quickly. 
• ONE-STEP COMPILE: No more 'hunting & fishing' expeditions. TURBO PASCAL does it all in one simple step. 
• MICROCALC: A full-blown spreadsheet on your disk ready-to-run with complete annotated source code. 
The best just gets better with a host of additional features: 
• We rewrote the 1/0 system and we now support 1/0 redirection. 
• For IBM PC versions we've added TURTLE GRAPHICS' and full tree directory support. 
• For all 16-bit versions, we now oller two options: 8087 math coprocessor support for intensive calculations and Binary Coded 

Decimals (BCD) for business applications. 

Debugging Is So Easy! When you run your program, TURBO 3,0 locates any error, takes you to it, and tells you what it 
Is, Your program Is up In record time. 

Specifications: 

Compile Speed Approximately150 lines per 
second (IBM PC) 

Number of 
passes: 1 
Compiled to: Native machine code (.COM files 

[.CMD for CP/M-86)) 

The Critics Unite: 

Code size: 

Max code size: 
Max data size: 
Max stack size: 
Max heap: 

Object code plus 9K for run time 
library(complete) 
64K 
64K 
64K 
Unlimited 

Jeff Duntemann, PC MAGAZINE: "Language deal of the century ... TURBO PASCAL. It introduces a new programming environment 
and runs like magic." 

Dave Garland, POPULAR COMPUTING: "Most Pascal compilers barely fit on a disk, but TURBO PASCAL packs an editor, compiler, 
linker, and run-time library into just 29K bytes of RAM." 

Jerry Pournelle, BYTE: "What I think the computer industry is headed for: well-documented, standard, plenty of good features, and 
a reasonable price." 

The unbelievable TURBO PASCAL 3.0 is available right away for $69.95 (not copy-protected)* . 
• Options: TURBO PASCAL with 8087 or BCD at a low $109.90. TURBO PASCAL with both options (8087 and BCD) priced at $124.95. 

Minimum System Configuration: TURBO PASCAL 3.0 is available today for your 2-80, 8088/86, 80186 or 80286 microprocessor com­
puter running either CP/M-80 2.2 or greater, CP/M-86 1.1 or greater, MS-DOS 1.0 or greater or PC-DOS 1.0 or greater. Your computer 
must have at least 64K RAM and one disk drive. A XENIX version of TURBO PASCAL will soon be announced, and before the end 
of 1985, TURBO PASCAL will be running on most 68000-based microcomputers. 

Integrated full screen editor With WordStar-like functtons. Supports BIOS/BOOS calls for CP/M-80 and 86. Supports Interrupt and MS-DOS function calls for MS­
DOS. PC-DOS. Inline machine code. External subroutines (in relocatable binary format). Direct access to CPU and data ports. .» BORlAnD .» INTERNATIONAL 

Available at Better Dealers Nationwide_ 

4585 Scotts Valley Drive 
Scotts Valley, CA 95066 

Telephone: (408) 438-8400 
Telex: 172373 
Telecopier: (408) 438-8696 
For Credit Card Order Call: 
(800) 255-8008, 
(800) 742-1133 (in CA.) 

TurboPascal, SideKick and SuperKey are trademarks of Borland International, Inc. CP/M is a trademark of Digital Research, Inc. IBM and PC-DOS are trademarks 
of International Business Machines Corp. MS-DOS and XENIX are trademarks of Microsoft Corp. WordStar is a trademark of Micropro International Corp. Z-80 
is a trademark of Zilog, Inc. 
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TURBO TUTOR 

Learn Pascal from the folks who invented TURBO PASCAL™ and TURBO TOOLBOX™. 
Borland International proudly introduces TURBO TUTOR™. The perfect complement to 
your TURBO PASCAL compiler. 

TURBO TUTOR is really for everyone-even if you've never programmed before. 

·If you're already proficient, TURBO TUTOR can sharpen up the fine points. 

The 300 page manual and program disk divides your study of Pascal into three learning 
modules: 

For the Novice: Gives you a concise history of Pascal, tells you how to write a simple pro­
gram, and defines the basic programming terms you need to know. 

Programmer's Guide: The heart of TURBO PASCAL. This section covers the fine points 
of every aspect of TURBO PASCAL programming: program structure, data types, control 
structures, procedures and functions, scalar types, arrays, strings, pointers, sets, files and 
records. 

Advanced Concepts: If you're an expert, you'll love the sections detailing subjects such 
as "how to use assembly language routines with your TURBO PASCAL programs." 

A MUST. You'll find the source code for all the examples in the book on the accompanying 
disk ready to compile. 

TURBO TUTOR may be the only reference on Pascal and programming you'll ever need! 

TURBO TUTOR is a real education for only $34.95. (not copy-protected).· 

"Minimum System Configuration: TURBO TUlOR is available today for your computer running TURBO PASCAL for PC-DOS, MS-DOS. 
CP/M-80, and CP/M-86. Your computer must have at least 128K RAM. one disk drive and PC-DOS 1.0 or great3r, MS-DOS 1.0 or greater. 
CP/M-80 2.2 or greater. or CP/M·86 1.1 or greater . 

• > BORlAnD 
.) INTERNATIONAL 

Available at BeHer Dealers Nationwide. 

4585 Scotts Valley Drive 
Scotts Valley, CA 95066 

Telephone: (408) 438-8400 
Telex: 172373 
Telecopier: (408) 438-8696 
For Credit Card Order Call: 
(800) 255-8008, 
(800) 742-1133 (in CA.) 

Turbo Pascal. Turbo Tutor and Turbo Toolbox are trademarks 01 Borland International. Inc. CP/M is a trademark 01 Digital Research. Inc. MS·DOS is a trademark 
01 Microsoft Corp. PC·DOS is a trademark 01 International BUSiness Machines Corp. 
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TURBO TOOLBOX 

"A PASCAL PROGRAMMER'S BEST FRIEND" 
Borland International now offers TURBO TOOLBOXT~', a three-module TURBO package that gives 
even a novice programmer the expert's edge. The perfect complement to TURBO PASCAlH 

.. , the in­
dustry standard in Pascal compilers. Fully commented source code to the first two modules is includ­
ed on diskette. 

Take a Close Look: 

TURBO-ISAM Files Using B+ Trees 
A powerful implementation of the state-of-the-art B+ tree ISAM technique. The TURBO-ISAM 
system makes it possible to access records in a file using keys (e.g., "Smith" or "Rear Bumper") 
instead of just a number. Even though you have direct access to individual records in the file, 
you also have easy access to the records in a sorted sequence. A must if you plan to work with 
direct access files. Source code is included in the manual. 

QUICKSORT On Disk 
The fastest way to sort your data. A super efficient implementation of the quickest data sorting 
algorithm preferred by knowledgeable professionals. Available for you now with commented source 
code. 

GINST (General Installation Program) 
Now, your programs are easily installed on other terminals. Saves hours of work and research, 
and adds tremendous value to everything you write. 

Free Sample Database: 
Your TURBO TOOLBOX now comes with source code for a working database ... right on the disk. 
Just compile it, and it's ready to go to work for you. It's a great example of how to use TURBO 
ISAM, and at the same time, it's a working piece of software you can use right away. The database 
searches by name or code, updates records as needed. Since you're supplied with commented 
source code, you can tailor it to your own specific needs. 

Specifications: 
Random Record Access with ISAM files using B+ trees. Turbo Access Speed: 1.5 seconds (Average seek time with 1.000 records-86 
bytes/rec). Quicksort speed: 43 seconds (1.000 records. 86 bytes/rec .. 256K RAM). 

Jeff Duntemann, PC Tech Journal:" Turbo Pascal is the most nearly bug-free compiler I have ever 
used, and the Turbo Toolbox comes close in quality. " 

Jerry Pournelle, BYTE: "The tools include a B+ tree search and a sorting system; I've seen stuff 
like this, but not as well thought out, sell for hundreds of dollars." 

TURBO TOOLBOX is only S54.95 (not copy-protected)." 

-Minimum System Configuration: TURBO TOOLBOX is available today for your computer running TURBO PASCAL 2.0 or greater for 
PC·DOS. MS·DOS. and CP/M·80 or Turbo Pascal 2.1 or greater for CP/M·86. Your computer must have at least 128K RAM. one disk 
drive and PC·DOS 1.0 or greater. MS·DOS 1.0 or greater. CP/M·80 2.2 or greater. or CP/M·86 1.1 or greater . 

• » BORLAnD .» INTERNATIONAL 

Available at BeUer Dealers Nationwide. 

4585 Scotts Valley Drive 
Scotts Valley, CA 95066 

TurbO Pascal and Turoo ToolbOX are trademarl(S of BO'land I"te'rtatlonal. I"c 
CP/M '5 a trademarK of D'9,tal Research. Inc 
MS· DOS '5 a trademarK of M,erosoft Corp 
pc· DOS '5 a trademarK of Internat,onal Bus ness Mach nes Co'p 

Telephone: (408) 438-8400 
Telex: 172373 
Telecopier: (408) 438-8696 
For Credit Card Order Call: 
(800) 255-8008, 
(800) 742-1133 (in CA.) 
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TURBO GRAPHIX TOOLBOX 
HIGH RESOWTION MONOCHROME GRAPHICS 

FOR THE IBM PC AND THE ZENITH 100 COMPUTERS 

Dazzling graphics and painless windows. The Turbo Graphix Toolbox™ will give even a 
beginning programmer the expert's edge. U's a complete library of Pascal procedures that 
include: 

• Full graphics window management. 

• Tools that allow you to draw and hatch pie charts, bar charts, circles, rectangles and a 
full range of geometric shapes. 

• Procedures that save and restore graphic images to and from disk. 

• Functions that allow you to precisely plot curves. 

• Tools that allow you to create animation or solve those difficult curve fitting problems. 

• and much, much more .... 

No sweat and no royalties. You can incorporate part, or all of these tools in your programs, 
and yet, we won't charge you any royalties. Best of all, these functions and procedures come 
complete with commented source code on disk ready to compile! 

John Markoff & Paul Freiberger, syndicated columnists: "While most people only talk 
about low-cost personal computer software, Borland has been dOing something about it. 
And Borland provides good technical support as part of the price." 

The versatile TURBO GRAPHIX TOOLBOX is priced at only $54.95 (not copy-protected).* 
"Minimum System Configuration: Turbo Graphix Toolbox is available today for your computer running Turbo Pascal1D for pc-oos, 
MS-DOS, and CP/M-86. Your computer must have at least 128K RAM, one disk drive and PC-OOS 1D or greater, MS-DOS 1D or greater, 
or CP/M-M 1.1 or greater. 

-BORlAnD 
_ INTERNATIONAL 

Available at Better Dealers Nationwide. 

4585 Scotts Valley Drive 
Scotts Valley, CA 95066 

Turbo Pascal and Turbo Graphix 1OoIbox are trademarks 01 Borland tnternational. Inc. 
CF'tM .s a trademark 01 Digital ReseaJCh. Inc. 
IBU and PC-OOS are trademarks 01 lnternationaJ Business Machines Corp. 
US-DOS is a trademark 01 Uicrosoft Corp. 
Zenith .s a trademark 01 Zenilh Radio Corp. 

Telephone: (408) 438-8400 
Telex: 172373 
Telecopier: (408) 438-8696 
For Credit Card Order Call: 
(800) 255-8008, 
(800) 742-1133 (in CA.) 
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TURBO TOOLBOX™ 
POWERTOOLS FOR TURBO PASCAL 

o 
We've crafted some special tools to help you create the best Pascal 
programs in the least amount of time. Designed to compliment the power 
and speed of Turbo Pascal , these are functioning modules created to 
$;;lVe you from the "rewriting the wheel" syndrome. 

TURBO·ISAM Files Using B+ Trees 
The TURBO-ISAM system makes it possible to access records in a file 
using keys (e.g. "Smith" or "Rear Bumper") instead of just a number. Even 
though you have direct access to individual records in the file you also 
have easy access to the records in a sorted sequence. A must if you plan 
to work with direct access files. Source code included in the manual. 

Quicksort on Disk 
The fastest way to sort your arrays. Preferred by knowledgeable profes­
sionals. Available for you now with commented source code. 

GINST (General Installation Program) 
Now ... the programs you write with Turbo Pascal can have a terminal 
installation module just like Turbo's! Saves hours of work and research, 
and adds tremendous value to everything you write. 

To Order 
TURBO TOOLBOX TM 

Mail check, money order, VISA or 
MASTERCARD number and 
expiration date to: .» BORLAnD 
• INTERNATIONAL 
Borland International 
4585 Scotts Va l:ey Drive 
Scotts Valley, California 95066 

$54.95 California residents : add 6% sales 
tax . Outside USA: add $10 and make pay­
ment by international postal money order 
CO D's and Purchase Orders WILL NOT be 
accepted by Borland . 

Telephone: 
Telex: 
Telecopier: 

(408 ) 438-8400 
172373 
(408 ) 438-8696 


