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DEBUG: N 

Finally, to execute the program CLEAN.COM,type
-G <Enter>

Theresult is the same as if the CLEAN.COM program had been run from the MS-DOS
commandlevel with the entry

CoCLEAN MYFILE.DAT <Enter>

except that the program is executing under the control of DEBUG and within DEBUG’s
memory buffer.
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DEBUG: O

Output to Port

Purpose

Writes 1 byte to an input/output (I/O)port.

Syntax

O portbyte

where:

port is an I/O port address from 0 through FFFFH.
byte is a value from 0 through OFFHto be written to the I/O port.

Description
The Output to Port (O) commandwrites 1 byte of data to the specified I/O port address.
The data value mustbe in the range 00H through OFFH.

Warning: The O commandshould be used with caution becauseit directly accesses the
computer hardware and no error checking is performed. Attempts to write to some port
addresses, such as those for ports connected to peripheral device controllers, timers, or the
system’s interrupt controller, may cause the system to crash or damage data stored on disk.

Example

To write the value C8H to I/O port 10AH, type
-0O 10A C8 <Enter>
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DEBUG: P

Proceed Through Loopor Subroutine

Purpose

Executesa loop, repeated string instruction, software interrupt, or subroutine call
to completion.

Syntax

P (=address] [number]

where:

address isthe location of thefirst instruction to be executed.

number—isthe numberofinstructions to execute.

Description

The Proceed Through Loop or Subroutine (P) commandtransfers control from DEBUG
to the target program. The program executes withoutinterruption until the loop, repeated
string instruction, software interrupt, or subroutine call at address is completed or until
the specified number of machine instructions have been executed. Control then returns
to DEBUG,andthe contents ofthe target program’s registers and the status ofthe flags are
displayed.

If the address parameter does not include an explicit segment, DEBUG usesthe target pro-
gram’s CSregister, if address is omitted entirely, execution begins at the address specified
bythe target’s CS:IP registers. The address parameter must be preceded by an equal sign
(=) to distinguishit from number.

If the instruction at address is not a loop, repeated string instruction, software interrupt,
or subroutinecall, the P command functionsjustlike the Trace Program Execution (T)
command. The optional number parameter specifies the numberof instructions to be
executed before control returns to DEBUG.If number is omitted, DEBUG executes only
one instruction. After each instruction is executed, DEBUG displays the contents of the
target program’s registers, the status of the flags, and the next instruction to be executed.

_ Warning: The P commandcannotbe used to trace through ROM.

Example

Assumethat the target program’s location CS:143FH contains a CALL instruction. To
execute the subroutine thatis the destination of CALL and then return control to

DEBUG,type

-P =143F <Enter>
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DEBUG: Q
Quit

Purpose

Ends a DEBUGsession.

Syntax

Q

Description

The Quit (Q) command terminates the DEBUG program andreturns control to MS-DOS or
the commandshell that invoked DEBUG.Any changes to a program or otherfile that were
not saved on disk with the Write File or Sectors (W) command arelost.

Example

To exit DEBUG,type

-Q <Enter>
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DEBUG: R.

Display or Modify Registers

Purpose

Displays the contents of oneorall registers and the status of the CPU flags and allows
them to be modified.

Syntax

R [register]

where:

register is the two-character nameofan Intel 8086/8088 register from the following
list:

AX BX CX DX SP BP SI DI
DS ES SS CS IP PC

or the character F, which specifies the CPU flags.

Description

The Display or Modify Registers (R) commanddisplays the target program’s register con-
tents and the status of the CPU flags and allows them to be modified.

If Ris entered without a register parameter, the contents ofall registers and the status of
the CPU flags are displayed, followed by a disassembly of the machineinstruction cur-
rently pointed to by the target program’s CS.:IP registers.

If register is included in the R commandline, the contents of the specified register are dis-
played; then DEBUG prompts with a colon character(:) for a new value. The value is en-
tered by typing oneto four hexadecimaldigits and then pressing the Enter key. Pressing
the Enter key without entering any values leaves the register contents unchanged.

Note: Theregister name PCis not fully supported in some versions of DEBUG,so the
register name IP should be usedinstead.

Specifying the character F instead of a register name causes DEBUGto displaythe status of
the program’s CPU flags as two-character codes from the followinglist:

Flag Name Value If Set (1) Value IfClear (0)

Overflow OV (Overflow) NV (No Overflow)

Direction DN (Down) UP (Up)
Interrupt EI (Enabled) DI (Disabled)

(more)
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Flag Name Value If Set (1) ValueIfClear (0)

Sign NG (Minus) - PL (Plus)
Zero ZR (Zero) NZ (Not Zero)

Aux Carry AC (Aux Carry) NA (No Aux Carry)
Parity PE (Even) PO (Odd)
Carry CY (Carry) NC (No Carry)

After displaying the flag values, DEBUG displays a hyphen(-) prompt on the sameline.
Any orall flags can then be altered by typing one or more codes (in any order and op-
tionally separated by spaces) from the list above and pressing the Enter key. Pressing the
Enter key without entering any codes leaves thestatus of the flags unchanged.

Examples

To display the contents of the target program's CPU registers and the status of the CPU
flags, followed by the disassembled mnemonic for the next instruction to be executed
(pointed to by CS:IP), type
-R <Enter>

This producesa display in the following format:

AX=0000 BX=0000 CX=00A1 DX=0000 SP=FFFE BP=0000 SI=0000 DI=0000
DS=19A5 ES=19A5 SS=19A5 CS=19A5 IP=0100 NV UP EI PL NZ NA PO NC

19A5:0100 BF8000 ' MOV DI,0080

To display the value of the target program’s BX register, type
-R BX <Enter>

If BX contains 0200H,for example, DEBUGdisplays that value and then issues a prompt in
the form ofa colon:

BX 0200

The contents of BX can then be altered by typing a new value and pressing the Enter key
or left unchanged by pressing the Enter key alone.

To set the direction and carry flags,first type

-RF <Enter> :

DEBUGdisplays the flag values, followed by a hyphen ©) prompt:
NV UP EI PL NZ NA PO NC - 
The direction and carry flags can then beset by entering
~DN CY <Enter>
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Messages
 

bfError

Bad flag: An invalid code for a CPU flag was entered.

br Error

. Bad register: An invalid register name was entered.

dfError

Double flag: Two values for the same CPU flag were entered in the same command.
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DEBUG: S

Search Memory

Purpose

Searches memory for a pattern of 1 or more bytes.

Syntax

S range list

where:

range specifies the starting and ending addressesor the starting address and length
of the area to be searched.

list is 1 or more consecutive byte values and/or a string to be searchedfor.

Description

The Search Memory (S) commandsearchesa designated range of memoryfor a specified
list of consecutive byte values and/or a text string. The starting address of eachset of
matching bytesis displayed. The contents of the searched area are not altered.

The range parameter specifies the starting and ending addressesor the starting address
and length in bytes of the area to be searched.If a segmentis not included in range,
DEBUGusesDS.If a segment is specified for the starting address, DEBUG usesthe same
segmentfor the ending address.If a starting address and length in bytes is specified, the
starting address plus the length minus 1 cannot exceed FFFFH.

The list parameter specifiesone or more consecutive hexadecimal byte values and/or a
string to be searchedfor, separated by spaces, commas,or tab characters. Strings must be
enclosed within single or double quotation marks, and case is significant withinastring.

Examples

To searchfor the string Copyright in the area of memory from DS:0000H through
DS:1FFFH, type

-S 0 1FFF 'Copyright' <Enter>

or

-S 0 L2000 "Copyright" <Enter>

If matches are found, DEBUGdisplaysthe starting address of each:
20A8:0910
20A8 :094F
20A8:097C
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To searchfor the byte sequence 3BH 06H in the area of memory from CS:0100H through
CS:12A0H,type

-S CS:100 12A0 3B 06 <Enter>

or

-S CS:100 L11A1 3B 06 <Enter>
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DEBUG: T

Trace Program Execution

Purpose

Executes one or moreinstructions, displaying the CPU status after each instruction.

Syntax

T [=address| |number]

where:

address_isthe location ofthefirst instruction to be executed.

number isthe numberofmachineinstructions to be executed.

Description

The Trace Program Execution (T) command executes one or more instructions, starting at
the specified address, and after each instruction displays the contents of the CPU registers,
the status of the flags, and the instruction pointed to by CS:IP.

Warning: The T commandshould not be used to execute any instructions that change
the contentsof the Intel 8259 interrupt mask (ports 20H and 21H on the IBM PC and com-
patibles) or to trace calls made to MS-DOS through Interrupt 21H. The Go (G) command
should be used instead.

The address parameterpointsto the first instruction to be executed. If address does not
include a segment, DEBUGusesthe target program’s CSregister; if address is omitted en-
tirely, execution beginsat the address specified by the target program’s CS-:IPregisters.If
address is included, it must be preceded by an equal sign @)to distinguish it from
number.

The number parameter specifies the hexadecimal numberof instructions to be executed
before theDEBUG promptis redisplayed (default = D, Pressing Ctrl-C or Ctrl-Break inter-
rupts execution of a sequence of T instructions. Consecutive instructions can then be exe-
cuted individually by entering T commands with no parameters. Pressing Ctrl-S suspends
execution and pressing any key then resumesthetrace.

Note: The T command can be usedto trace through ROM.

Example

To execute one instruction at location CS:1A00H and then return control to DEBUG,dis-
playing the contents of the CPU registers and thestatusof the flags, type
-T =1A00. <Enter>
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DEBUG: U
Disassemble (Unassemble) Program

Purpose

Disassembles machine instructions into assembly-language mnemonics.

‘Syntax

U [range]

where:

range specifies the starting and ending addressesor the starting address and length
of the machine codeto be disassembled.

Description .

The Disassemble (Unassemble) Program (U) commandtranslates machine instructions
into assembly-language mnemonics.

The range parameterspecifies the starting and ending addressesorstarting address and
length in bytes of the machine instructions to be disassembled. If range does not specify a
segment, DEBUGusesCS. Note thatif the starting address does notfall on an 8086 instruc-
tion boundary,the disassembly will be incorrect.

If range does not include a length or ending address, 32 (20H) bytes of memoryare dis-
assembled beginning at the specified starting address. If range is omitted, 32 bytes of
memory are disassembled, starting at the address followingthelast instruction dis-
assembled by the previous U command.If a U commandhasnot been used before
and range is omitted, disassembly begins at the address specified by the target
program’s CS:IP registers.

Note: The actual numberofbytes displayed mayvaryslightly from the amount specified
in range or from the default of 32 bytes because the length of instructions may vary. Also,
the U commanddoesnot understand instructions specific to the 80186, 80286, and 80386
microprocessors. It displays such instructions as DBs.

Successive 32-byte fragments of code can be disassembled by entering additional U com-
mands without parameters.

Example

To disassemble 8 bytes of machine instructions starting at CS:0100H,type

-U 100 107 <Enter> |

or

~U 100 L8 <Enter>
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DEBUG: W

Write File or Sectors

Purpose

Writes a file or individual sectorsto disk.

. Syntax
W [address]

or

W address drive start number

where:

address isthe first memorylocation of the data to be written.
drive is the numberof the destination disk drive (0 = drive A, 1 = drive B, 2 = drive

C, and so on).
start is the numberofthe first logical sector to write (0Q-FFFFH).

number isthe number of consecutive sectors to be written (O—FFFFH).

Description

The Write File or Sectors (W) commandtransfers a file or individual sectors from memory
to the disk.

When the W commandis entered without parameters or with only an address, the number
of bytes specified by the contents of registers BX:CX is written from memoryinto thefile
namedin the most recently used NameFile or Command-Tail Parameters (N) commandor
thefirst file specified in the DEBUG commandlineif the N commandhasnot been used.
Files with a .EXE or HEX extension cannot be written with the DEBUG W command.

Note: If a Trace Program Execution (T), Go (G), or Proceed Through Loop or Subroutine
(P) commandhas beenusedor the contents of the BX or CX registers have been changed,
the contents of BX:CX must be restored before the W commandis used.

When address is not included in the commandline, the target program’s CS:0100His
assumed.

The W commandcanalso be used to bypass the MS-DOSfile system and directly access.
logical sectors on the disk. The memory address (address), disk drive number(drive),
starting logical sector number(start), and numberofsectors to be written (number) must
all be provided in the commandline in hexadecimal format. The W command should not
be used to write sectors on network drives.

Warning: Extreme caution must be used with the W command. Thedisk’s file structure
can easily be damagedif the wrong parameters are entered.

1052 The MS-DOS Encyclopedia

 
OLYMPUSEX. 1010 - 1062/1582



OLYMPUS EX. 1010 - 1063/1582

DEBUG: W 

Example
Assumethat the interactive Assemble Machine Instructions (A) command was usedto

create a program in DEBUG’s memorybuffer that is 32 (20H) bytes long, beginning at
offset 0100H. This program can be written to the file QUICK.COMby using the DEBUG
NameFile or Command-Tail Parameters (N), Display or Modify Registers (R), and Write
File or Sectors (W) commandssequentially. First, use the N commandtospecify the name
ofthefile to be written:

-N QUICK.COM <Enter>

Next, use the R commandto set registers BX and CX to the length to be written. Register
BX contains the upper, or mostsignificant half, of the length, whereas register CX contains
the lower, orleast significant half. Type
-K CX <Enter>

DEBUGdisplays the contents of register CX and prompts with a colon (:). Enter the
length after the prompt:

120 <Enter>

To use the R command againto set register BX to zero, type
-R BX <Enter>

followed by

:0 <Enter>

Finally, to create the disk file QUICK.COMand write the program intoit, type
-W <Enter> ,

DEBUGresponds:

Writing 0020 bytes

Messages

EXE and HEXfiles cannot be written
Files with a .EXE or HEX extension cannot be written to disk with the W command.

Writing nnnn bytes .
After a successful write operation, DEBUG displays in hexadecimal format the numberof
bytes written to disk.
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SYMDEB

Symbolic Debugger

_ Purpose

The Symbolic Debugger (SYMDEB)allowsa file to be loaded, examined, altered, and writ-
ten back to disk.If the file contains a program, the program can be disassembled, modi-
fied, traced one instruction at a time, or executedat full speed with breakpoints. SYMDEB
can also be used to read, modify, and write absolute disk sectors.

The SYMDEButility is supplied with the Microsoft Macro Assembler (MASM)versions 4.0
and earlier. This documentation describes SYMDEBversion 4.0.

Syntax
SYMDEB

or

SYMDEB[options] (symfilelsymfile.. I filename|parameter...) ;

where:

symfile is the nameof a symbolfile created with the MAPSYM utility
(extension = .SYM).

filename is the nameof the binary or executable programfile to be debugged.
parameter is a command-line parameter required by the program being debugged.
options is one or more of the following switches. Switches can be either upper-

case or lowercase and can be preceded by a dash (-) instead of a forward
slash (/).

/I (IBM)specifies that the computer is IBM compatible.
/K enablesthe interactive breakpoint key (Scroll Lock).
/N enables the use of nonmaskable interrupt break sys-

tems on IBM-compatible computers (requires special
hardware).

: /S enables the Screen Swap (\) command on IBM-com-
patible computers (the /I switch is also required).

/“commands” specifies one or more SYMDEB commands, separated.
| by semicolonsand enclosed in quotation marks.
i

i Description |

The SYMDEB commandsand capabilities are a supersetof those in DEBUG. SYMDEBis
also able to load and interpret special symbolfiles that correlate line numbers, symbols,
and memory addresses. With the aid of such files, SYMDEB enablesthe userto specify
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addresses with labels, variable names, and expressions, rather than only with absolute

‘hexadecimal addresses. SYMDEB’s commandrepertoire also includes I/O redirection

commands, floating-point numberentry and display commands,and source-code display
capabilities that are not present in DEBUG.

The SYMDEB commandlinetypically includes the filename parameter, which is the
name of an executable program (with the extension .COM or .EXE) to be loadedinto
SYMDEB’s memory buffer. Files with the extension .EXEare loaded in a manner compat-
ible with the MS-DOSloader. Files with the extension .HEX are convertedto binary images
and loadedat the internally specified address. All other files are assumedto be direct
memory images and are read directly into memorystarting at offset 100H. If SYMDEBis
enteredbyitself, no file information is read into memory. An appropriate program seg-
ment prefix (PSP) is synthesized at the head of SYMDEB’s buffer for use by thetarget pro-
gram, the PSP includes a commandtail at offset 80H and default file control blocks (FCBs)
at offsets 5CH and 6CH,constructed from the optional parameters following filename.If
necessary, contentsof the file are relocated so that thefile is ready to execute.

The commandline can also contain the names of one or more symfiles, symbolfiles that
contain symbol and line-number information for the object modules that constitute the
program being debugged. A symbolfile is created with the MAPSYM utility from a map
file produced by the Microsoft Object Linker (LINK). A symbolfile always has the exten-
sion .SYM. See PROGRAMMING UTILITIES: MapsyM;LINK.

The four command-line switches/I, /K, /N, and /S provide SYMDEBwith information
about the computer on whichtheutility is running. The /I switch is used when the com-
puter is IBM compatible; this causes SYMDEBto take full advantage of special hardware
features such as the 8259 Programmable Interrupt Controller or the memory-mapped

' video display. The /K switch enables the interactive breakpoint key (Scroll Lock), which
can then be pressedat any time to interrupt a program that is being traced underthe con-
trol of SYMDEB.

Note: The /K switch is not necessary on an IBM PC/AT, because the Sys Req keyis always
active as an interactive break key.

The /N switch enables the use of the nonmaskable interrupt as a breakpoint signal on
IBM-compatible computers; this interrupt is triggered by hardware-assisted debugging
packages suchas Periscope and Atron Corporation’s Software Probe. The /S switch en-
ables the Screen Swap (\) command, whichallowsthe output from the program being
traced to be maintained and displayedon demandona virtual screen separate from the
SYMDEB commands and messages.

Note: The/I, /N, and /S switches are unnecessary on personal computers built by IBM
Corporation; SYMDEB automatically enables the capabilities provided by those switches
when SYMDEBfinds the IBM copyright notice in the machine’s ROM.

After SYMDEBand anyfiles named in the commandline are loaded, SYMDEBdisplaysits
special prompt character, a hyphen(-), and awaits a command. SYMDEB commandscon-
sist of one or twoletters, usually followed by one or more parameters. SYMDEBtreats
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uppercase and lowercase characters equivalently except when they are contained in
strings enclosed within single or double quotation marks. SYMDEB doesnot execute
commandsuntil the Enter key is pressed.

The SYMDEB commandsdiscussedin this section are

Command Action

A Assemble machineinstructions.

BC Clear breakpoints.
BD Disable breakpoints.
BE Enable breakpoints.
BL List breakpoints.
BP Set breakpoints.
Cc Compare memory areas.
D Display memory.
DA Display ASCII.
DB Display bytes.
DD Display doublewords.
DL Display long reals.
DS Display shortreals.
DT Display 10-byte reals.
DW Display words.
E Enter data.

EA Enter ASCII string.
EB Enter bytes.
ED Enter doublewords.

EL Enter longreals.
ES Enter shortreals.

ET Enter 10-bytereals.
EW Enter words.

F Fill memory.
G Go execute program.
H Perform hexadecimalarithmetic.

I Input from port.
K Perform stack trace.

L Loadfile or sectors.

M Move (copy) data.
N Namefile or command-tail parameters.
O Outputto port.
P Proceed through loop or subroutine. -
Q Quit debugger.
R Display or modify registers. .
S Search memory.

(more)
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Command=Action 

S+ _ Enable source display mode.
S- Disable source display mode.

Enable source and machine code display mode.
Trace program execution.
Disassemble (unassemble) program.
View source code.

Write file or sectors.

Examine symbol map.
Open symbol map.
Set symbolvalue.
Redirect SYMDEBinput.
Redirect SYMDEBoutput.
Redirect SYMDEBinput and output.
Redirect target program input.
Redirect target program output.
Redirect target program input and output.
Swapscreen.
Display sourceline.
Help or evaluate expression.

! Escapeto shell.
* Enter comment.

Mg<ang
oO

~~i~~ttVAN
ww

One or more SYMDEB commands, separated by semicolons and enclosed in double
quotation marks, can be includedin the original SYMDEB commandline in the form
/"commands" (for example, /"r;d;q"). These commands, which must precedethe filename
of the program being debugged,are carried out immediately when SYMDEBis loaded.
(This is a convenient way to invoke SYMDEBand execute a series of batch commands.)

The parameters for a SYMDEB command include symbols; line numbers; addresses;
ranges; and 8-bit, 16-bit, 32-bit, or floating-point values, expressions, andlists. Multiple
parameters can be separated by spaces, tabs, or commas.

A symbol is a namethat represents a register, an absolute value, a segment address, ora
segmentoffset. A symbol consists of one or more characters but always begins withalet-
ter, an underscore (_), a question mark(?), an at sign (@), or a dollar sign ($). The names
of the various 8086/8088/80286 registers and CPUflagsare built into SYMDEB and can be
used at any time. Other symbols can be used only when one or more symbolfiles have
been loaded in conjunction with the program to be debugged.

Note: SYMDEBregards symbols whosespellings differ only in case as the same symbol.
A unique symbol namethat does not conflict with programming instructions, register
names, or hexadecimal numbers should always be used.

In MASM programs, symbols must be declared PUBLIC in the source code in order to be
accessible during debugging (except for segment and group names, which are PUBLIC by
default). In programs compiled with the current versions of Microsoft C, FORTRAN,
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and Pascal, all symbols are passed through for debuggingif the proper compilation switch
is used; however, familiarity with the compiler’s particular naming conventions is neces-
sary (for example, the Microsoft C Compiler adds an underscore character to the beginning
of every symbol).

A line numberis a combination of decimal numbers, filenames, and symbols that specifies
a unique line of text in a program sourcefile. Line numbers alwaysstart with a dot charac-
ter (.) and take oneof the following forms:

.Lfilename:] linenumber

.tdisplacement
displacement
symbol(+displacement]
symbol|—displacement|

The second andthird variations specify a line relative to the current line number; the
fourth andfifth specify a line numberrelative to a designated symbol. Line numbers can
be used only with programs developed with compilers that generate line-numberinforma-
tion. Programs developed with MASM or an incompatible compiler cannot generate line
numbers.

An addressidentifies a unique location in memory. An address can be a simpleoffset or a
complete address consisting of two 16-bit values in the form segment:offset. Each compo-
nent can be a valid symbol (including CS, DS,ES,or SS, in the case of segments), a 16-bit
hexadecimal numberin the range 0 through FFFFH,or a symbolplus or minus a displace-
ment. When the segmentportion of an address is absent, the segment specified in the
previous instance of the same commandis used; if no segment was previously specified,
SYMDEBusesDS unless an A, G, L, P, T, U, or W commandis used, in which case SYMDEB
uses CS.

Arange specifies an area of memory or a numberof data items and can be expressed as
either two addresses ora starting address and a length. A length is represented by theletter
L followed by a hexadecimalvalue in the range 0 through FFFFH. The meaningof the
length varies with the SYMDEB command used: Thelength can signify a numberof bytes,
words, doublewords, real numbers, machine instructions, or source-code lines. Ifa com-
mand requires a range and the ending address is not supplied, SYMDEB usually assumes
128 bytes.

A value represents an integral numberand is a combination of one or more digits. The
default base for values is hexadecimal, except in the case of floating-point numbers, but
other bases can be used by appendinga radix character (Y for binary, O or Q for octal, T
for decimal, H for hexadecimal) in either uppercase or lowercase. For example, the follow-
ing values are equivalent:

 
0040 01000
0040H - 91000

0064t 1000000Y
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Doubleword (32-bit) values are entered as two hexadecimalintegers separated by a colon
‘character(:), Real numbersare always entered in decimal radix, with or without a decimal
point or exponent. Leading zeros can be omitted.

An expression is acombination of symbols, numeric constants, and operators that evalu-
ates to an 8-, 16-, or 32-bit value. An expression can be usedin place of a simple value in

' arly command. Unary address operators use DSas the default segment for addresses. Ex-
pressions are evaluated in order of operator precedence; operators with equal precedence
are evaluated from left to right. Parentheses can be used to override the normal operator

' precedence.

The available unary operators, listed in order of precedence from highestto lowest, are

Operator Meaning

+ Unaryplus
~ Unary minus
NOT One's (bitwise) complement
SEG Segment address of operand
OFF Offset of operand
BY Low-order byte from specified address
wo Low-order word from specified address
DW Doubleword from specified address
POI Pointer from specified address (same as DW)
PORT Byte input from specified port
WPORT Word input from specified port

Theavailable binary operators,listed in order of precedence from highest to lowest, are

Operator Meaning

* Multiplication
/ Integer division
MOD Modulus

: Segment override
+ Addition

- Subtraction

AND Bitwise Boolean AND

XOR Bitwise Boolean Exclusive OR

OR Bitwise Boolean Inclusive OR

A list is composed of one or more values, expressions, or strings, separated by spaces or
commas. A string is one or more ASCII characters, enclosed within single or double quota-
tion marks. Caseis significant within a string. If the same type of quote characterthatis
usedto delimit the string occurs inside the string, the character must be doubled inside the
string in orderto be interpreted correctly (for example,"A ""quoted" word").
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‘

In a few cases, SYMDEBdisplays a specific and informative error message in response to
an invalid command.In general, though, SYMDEB respondsin a generic fashion, pointing
to the approximate location of the error with a caret character (“), followed by the word ~
Error. For example:

-D CS:100,CS:80 <Enter>
“ Error

SYMDEBmaintainsa set of virtual CPU registers and flags for a program being debugged.
These registers can be examined and modified with SYMDEB commands. Whena pro-
gramis first loaded for debugging, the virtual registers are initialized with the following
values:

Register -COM Program -EXE Program

AX Valid drive code Valid drive code

BX Upperhalf of program size Upperhalf of program size
CX Lowerhalf of program size—Lowerhalfof program size
DX Zero Zero

SI Zero Zero |
DI Zero Zero
BP Zero Zero

SP FFFEHortop of available Size of stack segment
memory minus 2

IP 100H Offset of entry point within target
program’s code segment

CS PSP Base of target program’s code segment
DS PSP PSP

ES PSP PSP

$s PSP Base of target program’s stack segment

Note: SYMDEBchecksthefirst three parameters in the command line. If the second and
third parameters are filenames, SYMDEB checksany drive specifications with thosefile-
namesto verify that they designate valid drives. Register AX contains one of the following
codes:

Code Meaning

0000H The drives specified with the second and third filenamesare both valid, or
only one filename was specified in the commandline.

OOFFH Thedrive specified with the secondfilenameis invalid.
FFOO0H The drive specified with the third filenameis invalid.
FFFFH The drives specified with the second andthird filenamesare both invalid.
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Before SYMDEBtransfers control to the target program,it saves the actual CPU registers
and then loads them with the currentvaluesofthe virtualregisters: conversely, when con-
trol reverts to SYMDEBfrom thetarget program,the returned register contents are stored
back into the virtual register set for inspection and alteration by the SYMDEBuser.

Examples

To prepare the program CLEAN.ASMfor debugging with SYMDEB,declareall vital labels,
procedures,andvariable names in the source program PUBLIC.To assemble the program,
type

C>MASM CLEAN; <Enter>

This produces the relocatable object module CLEAN.OBJ. Then,to link the object module,
type

C>LINK /MAP CLEAN; <Enter>

This results in the executable program file CLEAN.EXEand the map file CLEAN.MAP.

Note: The /MAPswitch must be used evenif a mapfile is specified in the commandline.
Finally, to create the symbol information file required by SYMDEB,type

C>MAPSYM CLEAN <Enter>

. At this point, begin symbolic debugging by typing
C>SYMDEB CLEAN.SYM CLEAN.EXE <Enter>

Any run-time command-line parameters required by the CLEAN program maybe placed
in the SYMDEB commandlineafter the filename CLEAN.EXE.

To prepare the program SHELL.C for debugging with SYMDEB,first compile the program
with the switches that disable optimization and cause line-numberinformation to be writ-
ten to the relocatable object module:

CoMsc /Zd /Od SHELL; <Enter>

Next, to convert the object module to an executable program and create a mapfile with
line-numberinformation, type

C>LINK /MAP /LI SHELL; <Enter>

To create the symbolinformationfile required by SYMDEB for symbolic debugging, type

C>MAPSYM SHELL <Enter>

To begin debugging, type

C>SYMDEB SHELL.SYM SHELL.EXE <Enter>
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To use the SYMDEButility to inspect or modify memoryor to read, modify, and write
absolute disk sectors, type

C>SYMDEB <Enter>

Message

File not found

- The filename supplied asthe first parameterin the SYMDEB commandline cannot be
found.
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Assemble Machine Instructions

Purpose

Allows entry of assembler mnemonics andtranslates them into executable machine code.
Syntax

A [address]

where:

address__is the starting location for the assembled machine code.
Description .

The Assemble MachineInstructions (A) command accepts assembly-language statements,
rather than hexadecimal values, for the Intel 8086/8088, 80186, and 80286 (runningin real
mode) microprocessors and the Intel 8087 and 80287 math coprocessors and assembles
each statement into executable machine language.

The address parameter specifies the location where entry of assembly-language mne-
monicswill begin. If address is omitted, SYMDEB usesthe last address generated by the
previous A command,if there was no previous A command, SYMDEBusesthe current
value of the target program’s CS:IP registers.

After the user enters an A command, SYMDEB promptsfor each assembly-languagestate-
mentby displaying the address (a segment and an offset) in which the assembled codewill
be stored. When the user presses the Enter key, SYMDEBtranslates the assembly-language
statement andstores each byte of the resulting machine instruction sequentially in mem-
ory (overwriting any existing information), beginning at the displayed address. SYMDEB
then displays the address following the last byte of the machine instruction to prompt the
user to enter the next assembledinstruction. The user can terminate assembly mode by
pressing the Enter key in responseto the address prompt.

The assembly-language statements accepted by theSYMDEB A command have some
slight syntactic differences and restrictions compared with the Microsoft Macro Assembler
programming statements. These differences can be summarized as follows:

@ All numbers are assumed to be hexadecimal integers unless otherwise specified with
a radix character suffix.

® Segment overrides must be specified by preceding the entire instruction with CS.,
DS:, ES:, or SS:.

®=File control directives (NAME, PAGE, TITLE, and soforth), macro definitions, record
structures, and conditional assembly directives are not supported by SYMDEB.

Section IV: Programming Utilities 1063

 
OLYMPUSEX. 1010 - 1073/1582



OLYMPUS EX. 1010 - 1074/1582

SYMDEB: A

® Whenthe data type Gword or byte) is not implicit in the instruction, the type must be
specified by preceding the operand with BYTE PTR (or BY), WORD PTR (or WO),
DWORD PTR (or DW), QWORD PTR (or QW), or TBYTE PTR(orTB).

@ Inastring operation, the size of the string must be specified with a B (byte) or W
(word) addedto the string instruction mnemonic (for example, LODSB or LODSW).

@ The DBand DW instructions accept a parameterof the type /ist and assemble byte
and word valuesdirectly into memory.

® The WAIT or FWAIT opcodesfor 8087/80287 assembler statements are not generated
by the system and must be coded explicitly. (Note: 8087/80287 instructions can be as-
sembled if the system is not equipped with a math coprocessor, but the system will
crashif an attempt is made to execute them.)

® Addresses must be enclosed in square brackets to be differentiated from immediate
operands.

@ Repeat prefixes such as REP, REPZ, and REPNZ can be enteredeither alone onaline
preceding the statement they affect or on the same line immediately preceding the
statement.

@ The assemblerwill generate the optimal form (SHORT, NEAR,or FAR) for jumpsor
calls, depending on the destination address, but these can be overriddenif the
operand is preceded with a NEAR(or NE) or FARprefix.

® The mnemonic fora FAR RETURN is RETF.

Examples

To begin assembling code at address CS:0100H,type

-A 100 coer

To assemble the instruction sequence

LODS WORD PTR [SI]
XCHG BX,AX
JMP [BX]

beginning at address CS:0100H,the following dialogue would take place:
“A 100 <Enter>
1983:0100 Lopsw <Enter>

1983:0101 XCHG BX,AX <Enter>
1983:0103 JMP [BX] <Enter>
1983:0105 <Entex>

To continue assemblingat the last address generated by a previous A command
(1983:0105H in the preceding example), type
“A <Enter> 
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SYMDEB: BC

Clear Breakpoints

Purpose

Permanently removessticky breakpoints.
‘Syntax

BC «

or

BC list

where:

* represents all sticky breakpoints.
list is one or more integers (sticky breakpoint numbers)in the range 0 through 9.

Description

The Clear Breakpoints (BC) command permanently clears the sticky breakpoints pre-
viously set with the Set Breakpoints (BP) command. A sticky breakpoint remains in mem-
ory throughout a SYMDEBsession, unlike a breakpoint set with the Go (G) command,
which remains in effect only while the G commandexecutes.

If an asterisk character(+) follows the BC command, SYMDEBdeletesall sticky break-
points. If a /ist parameter containing one or more sticky breakpoint numbersin the range
0 through 9 follows the BC command, SYMDEBselectively deletes sticky breakpoints.
Each sticky breakpointis assigned a number whenthe breakpointis created with the BP
command.The List Breakpoints (BL) commandcan beusedto displayall currentsticky
breakpoint locations and numbers. Breakpoint numbers should be separated by spaces.

Sticky breakpoints can be temporarily disabled with the Disable Breakpoints (BD) com-
mand and subsequently re-enabled with the Enable Breakpoints (BE) command.

Examples

To clear sticky breakpoints0, 4, and 8, type

-BC 0 4 8 <Enter>

To clearall sticky breakpoints, type
-BC # <Enter>
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Messages

Bad breakpoint number! (0-9)
Asticky breakpoint number in the commandline was not an integer in the range 0
through9.

Breakpointlist or '*' expected!
The BC command was entered without parameters.
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SYMDEB: BD

Disable Breakpoints

Purpose

Temporarily disables sticky breakpoints.
Syntax

BD*

or

BD Hist

where:

* "representsall sticky breakpoints.
list is one or moreintegers (sticky breakpoint numbers) in the range 0 through 9.

Description

The Disable Breakpoints (BD) command temporarily disables the sticky breakpoints
previously set with the Set Breakpoints (BP) command. A sticky breakpoint remains in
memory throughout a SYMDEBsession, unlike a breakpoint set with the Go (G) com-
mand, which remains in effect only while the G command executes.

If an asterisk character(*) follows the BD command, SYMDEBdisablesall sticky break-
points. Ifa /ist parameter containing one or more sticky breakpoint numbersin the range
0 through 9 follows the BD command, SYMDEBselectively disables sticky breakpoints.
Each sticky breakpointis assigned a number whenthe breakpoint is created with the BP
command. The List Breakpoints (BL) command can beusedto display all current sticky
breakpointlocations and numbers. Breakpoint numbers should be separated by spaces.

Sticky breakpoints disabled with the BD command can be re-enabled with the Enable
Breakpoints (BE) command. The Clear Breakpoints (BC) commandcan be usedto per-
manently delete a sticky breakpoint.

Examples

To disable sticky breakpoints 0, 4, and 8, type
-BD 0 4 8 <Enter>

To disable all sticky breakpoints, type
“BD * <Enter>
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Messages

Bad breakpoint number! (0-9)
A sticky breakpoint numberin the commandline was not an integer in the range 0
through 9.

Breakpointlist or '*' expected!
The BD command was entered without parameters.
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SYMDEB: BE

Enable Breakpoints

Purpose

Enables disabled sticky breakpoints.

Syntax
BE*

or

BE list

where:

* represents all sticky breakpoints.
list is one or more integers (sticky breakpoint numbers)in the range 0 through9.

Description

The Enable Breakpoints (BE) command enables the sticky breakpoints disabled with the
Disable Breakpoints (BD) command.A sticky breakpoint remains in memory throughout
a SYMDEBsession, unlike a breakpoint set with the Go (G) command, which remains in

- effect only while the G commandexecutes.

If an asterisk @) character follows the BE command, SYMDEBenables all sticky break-
points. Ifa list parameter containing one or more sticky breakpoint numbersin the range
0 through 9 follows the BE command, SYMDEBselectively enables sticky breakpoints.
Each sticky breakpointis assigned a number when the breakpoint is created with the Set
Breakpoints (BP) command.TheList Breakpoints (BL) commandcan be usedto display
all current sticky breakpoint locations and numbers. Breakpoint numbers should be sepa-
rated by spaces,

Examples

To enable sticky breakpoints 0, 4, and 8, type

-BE 0 4 8 <Entex> ,

To enableall sticky breakpoints, type
-BE * <Enter>
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Messages

Bad breakpoint number! (0-9)
A sticky breakpoint numberin the commandline was not an integer in the range 0
through9.

Breakpointlist or '*' expected!
The BE command wasentered without parameters.
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SYMDEB: BL

List Breakpoints

Purpose

Displays information aboutall sticky breakpoints.

‘Syntax
BL

Description

The List Breakpoints (BL) commandlists the current status of each sticky breakpoint
created with the Set Breakpoints (BP) command.A sticky breakpoint remains in memory
throughout a SYMDEBsession, unlike a breakpoint set with the Go (G) command, which
remainsin effect only while the G command executes.

The BL commandlists each sticky breakpoint number,its status code, its address in the
target program, the numberofpasses remaining, andtheinitial numberofpasses speci-
fied with the BP command(in parentheses). If source display mode wasselected withthe.
Enable Source Display Mode (S+) command, SYMDEBalso displays the source-file name
and the line numberthat correspondsto each breakpoint location. Breakpoint status
codes are

e Enabled

d_ Disabled

v Virtual

(A virtual breakpointis a sticky breakpoint set at a symbol contained in a .EXEfile that has
not yet been loadedinto SYMDEB.)

Example

To view the current status ofall breakpoints, type

-BL <Enter>

If the BP commands

-BPO _TEXT:_main <Enter>
-BPi _TEXT: printf <Enter>

werepreviously entered, the BL commanddisplays

0 e 456H:0010 [_TEXT:_main] dump.C:32
1 e 4566:0612 [_TEXT:_printf]
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Set Breakpoints

Purpose

Sets sticky breakpoint locations within the.program being debugged.

Syntax |
BPI 1] address|passcount| ("commands")
where:

n is the sticky breakpoint number (0-9).
address is the location of the breakpointin the target program.
Passcount is the numberof timesthe instruction at address should be executed

before the breakpointis taken.
"commands" is one or more SYMDEB commands, separated by semicolons. The entire

list must be enclosed in double quotation marks. (Limit = 30 characters.)

Description

1072

The Set Breakpoints (BP) commandsets a sticky breakpoint in the program being
debugged. A sticky breakpoint remains in memory throughout a SYMDEBsession, unlike
‘a breakpoint set with the Go (G) command, which remainsin effect only while the G
command executes. When the target program reaches the breakpoint, execution of the
program is suspended and control returns to SYMDEB. SYMDEBdisplays the contents of
the registers and flags, followed by a prompt sothat the user can enter more commands.

The optional parameter associates an integer in the range 0 through9, called the break-
‘point number, with the sticky breakpointlocation.If 2 is omitted, the next available
breakpoint numberis used. No spaceis allowed between BP and .

The address parameter must pointto thefirst byte of a machineinstruction in the pro-
gram. This parameter may be a symbol, a literal address, or a source-code line number. If
a segmentis not included, SYMDEBusesthe target program’s CSregister.

The optional passcount parameter is the numberof times execution should pass through
the specified location before the break is taken and control is returned to SYMDEB. The
value ofpasscount must be a hexadecimal numberin the range 0 through FFFFH
(default = 0).

The optional "commands" parameter is one or more SYMDEB commandswith their
associated parameters, Each command must be separated from the others by a semicolon
character(;) andthe entire list enclosed in double quotation marks ("). A maximum of 30
characters can be specified within the quotation marks. The commandsare executed
wheneverthe break is taken.
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Examples

Toset a sticky breakpointat location next_/file in the target program and dumpthe con-
tents of memorylocations DS:0000H through DS:00FFH whenthe breakpoint is reached,
type ,

~BP NEXT_FILE "DB DS:0 L100" <Enter>

To associate the breakpoint number4 with the location CS:4230Hin the program being
debugged and pass the breakpoint 16 (10H) times before suspending execution of the pro-
gram, type

-BP4 CS:4230 10 <Enter>

Messages

Badbreakpoint number! (0-9)
A sticky breakpoint numberin the commandline wasnot an integer in the range 0
through9.

Breakpoint commandtoo long!
The "commands" parameter exceeded 30 characters.

Breakpoint error!
The BP commandwasentered without an address parameter.

Breakpoint redefined!
A new address was assigned to an existing breakpoint number, or an attempt was made to
create a breakpoint with the same address as an existing breakpoint.

Duplicate breakpoint ignored!
An attempt was made to change an existing breakpoint to a breakpointalready specified
in the breakpointlist.

Too manybreakpoints!
No more sticky breakpoints are available.
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SYMDEB: C

Compare Memory Areas

Purpose

Compares two areas of memory and reports any differences.

Syntax

C range address

where:

range specifies the starting and ending addressesor the starting address and length
of the first area of memory to be compared.

address_points to the beginning of the second area of memory to be compared.

Description

 
The Compare Memory Areas (C) command compares the contents of two areas of mem-
ory. Thelocation and contents of any differing bytes are listed in the following form:

address1 byte! byte2 address2

If no differences are found, the SYMDEB promptreturns.

The vange parameterspecifies the first through last addresses orthe starting address and
length in bytes of the first area of memory to be compared.

The address parameter pointsto the beginning of the second area of memory to be com-
pared, whichis the same size as range. If a segmentis not includedin either range or
address, SYMDEBusesDS.

Example

To compare the 64 bytes beginning at CS:CE00H with the64 bytes beginningat
CS:CFOAH,type

-C CS:CE00,CE3F CS:CFOA <Enter>

or

-C CS:CEO0 L40 CS:CFOA <Enter>

If any differences are found, SYMDEBdisplays them in the following format: 
2124:CEO6 OO FF 2124:CF10 ”
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SYMDEB: D

Display Memory

Purpose

Displays the contents of an area of memory.

Syntax

D [range]

where:

range specifies the starting and ending addressesor the starting address and length
of the area of memoryto be displayed.

Description

The Display Memory (D) commanddisplays the contents of a specified range of memory
addressesin the same format used in the most recent Display command (DA, DB, DD, DL,
DS, DT, or DW). If no Display commandhas previously been entered, the memoryis dis-
played in hexadecimal bytes and their ASCII equivalents (the DBformat).

The range parameterspecifies the starting and ending addresses of the memory area to
be displayed or the starting address followed by the length of the area, expressed by an L
and the hexadecimal numberofdata items to be displayed. When range does not include
a segment, SYMDEB usesDS.

Thesize in bytes of each item and the default value for the length depend onthe type of
Display command used: the Display Byte (DB), Display Doubleword (DD), and Display
Word (DW) commands default to a length of 128 (80H) bytes; Display ASCII (DA)displays
128 bytes or up to a null byte, whicheveris smaller, Display Short Reals (DS), Display Long
Reals (DL), and Display 10-Byte Reals (DT) default to the display of one floating-point
number.

If a Display commandhas not previously been used and range is omitted froma D com-
mand,the display starts at the address specified in the target program’s CS:IPregisters.Ifa
Display commandhaspreviously been used and range is omitted from a D command, the
display starts at the memory address following the last address displayed by the most re-
cent Display command. ,

Examples

Assumethat the only Display commandsused during this SYMDEBsession are D and‘DB.
To display the contentsof the 128 bytes of memory beginningatoffset 100H in the pro-

' gram’s DGROUPtype
-~D DGROUP:0100 <Enter>
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SYMDEBdisplays the contents of the range of memoryaddressesin the following format:
7F00:0100 20 64 65 76 69 63 65 QOD-O0A 00 60 39 OD OA 00 7C device...’79...1
7F00:0110 39 08 20 08 00 81 39 04-1B 5B 32 4A 42 BD 11 44 9. ...9..[20B=.D
7F00:0120 2B 26 45 AF 11 47 B3 11-48 AS 11 4C B8 11 4B D3 .&B/.G3.H%.L8.NS
7F00:0130 11 50 DF 11 51 AB 11 54-DF 1E 56 37 11 5F 9F 16 .PL.Q+-T_.V7._.-
7f00:0140 24 co 11 00 03 4E 4F 54-Ccl1 07 OA 45 52 52 4F 52 $@...NOTA..ERROR
7700:0150 4c 45 56 45 4C 85 08 05-45 58 49 53 54 18 08 00 LEVEL...EXIST...
7F00:0160 03 44 49 52 03 91 0C 06-52 45 4E 41 4D 45 01 CO .DIR....RENAME. @
7F00:0170 OF 03 52 45 4E 01 CO OF-05 45°52 41 53 45 01 68 . REN.@..ERASE.h

To view the next 128 bytes of memory, type
-D <Enter>

SYMDEBdisplays the contents of memory addresses 7F00:0180H through 7F00:01FFH.
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SYMDEB: DA

Display ASCII

Purpose

Displays the contents of memory in ASCII format.

Syntax
DA [range]

where:

range specifies the starting and ending addressesor the starting address and length
of the area of memory to be displayed.

Description
The Display ASCII (DA) commanddisplays the contents of a specified range of memory
addresses in ASCII format.

The range parameterspecifies the starting and ending addresses of the memory area to
be displayed in ASCII formator the starting address followed by the length of the area, ex-
pressed by an L and a hexadecimal numberof bytes. When range does not include a
segment, SYMDEB usesDS.

If a Display commandhasnot previously been used and range is omitted from a DA com-
mand, the display starts at the address specified in the target program’s CS:IP registers. Ifa
Display commandhaspreviously been used and range is omitted from a DA command,
the display starts at the memory address following the last address displayed by the most
recent Display command.

When a rangeis not explicit ina DA command,the display terminates after 128 bytes or
when a null (zero) byte is encountered. Ifa range is specified, the entire rangeis dis-
played, including any null bytes, with nonprinting characters displayed as period (.)
characters.

Eachline of the display is formatted as a segmentandoffset, followed by the contents of
16 bytes of memoryCorless if a null byte was encountered) represented as an ASCIIstring.

See also PROGRAMMING UTILITIES: syMDEB:EA.

Examples

If memory beginningat location 7F00:0100H contains the characters This is a test string
followed by a null (zero) byte, the command

“DA 7F00:0100 <Enter>
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producesthe following display:

7F00:0100 This is a test string

‘To view additional memory in the same format, type
“D <Enter>
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SYMDEB: DB

Display Bytes

Purpose

Displays the contents of memory as hexadecimal bytes and their equivalent ASCII
characters.

Syntax

DB [range]

where:

range specifies the starting and ending addresses orthe starting address and length
of the area of memoryto be displayed.

Description

The Display Bytes (DB) commanddisplays the contents ofa specified range of memory
addresses as hexadecimal bytes and their ASCII character equivalents. This is the default
format for the Display Memory (D) command.

The range parameterspecifies the starting and ending addresses of the memoryarea to
be displayed or the starting address followed by the length of the area, expressed by an L
and a hexadecimal number of bytes. When range does not include a segment, SYMDEB
uses DS.

If a Display commandhasnot previously been used and range is omitted from a DB com-
mand,the display starts at the address specified in the target program’s CS'IP registers. If a
Display commandhas previously been used and range is omitted from a DB command,
the display starts at the memory addressfollowing thelast address displayed by the most
recent Display command. Whena rangeis not explicit in a DB command,the display ter-
minates after 128 bytes.

Eachline of the display is formatted as a segment andoffset, followed by the contents of
16 bytes of memory represented as hexadecimal values separated by spaces (except the
eighth and ninth values, whichare separated by a dash), followed by their ASCII character
equivalents Gf any). In the ASCII section, nonprinting characters are displayed as periods.

See also PROGRAMMINGUTILITIES: syMpEB:EB.

Examples

To display the contents of the 128 bytes of memory beginning at 7F00:0100H, type

-DB 7F00:0100 <Enter>

Section IV: Programming Utilities 1079

OLYMPUSEX. 1010 - 1089/1582



OLYMPUS EX. 1010 - 1090/1582

 

SYMDEB:DB

1080

The contents of the range of memory addresses are displayedin the following format:
4F00:0100 20 64 65 76 69 63 65 OD-0A 00 60 39 OD 0A 00 7C device.../9...3
770020110 39 08 20 08 00 81 39 04-1B SB 32 4A 42 BD 11 44 9. ...9..[2JB=.D
7700:0120 2E 26 45 AF 11 47 B3 11-48 AS 11 4C BB 11 4E D3 .GE/.G3.H%.L8.NS
7700:0130 11 50 DF 11 51 AB 11 S4-DF 1B 56 37 11 SF 9F 16° .P_.Q4.T_.V7.—--
7F00:0140 24 cO 11 00 03 4E 4F 54-C1 07 OA 45 S52 52 4F 52 $@...NOTA..ERROR
7P00:0150 4C 45 56 45 4C 85 08 05-45 58 49 53 54 18 08 00 LEVEL...EXIST...
7700:0160 03 44 49 52 03 91 OC 06-52 45 4E 41 4D 45 01 CO .DIR....RENAME.@
770010170 OF 03 52 45 4E 01 CO OF-05 45 52 41 53 45 01 68 . REN. @..ERASE.h

To view the next 128 bytes of memory, type
-D <Enter>

SYMDEBdisplays the contents of memory addresses 7F00:0180H through 7F00:01FFH.
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SYMDEB: DD

Display Doublewords

Purpose

Displays the contents of memory in hexadecimal doubleword format.

Syntax

DD [range]

where:

range specifies the starting and ending addresses orthe starting address and length
of the area ofmemoryto be displayed.

Description

The Display Doublewords (DD) commanddisplays the contentsofa specified range of
memory addresses 4bytesat a time, as if they were FAR memorypointers (offset followed
by segmentin reverse byte order).

The range parameterspecifies the starting and ending addresses of the memory to be dis-
played or the starting address followed by the length of the area, expressed by an L anda
hexadecimal numberof doublewords, When range does not include a segment, SYMDEB
uses DS.

If a Display commandhasnot previously been used and range is omitted froma DD com-
mand,thedisplay starts at the address specified in the target program's CS:IP registers. If a
Display command haspreviously been used and range is omitted froma DD command,
the display starts at the memory address following the last address displayed by the most
recent Display command. Whena rangeis not explicit in a DD command, 32 doublewords
(128 bytes) are displayed.

Eachline of the display is formatted as a segment andoffset, followed by the contents of
16 bytes of memory represented as 4 paired 16-bit segments and offsets. The 4 bytes that
make up the segmentand offset of each doubleword pointerare displayed in reverse order
from their actual storage in memory.

See also PROGRAMMINGUTILITIES: syMpDEB:ED.

Examples

To see how DD represents the 4 bytes that make up a doubleword,first type
~DB 100 <Enter>
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This producesthe following output:

3929:0100 CF OB 9p OD 33 OB C3 OE-F2 OE 06 OF 39 OF 49 OF 0...3.C.r...9.1.

Then type

“DD 100 <Enter>

This produces the following output:

3929:0100 OD9D:0BCF OEC3:0E33 OF06:0EF2 0F49:0F39

Notice that DD switches the orderof the first 2 bytes in a 4-byte set and designates them as
the offset; then it switches the order of the second 2 bytes in the 4-byte set and designates
them as the segmentaddress.

To display the contents ofthe first 128 (80H) bytes of the system interrupt vectortable,
whichis based at address 0000:0000H,type ,
“DD 0:0 <Enter>

This producesthe following output:

0000:0000 2075:03D2 0070:01F0 16F3:2C1B 0070:01F0
0000:0010 0070:01FO0 FOOO:FFS5S4 F000:9805 FO00:9805
0000:0020 0AE3:0395 16F3:2BAD F000:9805 F000:9805
0000:0030 0972:0B40 F000:9805 FOOO:EF57 0070:01F0O
0000:0040 OAE3:03D6 FO00:F84D FO00:F841 0070:0D43
0000:0050 F000:E739 FO00:F859 FOOO:E82E FOQ00:EFD2
0000:0060 FO0OO:E76C 0070;:0ADD FOQQ:FE6E 1078:3BEC
0000:0070 FOOO:FF53 FOO0:FOE4 0000:0522 F000:0000

To view the next 128 bytes of memory in the same format, type

“D <Entexr>

SYMDEBdisplays the contents of memory addresses 0000:0080H through 0000:00FFH.
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SYMDEB: DL

Display Long Reals

Purpose

Displays the contents of memoryas long (64-bit) floating-point numbers.

‘Syntax

DL [range]

where:

range specifies the starting and ending addressesor the starting address and length
of the area of memoryto be displayed.

Description

The Display Long Reals (DL) commanddisplays the contents of a specified range of mem-
ory addresses 8 bytes at a time, as hexadecimal values and their decimal equivalents. The
hexadecimalvalues are formatted as 64-bit floating-point numbers. The decimalvalues
have the form

+\-0.decimaldigitsE+ |—-mantissa

Thesign of the number (+ or —) is followed by a zero, a decimal point, and a maximum of
16 decimaldigits, this, in turn, is followed by the designator of the mantissa (E) and the
mantissa’s sign (+ or —) anddigits.

The range parameterspecifies the starting and ending addresses of the memoryto be dis-
played or the starting address followed by the length of the area, expressed by an Landa
hexadecimal numberof 8-byte values. When range does not include a segment, SYMDEB
uses DS.

If a Display commandhasnot previously been used and range is omitted from a DL
command,the display starts at the address specified in the target program’s CS:IP regis-
ters. If a Display commandhas previously been used and range is omitted from a DL com-
mand,the display starts at the memory address following the last address displayed
by the most recent Display command. When a rangeis not explicit ina DL command,
one 64-bit floating-point numberis displayed.

Eachline ofthe display is formatted as a segmentandoffset, followed by the contents of
8 bytes of memory represented as a hexadecimal value, followed by its decimalfloating-
point equivalent.

See also PROGRAMMING UTILITIES: SYMDEB:EL.
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Examples

Assumethat the memory beginning at location DS:0100H contains the value 6.624 «10-27
(Planck’s constant, in erg-seconds)as a 64-bit floating-point number. The command

-DL 100 <Enter>

producesthe following output:

43E8:0100 5F a2 20 73 75 66 80 3A +02 6624B-26

To view the next 8 bytes of memory in the same format, type

-D <Enter>
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SYMDEB: DS

Display Short Reals

Purpose

Displays the contents of memoryas short (32-bit) floating-point numbers.

‘Syntax

DS[range]

where:

range specifies the starting and ending addressesor the starting address and length
of the area of memoryto be displayed.

Description

The Display Short Reals (DS) command displays the contents of a specified range of mem-
ory addresses 4 bytes at a time, as hexadecimal values and their decimal equivalents. The
hexadecimalvalues are formatted as 32-bit floating-point numbers. The decimal values
have the form

_+1-0.decimaldigitsE+ \—mantissa

The sign of the number(+ or —) is followed by a zero, a decimal point, and a maximum
of 16 decimaldigits (only the first 7 digits are significant), this, in turn, is followed by the
designator of the mantissa (E) and the mantissa’s sign (+ or —) and digits.

The range parameter specifies the starting and ending addresses of the area of memory to
be displayed or the starting address followed by the length of the area, expressed by an L
and a hexadecimal numberof 4-byte values. When range does not include a segment,
SYMDEBusesDS. .

If a Display commandhasnotpreviously been used and range is omitted from a DS
command,the display starts at the address specified in the target program’s.CS:IP regis-

- ters. Ifa Display commandhas previously been used and range is omitted from a DS com-
mand, the display starts at the memory addressfollowing the last address displayed
by the most recent Display command. When a rangeis not explicit ina DS command, one
32-bit floating-point numberis displayed.

Eachline of the display is formatted as a segment and offset, followed by the contents of
4 bytes of memory represented as a hexadecimal value, followed by its decimal floating-
point equivalent.

See also PROGRAMMING UTILITIES: symbes:es.
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Examples
Assume that the memory beginningat location 43E8:0100H contains the value 6.02 +10*?3
(Avogadro's number) as a 32-bit floating-point number. The command
-DS 43E8:100 <Enter>

producesthe following output:

43E8:0100 ¥F9 F4 FE 66 +0.6020000172718952E+24

To view the next 4 bytes of memory in the same format, type
“D <Enter>
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SYMDEB: DT

Display 10-Byte Reals

Purpose

Displays the contents of memory as 10-byte (80-bit) floating-point numbers.

‘Syntax

DT [range]

where:

range specifies the starting and ending addresses or the starting address and length
of the area of memoryto be displayed.

Description

The Display 10-Byte Reals (DT) commanddisplays the contents of a specified range of
memory addresses 10 bytes at a time, as hexadecimal values and their decimal equivalents.
The hexadecimalvalues are formatted as 80-bit floating-point numbers. (This formatis
ordinarily used by the Intel 8087 math coprocessoronly for intermediate results during
chainedfloating-point calculations.) The decimal value has the form

+i-0.decimaldigitsE+ \—-mantissa

Thesign of the number C+ or —-) is followed by a zero, a decimal point, and a maximum of
16 decimaldigits, this, in turn,is followed by the designator of the mantissa (E) and the
mantissa’s sign (+ or —) and digits.

The range parameter specifies the starting and ending addresses of the area of memoryto
be displayed or the starting address followed by the length of the area, expressed by an L
and a hexadecimal numberof 10-byte values. When range does notinclude a segment,
SYMDEBusesDS.

If a Display commandhasnot previously been used and range is omitted from a DT
command,the display starts at the address specified in the target program's CS:IP regis-
ters. Ifa Display command has previously been used and range is omitted from a DT com-
mand,the display starts at the memory address following the last address displayed
by the most recent Display command. Whena rangeis not explicit ina DT command, one
10-byte floating-point numberis displayed.

Eachlineof the display is formatted as a segment andoffset, followed by the contents of
10 bytes of memory represented as a hexadecimal value, followed by its decimalfloating-
point equivalent.

See also PROGRAMMING UTILITIES: syMDEB:ET.
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Examples

Assume that the memory beginning atlocation DS:0100H contains the value 2.99 «10*10
(the speedoflight in centimeters per second) as an 80-bit floating-point number. The
command

“DT 100 <Enter>

producesthe following output: .

43E8:0100 00 00 00 00 60 B9 C5 DE 21 40 +0.299E+11

To view the next 10 bytes of memory in the same format, type

-“D <Enter>
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SYMDEB: DW

Display Words

Purpose

Displays the contents of memory as 2-byte (16-bit) words.

Syntax

DW [range]

where:

range specifies the starting and ending addresses or the starting address and length
of the area of memoryto be displayed.

Description

The Display Word (DW) commanddisplays the contents of a specified range of memory
addresses 2 bytes at a time, as 16-bit hexadecimal integers.

The range parameter specifies the starting and ending addressesof the area of memory to
be displayed or the starting address followed by the length of the area, expressed by an L
and a hexadecimal number ofwords of memory to be displayed. When range does notin-
clude a segment, SYMDEB usesDS.

If a Display commandhas not previously been used and range is omitted from a DW com-
mand,the display starts at the address specified in the target program’s CS:IP registers. If a
Display command has previously been used and range is omitted from a DW command,
the display starts at the memory address following the last address displayed by the most
recent Display command. Whena rangeis not explicit ina DW command, 64 words
are displayed.

Eachline of the display is formatted as a segmentandoffset, followed by the contents of 16
bytes of memory represented as eight 4-digit hexadecimal numbers. The 2 bytes that make
up each word are displayed in reverse order from their actual storage in memory. Thatis,
the first byte in a 2-byte wordis displayed after the second byte.

See also PROGRAMMINGUTILITIES: syMDEB:Ew.

Examples

To display the contents of the 64 words ofmemory beginning at DS:0080H in word format,
type

“DW 80 <Enter>
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This producesthefollowing output:

1PEE:0080 6977 646E 776F 5C73 696C 0062 494C 3D42
1FEE:0090 3A63 6D5C 6373 6CSC 6269 633B 5C3A 6977
1FEE:00A0 646E 776F 5C73 696C 0062 4D54 3D50 3A63
1FEE:00B0 745C 6D65 0070 4554 504D 633D 5C3A 6574
1FEE:00CO 706D 4400 4149 3D4C 3A63 645C 6169 006C
1FEE:00D0 4350 3346 3D32 3A63 665C 726F 6874 705C
1FEE:00E0 3363 0032 4350 3350 3D32 3A63 665C 726F
1FRE:00FO 6874 705C 756C 3373 0032 5255 3146 3D30

To view the next 64 words of memory in the same format,type
-D <Enter>

SYMDEBdisplays the contents of memory addresses 1FEE:0100H through 1FEE:017FH.
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Enter Data

Purpose

Enters data into memory.

Syntax

E address [list]

where:

address isthefirst memorylocation for storage.
list is the data to be placed into successive bytes of memory, starting at address.

Description

The Enter Data (E) commandenters into memory one or moredata items, using the same
format as the most recent Enter command (EA, EB, ED, EL, ES, ET, or EW). If no Enter
command haspreviously been used, the data can be entered as either hexadecimal values
or ASCII strings (the EA or EB format). Any data previously stored at the specified loca-
tionsis lost. If SYMDEB displays an error message, no changes are made.

The address parameterspecifies the first byte to be modified. If address does not include
a segment, SYMDEBuses DS. SYMDEBincrements the address for each byte of data
stored.

The list parameter must meet the requirements of the last Enter command used.All
SYMDEBEnter commandsare describedin alphabetic order on the following pages.If /ist
is included in the commandline, the changes are made unless an erroris detected in the
commandline. If Hist is omitted from the commandline, the current contents of address
are displayed, followed by a period (.), and the user is prompted for new data. If no value
is entered and the Enter key is pressed, the original value remains unchanged and the En-
ter commandis terminated.

Examples

The following two examples assumethat no previous Enter commands have been used or
that the most recent Enter command was EA or EB.

To store the byte values 00H, 0DH, and 0AHinto the 3 bytes beginning at DS:1FB3H, type

-E 1FB3 00 OD OA <Enter>
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If the command

“E 2C3 ABC <Enter>

is entered and the last Enter command used was EA or EB,the value BCHis stored at ©
DS:2C3H,and the leading ‘A’ character on the hexadecimal number‘ABC’is ignored.
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Enter ASCII String

Purpose

Enters an ASCIIstring or hexadecimal byte values into memory.

Syntax

EA address[list]

where:

address_isthe first memorylocation for storage.
list is one or more ASCIIstrings or hexadecimal byte values.

Description

The Enter ASCII String CEA) commandenters data into successive memory bytes. The data
can be entered as either hexadecimal byte values or ASCIIstrings. Any data previously
stored at the specified locationsis lost. If SYMDEB displays an error message, no changes
are made. The EA commandfunctions exactly like the Enter Bytes (EB) command.

The address parameterspecifies the first byte to be modified. If address does not include
a segment, SYMDEB uses DS. SYMDEBincrements the address for each byte of data
stored.

The /ist parameter is one or more ASCII strings and/or hexadecimal byte values, separated
by spaces, commas, or tab characters. Extra or trailing characters are ignored. Strings must
be enclosed within single or double quotation marks, and caseis significant within a
string.

If dist is included in the commandline, the changes are made unlessan error is detected in
the commandline.If Hist is omitted from the commandline, the user is prompted byte by
byte for new data, starting at address. The current contents of a byte are displayed, fol-
lowed by a period. A new value for that byte can be entered as one or two hexadecimal
digits (extra characters are ignored), or the contents can be left unchanged.To display the
next byte, the user presses the spacebar.If the user enters a minus sign, or hyphen charac-
ter (-), instead of pressing the spacebar, SYMDEB backsup to the previous byte. A maxi-
mum of 8 bytes can be entered on each inputline; a new line is begun each time an 8-byte
boundaryis crossed. Data entry is terminated by pressing the Enter key without pressing
the spacebaror entering any data.

Text strings can be used only aspart of the Hist parameter in an EA commandline; they
cannotbe entered in response to an address prompt.
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Example
To store the string MAINMENUinto memory beginning at address ES:0C14H,type
-EA ES:C14 "MAIN MENU" <Enter>
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SYMDEB: EB

Enter Bytes

Purpose

Enters hexadecimal byte values or ASCII strings into memory.

Syntax

EB address[list]

where:

address isthe first memory location for storage.
list is one or more hexadecimal byte values or ASCIIstrings.

Description

The Enter Bytes (EB) commandenters data into successive memory bytes. The data can
be entered aseither hexadecimal byte values or ASCII strings. Any data previously stored.
at the specified locations is lost. If SYMDEB displays an error message, no changes are
made. The EB command functions exactly like the Enter ASCII String (EA) command.

The address parameter specifies the first byte to be modified. If address does not include
a segment, SYMDEB uses DS, SYMDEBincrements the address for each byte of data
stored.

The fist parameter is one or more hexadecimal byte values and/or ASCII strings, separated
by spaces, commas, or tab characters. Extra or trailing characters are ignored. Strings must
be enclosed within single or double quotation marks,andcaseis significant within a
string.

If fist is included in the commandline, the changes are made unless anerror is detected in
the commandline.If /ést is omitted from the commandline, the user is prompted byte by
byte for new data, starting at address. The current contents of a byte are displayed,fol-
lowed by a period. A new value for the byte can be entered as one or two hexadecimal
digits (extra characters are ignored), or the contents can beleft unchanged.To display the
next byte, the user presses the spacebar.If the user enters a minus sign, or hyphen charac-
ter (-), instead of pressing the spacebar, SYMDEBbacksupto the previous byte. A maxi-
mum of8 bytes can be entered on each inputline; a new line is begun each time an 8-byte —
boundaryis crossed. Data entry is terminated by pressing the Enter key without pressing
the spacebaror entering any data.

Text strings can be used only as partof the /ist parameter in an EB commandline; they
cannot be entered in response to an address prompt.
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Examples.

To store the byte values 00H, ODH, and OAHinto the 3 bytes beginning at DS:1FB3H,type
-EB 1FB3 00 0D OA <Enter>

To store the string MAINMENUinto memory beginning at address ES:0C14H, type
-EB ES:C14 "MAIN MENU" <Enter>
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SYMDEB: ED
Enter Doublewords

. Enters hexadecimal doubleword values into memory.
Syntax

ED address{value]

where:

address_is the first memory location for storage.
value is a doubleword (32-bit) hexadecimalvalue.

Purpose

|

Description

The Enter Doublewords (ED) commandenters into memory 32-bit hexadecimal double-
word values in the form of FAR memory pointers (offset followed by segments in reverse

byte order). Any data previously stored at the specified locationsis lost. If SYMDEBB dis-
plays an error message, no changes are made.

The address parameter specifies the first memory location to be modified. If address does
not include a segment, SYMDEBuses DS.

The value parameteris one doubleword value, entered as two 16-bit hexadecimal words
separated by a colon character(:), Each value is entered in the form segment:offset. The
offset portion is stored at address, and the segmentportionis stored at address+2, both in
reverse byte order. For example, a value of AABB:CCDDH would be stored in memoryas
DDH,CCH, BBH,and AAH,starting at address. Multiple values cannot be used in an ED
commandline; SYMDEBignores any valuesafter thefirst value.

If value is omitted from the command line, SYMDEB prompts the user for new data,start-
ing at address, The current contents of the location are displayed, followed by a period.
Theuser can then enter a new doubleword value and press the Enter key or leave the con-
tents unchangedby pressing the Enter key alone, which also terminates the ED command.
If a new value is entered, SYMDEB increments address anddisplays the next doubleword
value.

Example

To store the doublewordvalue F000:1392Hat the address DS:0200H,type
-ED 200 F000:1392 <Enter>
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SYMDEB:EL

Enter Lorig Reals

Purpose

Enters 64-bit floating-point numbers into memory.

Syntax

EL address{value]

where:

address_isthe first memorylocationfor storage.
value is a 64-bit floating-point decimal number.

Description

The Enter Long Reals (EL) commandenters into memory 64-bit floating-point numbers
in decimal format. Any data previously stored at the specified memorylocationsislost. If
SYMDEBdisplays an error message, no changes are made.

The address parameter specifies the first byte to be modified. If address does not include
a segment, SYMDEBuses DS.

The value parameter is a floating-point number entered in decimal radix, with or without
a decimal point and/or exponent. Multiple values cannot be used in an EL commandline;
SYMDEBignores any valuesafter the first value. ,

The 64-bit floating-point decimal value mustbe entered inthe form

[+ \—ldecimaldigits[E[+ |—]mantissa]

where:

+i- is the sign of the long floating-point value or the mantissa.
decimaldigits is a decimal number. A maximum of16 digits is allowed, includingdigits

before and after a decimal point.
E denotes the beginning of the mantissa. '
mantissa is the decimal mantissa value.

If value is omitted from the command line, SYMDEB promptsthe user for new data,start-
ing at address. The current contents of the location are displayed. The user can enter a
new value and press the Enter key or leave the contents unchanged by pressing the Enter
key alone, which also terminates the EL command.If a new value is entered and the Enter
key is pressed, SYMDEBincrements address and displays the next long real number.
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Example
To store an approximationofthe value pi (7) in the form of a 64-bit floating-point number
at address DS:0020H,type

-EL 20 +0.3141592653589793E+1 <Enter>

or

-EL 20 3.141592653589793 <Enter>
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SYMDEB: ES

Enter Short Reals

Purpose

Enters 32-bit floating-point numbers into memory.

Syntax .
ES address (value]

where:

address is the first memory locationfor storage.
value is a 32-bit floating-point decimal number.

Description

The Enter Short Reals CES) command enters into memory 32-bit floating-point numbers
in decimal format. Any data previously stored at the specified locationsis lost. If SYMDEB
displays an error message, no changes are made.

The address parameter specifies the first byte to be modified. If address does not include
a segment, SYMDEBuses DS.

The value parameteris a floating-point numberentered in decimal radix, with or without:
a decimal point and/or exponent. Multiple values cannot be used in an ES commandline;
SYMDEBignores any valuesafter the first value.

The 32-bit floating-point decimal value must be entered in the form

‘L+ i-ldecimaldigits[E[+ |-lmantissal

where:

+1- is the sign of the shortfloating-point value or the mantissa.
decimaldigits isa decimal number. A maximum of 16digits is allowed, including digits

before and after a decimalpoint.
E denotes the beginning of the mantissa.
mantissa is the decimal mantissa value.

Note; For short floating-point values, the last nine decimaldigits are notsignificant. This
can be demonstrated by using the Display Short Reals (DS) commandto check the new
value in memory.

If value is omitted from the command line, SYMDEB promptsthe userfor new data, start-
ing at address. The current contents of the location are displayed. The user can then enter
a new value and press the Enter key or leave the contents unchanged by pressing the
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Enter key alone, whichalso terminates the ES command.If a new value is entered and the
Enter key is pressed, SYMDEB increments address and displays the next short floating-
point number. ;

Example

To store an approximation of the value pi (m) in the form of a 32-bit floating-point number
at address DS:0020H,type
~ES 20 +0.31415927E+1 <Enter>

or

~ES 20 3.1415927 <Enter>
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Enter 10-Byte Reals

Purpose

Enters 10-byte (80-bit) floating-point numbers into memory.

Syntax

ET address (value)

where:

address_is thefirst memory location for storage.
value is an 80-bit floating-point decimal number.

Description

The Enter 10-Byte Reals (ET) commandenters into memory 10-byte (80-bit) floating-point
numbers in decimal format. Any data previously stored at the specified locationsis lost. If
SYMDEBdisplays an error message, no changes are made. (This 10-byte format is ordinar-
ily used by the Intel 8087 math coprocessoronly for intermediate results during chained
floating-point calculations.)

The address parameter specifies the first memory location to be modified. If address does
not include a segment, SYMDEBusesDS.

The value parameteris a floating-point number entered in decimal radix, with or without
a decimal point and/or exponent. Multiple values cannot be used in an ET commandline;
SYMDEBignores any valuesafter the first value.

The 10-byte floating-point decimal value must be entered in the form

[+!-ldecimaldigits[El+ \-lmantissa]

where: _

+1- is the sign of the 10-byte floating-point value or the mantissa.
decimaldigits isa decimal number. A maximum of16digits is allowed, including digits

before and after a decimal point.
E denotes the beginning of the mantissa.
mantissa is the decimal mantissa value.

‘If value is omitted from the command, SYMDEBpromptsthe userfor new data,starting at
address. The current contents are displayed. The user can enter a new value and press the
Enter key or leave the contents unchanged by pressing the Enter key alone, whichalso ter-

_ minates the ET command.If a new valueis entered and the Enter key is pressed, SYMDEB
increments address and displays the next 10-byte floating-point number.
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Example

To store an approximation of the value pi () in the form of an 80-bit floating-point num-
ber at address DS:0020H,type
-ET 20 +0.31415926535897932384E+1 <Enter>
or

-ET 20 3.1415926535897932384 <Enter>
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SYMDEB: EW

Enter Words

Purpose

Enters word values into memory.

Syntax

EW address (value)

where:

address__is the first memorylocation forstorage.
value is a word (16-bit) hexadecimalvalue.

Description

The Enter Words (EW) commandenters into memory 16-bit hexadecimal word values.
Any data previously stored at the specified locations is lost. If SYMDEB displays an error
message, no changes are made.

The address parameter specifies the first memory location to be modified. If address does
not include a segment, SYMDEBusesDS.

The value parameter is one word value in the range 0 through FFFFH. Thevalueis stored
in reverse byte order. For example, a value of AABBH would be stored in memory as BBH
and AAH,starting at address. Multiple values cannot be used in an EW commandline,
SYMDEBignores any valuesafter the first value. ,

If value is omitted from the command line, SYMDEB prompts the user word by word for
new data, starting at address. The current contents are displayed, followed by a period.
The user can enter a new word value as oneto four hexadecimaldigits and press the Enter
key or leave the contents unchanged by pressing the Enter key alone, which also termi-
nates the EW command.If a new value is entered, SYMDEB increments address and dis-
plays the next word value.

Example

To store the word value 1355H at the address DS:1CO0H,type
-EW 1C00 1355 <Enter>
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SYMDEB:F

Fill Memory

Purpose

Stores a repetitive data pattern into an area of memory.

‘Syntax

F range list

where:

range specifies the starting and ending addresses or the starting address and length
of memoryto befilled.

list is the datato be used to fill memory.

Description

The Fill Memory (F) commandfills an area of memory with the data fromalist. The data
can be entered in either hexadecimal or ASCII format. Any data previously stored at the
specified locationsis lost. If SYMDEB displays an error message, no changes are made.

The range parameterspecifies the starting and ending addressesorthestarting address
and hexadecimallength in bytes of the area of memory to befilled. If range does notin-
clude an explicit segment, SYMDEBuses DS.

The /ist parameter is one or more hexadecimal byte values and/orstrings, separated by
spaces, commas,or tab characters. Strings must be enclosed in single or double quotation
marks, andcaseis significant within a string.

If the area to befilled is larger than the datalist, the list is repeated as often as necessary to
fill the area. If the data list is longer than the area of memoryto be filled, the list is trun-
catedto fit.

Examples

To fill the area of memory from DS:0B10H through DS:0B4FH with the value OE8H,type
-F BIO B4F E8 <Enter>

or

-F Bi0 L40 E8 <Enter>

Tofill the 16 bytes of memory beginning at address CS:1FAOHbyreplicating the 2-byte
sequence 0DH 0AH,type

-F CS:1FA0 1FAF OD OA <Enter>

or

-F CS:1FAQ L10 OD OA <Enter>
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Tofill the area of memory from ES:0BOOH through ES:0BFFHbyreplicating the text string
BUFFER, type

-F ES:B00 BFF "BUFFER" <Enter>

or

-F ES:B00 L100 "BUFFER" <Enter>
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SYMDEB: G

Go

Purpose

Transfers execution control from SYMDEBto the target program being debugged.

‘Syntax

Gl=address] [breakO[... break9l]

where:

address is the locationat which to begin execution.
breakO ... break9 specify from 1 to 10 breakpoints.

Description

The Go (G) commandtransfers control from SYMDEBto the target program.If no break-
points are set, the program will execute until it crashes or until it reaches a normalter-
mination, in which case the message Program terminated normally is displayed and
control returns to SYMDEB.(After this message has been displayed, it may be necessary
to reload the program beforeit can be executed again.)

The address parameter can be anylocation in memory. If no segmentis specified,
SYMDEBusesthe target program’s CS register. If address is omitted, SYMDEBtransfers to
the current address in the targetprogram’s CS:IP registers. An equal sign (=) must precede
address to distinguish it from the breakpoints breakO ... break9.

The parameters breakO ... break9 specify from 1 to 10 breakpoints that can be set as part
of the G command. Breakpoints can be placed in any order, because execution stops at the
first breakpoint address encountered, regardless of theposition of that breakpoint in the
list. Each of the breakpoint addresses must contain thefirst byte of an 8086 opcode.
SYMDEBinstalls breakpoints by replacing thefirst byte of the machine instruction at each
breakpoint address with an Interrupt 03H instruction (opcode 0CCH). If the program en-
counters a breakpoint, program execution is suspended and control returns to SYMDEB.
SYMDEBthenrestores the original machine codein the breakpoint locations, displays the
contents of the current registers and flags and the instruction pointed to by CS:IP, and
issues the standard SYMDEBprompt.If the target program executes to completion andter-
minates without encountering any of the breakpoints or is halted by some meansother
than a breakpoint, the Interrupt 03H instructions are not replaced with the original
machine code and the Load File or Sectors (L) command must be used to reload theorigi-

nal program.

The G commandrequiresthat the target program’s SS:SP registers point to a valid stack
that hasat least 6 bytes of stack space available. When the G commandis executed,it
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pushes the target program’s flags and CS andIP registers onto the stack and then transfers
controlto the program with an IRETinstruction. Thus,if the target program’s stackis not
valid or is too small, the system may crash.

The G command also recognizes any sticky breakpoints set with the Set Breakpoint (BP)
command. These sticky breakpoints are not counted as part of the transient breakpoints
specified in the G commandline and are not removedafter a breakpoint has been
encountered.

Examples

To begin execution of the program in SYMDEB’s buffer at location CS:110AH,setting
breakpoints at CS:12FCH and CS:1303H,type
-G =110A 12FC 1303 <Enter>

To resume execution of the program following a breakpoint, type
-G <Enter>

To begin execution at the label main, setting breakpoints at the procedures fopen() and
prinifO, type

-G =.main _fopen _printf <Enter>

Messages

Programterminated normally
The program being debugged executed successfully without encountering any break-
points and performed a normal termination with Interrupt 20H,Interrupt 21H Function
00H,or Interrupt 21H Function 4CH.If any breakpoints wereset, the original program
should be reloaded with the Load File or Sectors (L) command.

Too many breakpoints!
Morethan 10 breakpoints were specified in a Go (G) command.Enter the command again
with 10 or fewer breakpoints. .
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SYMDEB: H
Perform Hexadecimal Arithmetic

Purpose

Displays the sum anddifference of two hexadecimal numbers.

Syntax .
H valuel value2

where:

valuel and value2 are any two hexadecimal numbersin the range 0 through FFFFH.

Description

The Perform Hexadecimal Arithmetic CH) commanddisplays the sum and difference of
two 16-bit hexadecimal numbers — thatis, the result of the operations valuel+value2 and
valuet—value2. If value2 is greater than valuel, SYMDEBdisplaystheir difference as a
two’s complement hexadecimal number. This commandis convenient for performing
quick calculations of addresses and other values during an interactive debugging session.

Examples

To display the sum anddifference of the values 4B03H and 104H,type

-H 4B03 104 <Enter>

This producesthe following display:
4007 49FF

If the addition produces an overflow,the fourleast significant digits are displayed. For
example, the commandline
-H FFFF 2=<Enter>

producesthe following display:

0001 FFFD -

If value? is greater than waluel, the difference is displayed in two’s complement form.For
example, the commandline
-H 12=<Enter>

producesthe following display:

0003 FFFF
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Input from Port

Purpose

Reads and displays 1 byte from an input/output (I/O) port.

Syntax

I port

where:

port is a 16-bit I/O port address in the range 0 through FFFFH.

Description |
The Input from Port () command performs a read operation on the specified I/O port
address and displays the data as a two-digit hexadecimal number.

Warning: This command must be used with caution becauseit involves direct accessto
the computer hardware and no error checking is performed. Input operations directed to
the ports assigned to some peripheral device controllers may interfere with the proper
operation of the system. If no device has been assigned to the specified I/O port orif the
port is write-only, the value that will be displayed by an I commandis unpredictable.

Example

To read and display the contents of I/O port 10AH,type
-I 10A <Enter>

An example of the result of this commandis
FF
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SYMDEB: K
Perform Stack Trace

Purpose

Displays the current stack frame.

‘Syntax

K{number]

where:

number_is the number of parameters supplied to the current procedure.

Description

The Perform Stack Trace (K) commanddisplays the contents of the current stack frame.
Thefirst line of the display shows the name of the current procedure, parameters to the
procedure, and the filename and line numberofthecall to the procedure. The subsequent
lines trace the flow of execution that led to the current procedure.

In cases where SYMDEBcannot determine the numberofparameters for a procedure by
inspection of the stack frame (for.example,if the numberofparameters sent to a proce-
dure varies), the number option can be used in the commandto force the display of one
or more parameters.

The K commandcan be used only on proceduresthatfollow the calling conventions used
by Microsoft high-level-language compilers.

Examples

Assume that a breakpoint has been set within the C libraryprintfO routine, that the
breakpoint has been reached, and that the SYMDEB prompthas reappeared. The
command

-K <Enter>

producesthe following output:

—TEXT: printf (00D4,0000,0000) from .dump.C:108
-TEXT:_dump_para (0000,0000,0FB8) from .dump.C:92
-TEXT:_dump.rec (0FB8,0001,0000,0000) from .dump.cC: 61
~TEXT:_main (?)

In this example, the breakpointed procedure print{Owascalled by the routine
dump_paraQwith three parameters. Dump_paraQOwascalled by dump_recQ, which in
turn was called by mainQ. Because SYMDEBcannotdetermine the depth of the stack
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framefor the routine mainQ, it displays no parametersforit. The display ofat least two
parameters for every procedure can be forced by the command
-K 2 <Enter>

which produces the following example display: .

-TEXT: printf (00D4,0000,0000) from .dump.C:108
—TEXT:_dump_para (0000, 0000,0FB8) from .dump.C:92
—TEXT:_dump_rec (OFB8,0001,0000,0000) from .dump.c:61
_TEXT:_main (0002, 1044)

From a knowledge of C conventions,it follows that the first parameter for mainQ is argc,
or the numberof tokens in the commandline that invoked the program being debugged;
the second parameteris the offset within DGROUPof argu, or an array of pointers to
each token.
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SYMDEB:L
Load File or Sectors

Purpose

Loads a file or individual sectors from a disk.

Syntax

L [address]

or

L address drive start number

where:

address is the starting address in memory that data read from a disk isplaced into.
drive is the decimal number(0-3) of the disk to read (0 = drive A, 1 = drive B,

2 = drive C, 3= drive D).
start is the hexadecimal numberofthefirst sector to load (Q~FFFFH).

number_is the hexadecimal numberof consecutive sectors to load (O-FFFFH).

Description

The Load File or Sectors (L) commandloadsa file or individual sectors from a disk.

When the L commandis entered without parameters or with an addressalone, the file
specified in the SYMDEB commandline or with the most recent Name File or Command-
Tail Parameters (N) commandis loaded from the disk into memory.Ifno segmentis speci-
fied in address, SYMDEBusesCS.If the file’s extension is .EXE,thefile is placed in
SYMDEB’s target program bufferat the load address specified in the .EXE file’s header;if
the file’s extension is .COM,thefile is loaded at offset 100H.CIf for some reason an address
is entered for a .EXE or .COMfile and the address is anything but 100H,an error messageis
displayed; if the address is 100H,it will be ignored.) If the file has a HEX extension, the
HEX file’s starting address is added to address before loadingthefile. If address is not
specified, the .HEXfile is placedat its own starting address. The length ofthefile or, in
the case of a EXEfile, the actual length of the program (the lengthof the file minus the
header)is placedin the target program’s BX and CX registers, with the mostsignificant 16
bits in register BX. ,

The L commandcan also be used to bypass the MS-DOSfile system and obtain direct
access to logical sectors on the disk. The memory address (address), disk drive number
(drive), starting logical sector number(staré), and numberofsectors to read (number)
mustall be specified in the commandline.

Note: The L commandshould not be usedto accesslogical sectors on networkdrives.
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Examples oO

To loadthefile specified in the SYMDEB commandline or in the most recent N command
into SYMDEB’s target program buffer, type
-L <Bnter>

To load eight sectors from drive B, starting at logical sector 0, to memory location CS:0100H
in SYMDEB’s memory buffer, type

-L 100 108 <BEnter>

Messages

Diskerror reading disk X
A hardware-related disk error, such as a checksum error or seek incomplete, was encoun-
tered during the execution of an L command.

File not found

Thefile specified in the most recent N commandcannotbe found.
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SYMDEB: M
Move (Copy) Data

Purpose
Copies the contents of one area of memoryto another.

‘Syntax

M range address

where:

range specifies the starting and ending addressesor the starting address and length
ofthe area of memory to be copied.

address is the first byte of the destination of the copy operation.

Description
The Move (Copy) Data (M) commandcopies data from one location in memory to another
without altering the data in the original location.If the source and destination areas over-
lap, the data is copied in the correct order so that the resulting copy is correct; the data in
the original location is changed only when the two areas overlap.

The range parameter specifies the starting and ending addressesor the starting address
and length of the memory to be copied. The address parameteris the first byte in which
the copy will be placed. If range does not contain an explicit segment, SYMDEB uses Ds;
if address does not contain a segment, SYMDEB uses the same segmentused for range.

Example

To copy the data in locations DS:0800H through DS:08FFHto locations DS:0900H through
DS:09FFH,type
-M 800 8FF 900 <Enter>

or

-M 800 L100 900 <Enter>
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Name File or Command-Tail Parameters

Purpose

Inserts parameters into the simulated program segment prefix (PSP).

Syntax

Nparameter|parameter...)
where:

parameter is a filenameor switch to be placed into the simulated PSP.

Description

The NameFile or Command-Tail Parameters (N) commandis used to enter one or more

parameters into the simulated PSP that is built at the base of the buffer holding the pro-
gram to be debugged. The N commandcan also be used before the Load File or Sectors (1)
and Write File or Sectors (W) commandsto namea file to be read from a disk or written
to a disk.

The count ofthe characters following the N commandis placed at DS:0080H in the simu-
lated PSP and the characters themselves are copied into the PSP starting at DS:0081H. The
string is terminated by a carriage return (ODH), which is not included in the count.If the
second andthird parametersfollow the naming conventions for MS-DOSfiles, they are
parsedinto the default file control blocks (FCBs) in the simulated PSP, at offset 5CH and
offset 6CH, respectively. Note thatthis is different from the N command in DEBUG,which
loadsthefirst and second parameters into the default FCBs. (Switches and otherfilenames
specified as parameters are stored in the PSP starting at offset 81H along with therest of
the commandline but are not parsed into the default FCBs.)

If the N commandline contains only one filename, any parameters placedin the default
FCBs by a previous N commandare destroyed.If the drive included with the secondfile-
name parameteris invalid, the AL register is set to OFFH.If the drive included with the
third filename parameteris invalid, the AH registeris set to OFFH. The existenceofa file
specified with the N commandis notverified until it is loaded with the L command.

Thefilename at DS:0081H specifies the file that is read or written by a subsequent L or W
command,

Example

Assume that SYMDEB wasstarted without specifying the nameofa target program in the
commandline. To load the program CLEAN.COMfor execution underthe control of
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SYMDEBandinclude the parameter MYFILE.DATin the simulated PSP’s commandtail
. and FCB,use the N and L commandstogetherasfollows:

-N CLEAN.COM MYFILE.DAT <Enter>
-L <Enter>

_ To execute the program CLEAN.COM,type
-G <Enter>

Theneteffect is the sameas if the CLEAN.COM program had been run from the MS-DOS
commandlevel with the commandline

C>CLEAN MYFILE.DAT <Enter>

except that the program is executing under the control of SYMDEB and within SYMDEB’s
memory buffer.
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Output to Port

Purpose

Writes 1 byte to an input/output (I/O)port..

Syntax

O port byte
where:

port is a 16-bit I/O port address in the range 0 through FFFFH.
byte is a value to be written to the I/O port (OQ-OFFH).

Description

The Output to Port (O) command writes 1 byte of data to the specified 1/O port address.
The data value must be in the range 00H through OFFH.

Warning: This command must be used with caution becauseit involves direct access to
the computer hardware and no error checking is performed. Attempts to write to some
port addresses, such as those for ports connected to peripheral device controllers, timers,
or the system’s interrupt controller, may cause the system to crash or may even result in
damageto data stored on disk.

Example

To write the value C8H to I/O port 10AH,type
-~O 10A C8 <Enter>
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SYMDEB:P
Proceed Through Loop or Subroutine

Purpose

Executesa loop,string instruction, software interrupt, or subroutine to completion.

Syntax

Pl=address| [number]

where:

address isthe location ofthe first instruction to be executed.

number—is the numberofinstructions to execute.

Description

The Proceed Through Loop or Subroutine (P) commandtransfers controlto the target pro-
gram. The program executes withoutinterruption until the loop, repeated string instruc-
tion, software interrupt, or subroutine call at address is completed or until the specified
numberofmachine instructions have been executed. Control then returns to SYMDEB

and the current contentsof the target program’s registers andflags are displayed.

Warning: The P command should not be used to execute any instruction that changes the
contents of the Intel 8259 interrupt mask (ports 20H and 21H on the IBM PC and compat-
ibles) and cannot be usedto trace through ROM.Use the Go (G) commandinstead.

If the address parameter does not contain a segment, SYMDEB usesthe target program’s
CS register; if address is omitted, execution begins at the current address specified by the
target’s CS:IP registers. The address parameter must be preceded by an equalsign (=) to
distinguish it from number.

The number parameter specifies the numberof instructions to be executed before control
returns to SYMDEB.If number is omitted, one instruction is executed.

Whenthe Enable Source Display Mode (S+) commandis selected, the P command oper-
ates directly on source-codelines, passing over function or procedurecalls. (The S+ com-
mand can be used only with programs created by high-level-language compilers that
insert line-numberinformation into object modules.) ,

When source display modeis disabled with the S~ commandor when the program being
debugged does not have a .SYMfile or has been created with the Microsoft Macro Assem-
bler (MASM)or with a compiler that does not supportline numbersin relocatable object
modules, the P command behaveslike the Trace Program Execution (T) command except
that when P encounters a loop, repeatedstring instruction, software interrupt, or sub-
routinecall, it executes it to completion and then returns to the instruction following the
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call. For example,if the user wants to trace thefirst three instructions in a program andif
the second instruction is a subroutine call, a P3 commandexecutesthefirst instruction,
goesto the secondinstruction, identifies it as a CALL instruction, jumpsto the subroutine
and executes the entire subroutine, comes back and executes the third instruction, and
then stops. A T3 command,on the other hand, executesthefirst instruction, executes the
second, executesthe first instruction of the subroutineasits third instruction, and then

. stops. If the instruction at address is not a loop, repeated string instruction, software inter-
rupt, or subroutine call, the P command functionsjustlike the T command.After each.
instruction is executed, SYMDEBdisplays the current contents of the target program’s
registers and flags and the next instruction to be executed.

Examples

1120

Assumethat the program being debugged was compiled with Microsoft C, a SYMfile was
loaded with the executable program to provide line-numberinformation, and source-code
display has been enabled with the S+ command. To execute the machineinstructions cor-
responding to the next fourlines of source code, type
-P 4 <Enter>

Assumethat the target program was created with MASM andlocation CS:143FH contains a
CALLinstruction. To execute the subroutinethat is the destination of CALL at full speed
and then return control to SYMDEB,type
-P =143F <Enter>
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SYMDEB: Q
Quit

Purpose

Ends a SYMDEBsession.

Syntax

Q

Description

 
The Quit (Q) command terminates the SYMDEB program and returnscontrol to MS-DOS
or the commandshell that invoked SYMDEB. Any changes madeto a program orotherfile
that were not previously saved to disk with the Write File or Sectors (W) commandarelost
when the Q commandis used.

Example

To exit SYMDEB,type

-Q <Enter>
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SYMDEB:R-
Display or Modify Registers

Purpose

Displays oneorall registers and allowsa register to be modified.

Syntax

R

or

R register [[=] value]

where:

register is the two-character nameof an Intel 8086/8088 register from the following
list:

AX BX CX DX SP BP SI DI
DS ES SS CS IP PC

or the characterF, to indicate the CPU flags.

= is an optional equal sign preceding value.
value is a 16-bit integer (0-FFFFH)that will be assigned to the specified register.

Description

The Display or Modify Registers (R) commandallowsthe target program’s register con-
tents and CPU flags to be displayed and modified.

If R is entered without a register parameter, the current contentsofall registers and CPU
flags are displayed, followed by a disassembly of the machineinstruction currently
pointedto by the target program’s CS:IP registers.

A register can be assigned a new value in a single commandbyentering both register and
value parameters, optionally separated by an equalsign (=). Ifa register is named but no

l value is supplied, SYMDEBdisplays the current contents of the specified register and then
i prompts with a colon character(:) for a new valueto be placedin the register. The user
i can enter the value in any valid radix or as an expression and then press the Enter key. If

no radix is appendedto the new value, hexadecimal is assumed.If the user presses the En-
ter key alone in response to the prompt, no changes are madeto the register contents. 
Note: The PC register nameis not supported properly in some versions of SYMDEB,so the
IP register name should always be used instead.
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FlagName ValueIfSet (1) Value IfClear (0)

Overflow OV (Overflow) NV (No Overflow)

Direction DN (Down) UP (Up)
Interrupt EI (Enabled) DI (Disabled)
Sign NG (Minus) PL (Plus)
Zero ZR (Zero) NZ (Not Zero)

Aux Carry AC (Aux Carry) NA (No AuxCarry)
Parity PE (Even) PO (Odd)
Carry CY (Carry) NC (No Carry)

After displaying the current flag values, SYMDEBagain displays its prompt (). Anyorall
of the individual flags can then be altered by typing one or more two-characterflag codes
(in any order and optionally separated by spaces) from the list above and then pressing
the Enterkey. If the user responds to the prompt by pressing the Enter key without enter-
ing any codes, no changes are madeto thestatus of the flags.

 
Examples

To display the current contents of the target program’s CPU registers and flags, followed
by the disassembled mnemonic for the next instruction to be executed (pointed to by
CS:IP), type

-R <Enter>

This producesthe following display:
Ax=0000 BxX=0000 CxX=00A1 DX=0000 SP=FFFE BP=0000 SI=0000 bDI=0000

DS=19A5 ES=19A5 SS=19A5 CS=19A5 IP=0100 NV UP EI PL NZ NA PO NC
19A5:0100 Br8s000 MOV DI, 0080

If the source display mode is enabled, the R commanddisplays the following:

AX=0000 BX=1044 CXx=0000 Dx=0102 SP=103C BP=0000 SI=00EBA DI=115E

DS=2143 ES=2143 SS=2143 CS=1F6R IP=0010 NV UP EI PL ZR NA PE NC
32: int argc;
~TEXT:_main:
1F6E:0010 55 PUSH BP 7 BRO

This format includes the source code that corresponds to the next instruction to be
executed.

To set the contents of register AX to FFFFH without displaying its current value, type
-R AX=FFFF <Enter>

or

-R AX -1 <Enter>
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To display the current value of the target program’s BX register, type
-R BX <Enter>

If BX contains 200H, for example, SYMDEBdisplays that value and then issues a prompt in
the form of a colon:

BX 0200

The contents of BX can then bealtered by typing a new value and pressing the Enter key,
or the contents can beleft unchanged by pressing the Enter key alone.

To set the direction and carry flags, first type
-R F <Enter>

SYMDEBdisplays the current flag values, followed by a prompt in the form of a hyphen
character(-). For example:
NV UP EI PL NZ NA PO NC -

The direction and carry flags can then be set by entering
-DN CY <Enter>

on the sameline as the prompt.

Messages

Bad Flag!
An invalid code for a CPU flag was entered.

BadRegister!
An invalid register name was entered.

Double Flag!
Two valuesfor the same CPU flag were entered in the same command.
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SYMDEB: S

Search Memory

Purpose

Searches memoryfor a pattern of one or more bytes.

‘Syntax

S range list

where:

range is the starting and ending addressorthe starting address and length in bytes of
the area to be searched.

list is one or more byte valuesor a string to be searchedfor.

Description

The Search Memory (S) command searches a designated range of memoryfor a sequence
of byte values ortext strings and displays the starting address of each set of matching
bytes. The contents of the searched area are notaltered.

The range parameter specifies the starting and ending address orthe starting address and
length in bytes of the area to be searched.If a segmentis not included in range, SYMDEB
uses DS. If a segmentis specified only for the starting address, SYMDEB usesthe same seg-
mentfor the ending address. If a starting address and length in bytes are specified, the
starting address plus the length less 1 cannot exceed FFFFH.

The /ist parameteris one or more hexadecimal byte values and/orstrings separated by
spaces, commas, or tab characters. Strings must be enclosedin single or double quotation
marks, and caseis significant within a string.

Examples

To searchfor the string Copyright in the area of memory from DS:0000H through
DS:1FFFH,type

-S 0 1FFF 'Copyright' <Enter>

or

-S 0 L2000 "Copyright" <Enter>

If a match is found, SYMDEBdisplays the address of each occurrence:

20A8:0910
20A8:094F
20A8:097C
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To searchfor the byte sequence 3BH OGH in the area of memory from CS:0100H through
CS:12A0H,type

-S CS:100 12A0 3B 06 <Enter>

or

-§ CS$:100 LI1A1 3B 06 <Enter>
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SYMDEB:S+

Enable Source Display Mode

Purpose

Displays source-codelines, rather than machineinstructions.

Syntax .
S+

Description

The Enable Source Display Mode (S+) commandaffects the display format ofcertain
SYMDEB commands: Proceed Through Loop or Subroutine (P), Trace Program Execution
(T), and Display or Modify Registers CR). The S+ commandcausessource code, rather than
disassembled machineinstructions, to be displayed by those commands.

The S+ commandis useful onlyif the program being debugged was created with a high-
level-language compiler capable of placing line-numberinformationinto the relocatable
object modules processed by the Microsoft Object Linker (LINK). When debugging
Microsoft Macro Assembler (MASM) programs or programs generated by language com-
pilers that do not pass line-numberinformation to LINK, the $+ commandhasnoeffect.

Example

To enablethe display of source-code statements during debugging, type
-S+ <Enter>
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SYMDEB:S—

Disable Source Display Mode.

Purpose

Displays disassembled machineinstructions, rather than source-codelines.

Syntax |
Ss-

Description

The Disable Source Display Mode (S—) commandaffects the display formatof certain
SYMDEB commands: Proceed Through Loop or Subroutine (P), Trace Program Execution
(T), and Display or Modify Registers (R). The S— commandcauses disassembled machine
instructions, rather than source code, to be displayed by those commands. By default,
SYMDEBdisplays disassembled machineinstructions when debugging Microsoft Macro
Assembler (MASM) programsor programsgenerated by language compilers that do not
pass line-numberinformation to the Microsoft Object Linker (LINK),

Example

To disable the display of source-code statements during debugging, type
-S- <Enter>
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SYMDEB: S&

Enable Source and Machine Code Display Mode

|

|

Purpose

Displays both source-code lines and disassembled machineinstructions.

Syntax
S&

Description

The Enable Source and Machine Code Display Mode (S&) commandaffects the display
format of certain SYMDEB commands: Proceed Through Loopor Subroutine (P), Trace
Program Execution (T), and Display or Modify Registers (R). The S& command causes
both the disassembled machine instructions and the corresponding source-codelines to
be displayed by those commands.

The S& commandis useful only if the program being debugged was created with a high-
level-language compiler capable of placing line-numberinformation into the relocatable
object modules processed by the Microsoft Object Linker (LINK). When debugging
Microsoft Macro Assembler (MASM)programsor programs generated by language com-
pilers that do not pass line-numberinformation to LINK, the $& command hasnoeffect.

Example

To enable the display of both source-code statements and disassembled machine-code
statements during debugging,type
-S& <Enter>
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SYMDEB: T

Trace Program Execution

Purpose

Executes one or more machineinstructions in single-step mode.

Syntax
Tl=address] [number]

where:

address_isthe location ofthefirst instruction to be executed.

number—isthe numberof machine instructions to be executed.

Description

The Trace Program Execution (T) commandexecutes one or more machine instructions,
starting at the specified address. If source display mode has been enabled with the S+
command,each trace operation executes the machine code corresponding to one source
statementand displays the lines from the source code.If source display mode has been
disabled with the S- command,each trace operation executesan individual machine in-
struction anddisplays the contents of the CPU registers andflags after execution.

Warning: The T commandshould not be used to execute any instruction that changes the
contents of the Intel 8259 interrupt mask (ports 20H and 21H on the IBM PC and compat-
ibles). Use the Go (G) commandinstead.

The address parameterpointsto thefirst instruction tobe executed. If address does not
include a segment, SYMDEBusesthe target program’s CSregister; if address is omitted
entirely, execution is begun at the current address specified by the target program’s CS:IP
registers. The address parameter must be preceded by an equal sign (=) to distinguishit
from number.

The number parameter specifies the hexadecimal numberof source-code statements
or machine instructions to be executed before the SYMDEB promptis displayed again
(default = 1). If source display modeis enabled, the number parameter is required. Execu-
tion of a sequenceof instructions using the T command can be interrupted at any time by
pressing Ctrl-C or Ctrl-Break and can be paused by pressing Ctrl-S (pressing any key
resumesthetrace). 

Examples
To execute one instruction at location CS:1A00H andthen return control to SYMDEB,

displaying the contents of the CPU registers and flags, type
-T =1A00 <Enter>
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Consecutive instructions can then be executedby entering repeated 'T commandswith no
“| parameters. , .

If source display mode has been enabled with a previous $+ command, to begin execution
at the label main and continue through the machine code correspondingto four source-
code statements, type
-T =_main 4 <Enter>
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SYMDEB: U

Disassemble (Unassemble) Program

Purpose

Disassembles machine instructions into assembly-language mnemonics.

Syntax

U [range]

where:

range specifies the starting and ending addressesorthe starting address and the
_ numberofinstructions of the machine codeto be disassembled.

Description

The Disassemble (Unassemble) Program (U) commandtranslates machine instructions
into their assembly-language mnemonics.

The range parameter specifies the starting and ending addresses orthe starting address
and numberof machineinstructions to be disassembled. If range doesnot include an
explicit segment, SYMDEB usesCS. Note that the resulting disassembly will be incorrectif
the starting address doesnotfall on an 8086instruction boundary.

If range does not include the numberof machineinstructions to be executed or an ending
address, eight instructions are disassembled. If range is omitted completely, eight instruc-
tions are disassembledstarting at the address following the last instruction disassembled
by the previous U command,if a U commandhas been used; if no U commandhas been
used, eight instructions are disassembledstarting at the address specified by the current
value ofthe target program’s CS:IP registers.

The display format for the U command depends on the current source display modeset-
ting and on whether the program was developed with a compatible high-level-language
compiler, If the source display mode setting is S— or the program was developed with the
Microsoft Macro Assembler (MASM)or a noncompatible high-level-language compiler, the
display contains only the address and the disassembled equivalentofeach instruction
within range. (For 8-bit immediate operands, SYMDEBalso displays the ASCII equivalent
as a commentfollowing a semicolon.) If the setting is S+ or S& and a compatible symbol
file containing line-numberinformation was loaded with the program being debugged,
the display contains both the source-codelines and their corresponding disassembled
machineinstructions. -

Note: The 80286instructionsthat are considered privileged when the microprocessoris
running in protected mode are not supported by SYMDEB’s disassembler.
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Examples

To disassemble four machine instructionsstarting at CS:0100H,typea

-U 100 L4 <Enter>

_ This producesthe following display:
44pc:0100 EC IN AL,DX
44DC:0101 B80200 MOV —-AX, 0002
44DC:0104 £86102 CALL 0368

44DC:0107 57 PUSH DI

Successive eight-instruction fragments of machine code can be disassembled by entering
additional U commands without parameters.

When a program is being debugged with a symbolfile that contains line-numberinforma-
tion and source display mode has been enabled, disassembled machine code is accom-
panied by the corresponding source code:

43: if (arge != 2)
28A5:0031 837E0402 CMP Word Ptr [BP+04],+02
28A5:0035 7503 JNZ -Main+2A (003A)

28A5:0037 £91400 JMP _main+3E (0045)
44; { fprintf£(stderr,"\ndump: wrong number of parameters\n") ;
28A5:003A B83600 MOV AX, 0036 :
28A5:003D 50 PUSH AX

28A5:003E B8F600 MOV AX, 00F6
28A5:0041 50 PUSH AX

28A5:0042 E8Ac04 CALL _fprintf
28A5;:0045 83C404 ADD SP,+04
45: return(1);
28A5:0048 B80100 MOV AX, 0001
28A5:004B E9AA00 UMP —MaintE8 (00F8}
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SYMDEB: V
View Source Code

Purpose

Displays lines from the source-codefile for the program being debugged.

Syntax |
V address [length]

or

V L.sourcefile:linenumber|

where:

address is the location of an executable instruction in the target program.
length is an ending address or the numberof source-codelines.
sourcefile is the base nameofthe sourcefile of the program being debugged, pre-

ceded by a period (.).
linenumber_is thefirst literal line numberof .sourcefile to be displayed.

Description
The View Source Code (V) command displays lines of source code for the program being
debugged, beginningat the location specified by address. If address does not include a
segment, SYMDEBusesthe target program’sCS register.

The optional length parameter can be an ending address or an L followed by a hexadeci-
mal numberof source-codelines.If length is not specified, eight lines of source code are
displayed.

If the .sourcefile parameteris specified, followed by a colon character (:) and a line num-
ber, eight lines of source codeare displayed, starting at linenumber. If the V commandis
entered without parameters after the .sourcefile:linenumber parameter has been speci-
fied, eight lines are displayed from the current source file, beginning with theline after the
last line displayed with the V command. The .sourcefile parameter must be the nameof a
high-level-language sourcefile in the current directory. Pathnames and extensionsare not
supported. The Jength option cannot be used with the .sourcefile parameter.

Warning: Specifying a file that does not exist in the current directory may cause the sys-
tem to crash.

The V command can be used only with programscreated by a high-level-language com-
piler that is capable of placing line-numberinformation into the relocatable object modules

processed by the Microsoft Object Linker (LINK). The current source display mode setting
(S-, S+, or S&) has no effect on the V command.
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Examples

Assumethat the program DUMP.EXEis being debuggedwiththeaid ofthe symbolfile
DUMP.SYM andthat the sourcefile DUMP.C is available in the current directory. To display
eight lines of source code beginning at the label_main, type
-V _main <Enter>

This producesthe following output: 32: aint arge;
33: char *argv[];
34:

35: { FILE *dfile; /* control block for input file */
36: int status = 0; /* status returned from file read */
37: int file_rec = 0; /* file record number being dumped */
38: long filetptr = OL; /* file byte offset for current rec */
39: char file_buf [REC_SIZE]; /* data block from file */

To view eightlines of source code from thefile DUMP.C, beginning with line 20, type
-V..DUMP:20 <Enter> ,

Message

Sourcefile forfilename (cr for none)?
The current directory does not contain the sourcefile specified with the .sourcefile
parameter. Enter the correct filename or press Enter to indicate no sourcefile.
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SYMDEB: W

Write File or Sectors

Purpose

_ Writes a file or individual sectors to disk.

Syntax

W [address]

or

W address drive start number

where:

address isthefirst location in memory of the data to be written.
drive is the numberof the destination disk drive (0 = drive A, 1 = drive B, 2 = drive

C, 3 = drive D). ;
start is the numberofthe first logical sector to be written (0 -FFFFH).
number_is the numberof consecutive sectors to be written (0—FFFFH).

Description

The Write File or Sectors (W) commandtransfers a file or individual sectors from memory
to disk.

When the W commandis entered without parameters or with an address alone, the num-
berof bytes specified by the contents of registers BX:CX are written from memoryto the
file named by the most recent NameFile or Command-Tail Parameters (N) commandor to
the first file specified in the SYMDEB commandlineif the N commandhasnot been used.

Note: If a Go (G), Proceed Through Loop or Subroutine (P), or Trace Program Execution
(T) command waspreviously used or the contents of the BX or CX registers were changed,
BX:CX must be restored before the W commandis used.

When address is not included in the command line, SYMDEBusesthe target program’s
CS:0100H.Files with a .EXE or HEX extension cannot be written with the W command.

The W command can also be used to bypass the MS-DOSfile system and obtain direct
accessto logical sectors on the disk. To use the W commandin this way, the memory
address (address), disk unit number (drive), starting logical sector number(siari), and
numberofsectors to be written (number) mustall be provided in the commandline in
hexadecimal format.

Warning: Extreme caution should be used with the W command.Thedisk’s file structure
can easily be damagedif the commandis entered incorrectly. The W command should not
be used to write logical sectors to network drives.
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Example

Assumethat the interactive Assemble MachineInstructions (A) commandwasused to
create a program in SYMDEB’s memorybufferthatis 32 (20H) bytes long, beginning at
offset 100H. This program can be written into the file QUICK.COM by sequential use of
the NameFile or Command-Tail Parameters (N), Display or Modify Registers (R), and Write
File or Sectors (W) commands.First, use the N commandto specify the name ofthefile to
be written: :

-N QUICK.COM <Enter>

Next, use the R commandto set registers BX and CX to the length to be written. Register
BX contains the upperhalf or mostsignificant part of the length; register CX contains the
lowerhalf or least significant part. Type
-R CX <Enter>

SYMDEBdisplays the current contents of register CX and issues a colon character(:)
prompt . Enter the length after the prompt:
:20 <Enter>

To use the R commandagain to set the BX register to zero, type
-R BX <Enter>

Then type

:0 <Enter> '

To create the disk file QUICK.COM and write the program intoit, type

-W <Enter> ,

SYMDEBresponds:

Writing 0020 bytes

Messages

EXE and HEXfiles cannot be written

Files with aEXE or HEX extension cannot be written to disk with the W command.

Writing nnnn bytes
After a successful write operation, SYMDEBdisplays in hexadecimal format the numberof
bytes written to disk.
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- SYMDEB: X

Examine Symbol Map

Purpose

Displays names and addresses in the symbol maps.
Syntax

Xf+]

or

X? [map!] [segment] [symbol]

where:

map! is the nameofa symbolfile, without the .SYM extension, followed by an
exclamation point ©.

segment: is the name of a segmentwithin the currently open or specified map, followed
by a colon character(:).

symbol isa symbol name within the specified segment.

Description

The Examine Symbol Map (X) commanddisplays the addresses and namesof symbols in
the currently open symbol maps. (SYMDEB maintains a symbol map for each symbolfile
specified in the SYMDEB commandline.)

If the X commandis followed by the asterisk wildcard character (+), the map names,
segment names, and segmentaddressesforall currently loaded symbol mapsare dis-
played. If X is entered alone,the information is displayed only for the active symbol map.

Information from the symbol maps can be displayed selectively by following the X? com-
mand with the map!, segment:, and symbol parameters. The three parameters may be

usedindividually or in combination, butat least one parameter mustbe specified.
The map! parameter must be terminated by an exclamation point and consists of the
name, without the extension, of a previously loaded symbolfile. If map! is omitted,
SYMDEBusesthe currently open symbol map. If more than one .SYMfile is specified
in the commandline, the one with the same nameas the program being debuggedis
openedfirst.

The segment: parameter must be terminated with a colon;it is the name of a segment
declared within the specified or currently open symbol map.

The symbol parameteris the nameofa label, variable, or other object within the specified
segment. ;

Anyorall parameters can consist of or include the asterisk wildcard character. For exam-
ple, X?* displays everything in the current map.
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Examples

Assumethat the program DUMP.EXEis being debugged with the symbolfile DUMP.SYM.
If the following is typed
~K <Enter>

SYMDEBdisplays:

(456E DUMP]
[456E _TEXT]
4743 DGROUP

This indicates that the program contains one executable code segment (named _TEXT),
which is loaded at segment 456EH, and one NEAR DATA group and segment (named
DGROUP), whichis loaded at segment 4743H.

To display the addressesofall procedures in the same example program whose names
begin with the characterf type
-X? TEXT: F* <Enter>

This produces the followinglisting:

—TEXT: (456E)

0428 _fclose 04CB _fopen 04F1 _fprintf£
0528 fread OACB _fflush OBC2 _free
19AD _flushall

Note: Unlike the Microsoft C Compiler, SYMDEBis not casesensitive.
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SYMDEB: XO

Open Symbol Map

Purpose

Selectsthe active symbol map and/or segment.°

Syntax

XO [map] [segment]

where:

map! is the nameof a symbolfile, without the SYM extension, followed by an
exclamation point(!).

segment is the nameof the segment that will become the active segment in the current
symbol map.

Description

The Open Symbol Map (XO) commandselects the active symbol map and/or the active
segment within the current symbol mapto be used during debugging.

The optional map! parameter must be terminated by an exclamation point and must be
the name, without the extension, of a symbolfile specified in the original SYMDEB com-
mandline. If map! is omitted, no changes are madeto the active symbol map.

The optional segment parameter must be the nameof a segment within the current or
specified symbol map. All segments in the active symbol mapare accessible, the active
segmentis searchedfirst for symbols specified in other SYMDEB commands. If segmentis
omitted and a new active symbol mapis specified, the segment with the smallest address
in the new active symbol map will becomethe active segment.

Examples

Assumethatthe program SHELL.EXEhas been loaded with the two symbolfiles
SHELL.SYM and VIDEO.SYM.To use the information loaded from VIDEO.SYM asthe

active symbol map for debugging, type
-XO VIDEO! <Enter>

Subsequententry of the command

-XO _TEXT <Enter>

causes the segment _TEXT within the symbol map VIDEOto be searchedfirst for symbol
names. ; ;

Message

Symbolnot found
The specified symbol map or segment doesnotexist.

1140=The MS-DOS Encyclopedia .

 
OLYMPUSEX. 1010 - 1150/1582



OLYMPUS EX. 1010 - 1151/1582

 
SYMDEB:Z 

SYMDEB:Z

Set Symbol Value

Purpose

Assigns a value to a symbol.

Syntax

Zlmap!'] symbol value

where:

map! is the name of a symbolfile, without the .SYM extension, followed by an ex-
clamation point(!).

symbol is an existing symbol namein the active symbol mapor in the symbol map
specified by map!.

value is the new address of symbol (0-FFFFH).

Description

The Set Symbol Value (Z) command allows the address associated with a name in one of
the loaded symbol mapsto be overridden by a new value.

Note that altering the address of a symbol at debugging time will not affect other addresses
or values that were derived from the value of the same symbolat compilation or assembly
time.

The optional map! parameter must be terminated by an exclamation point and must be
the name, without the extension, of a symbolfile specified in the original SYMDEB com-
mandline. If map! is omitted, SYMDEBusesthe active symbol map.

The symbol parameter specifies the nameofalabel, variable, or other object in map! or
the active symbol map.

The value parameter specifies a new address to be associated with symbol.

To debug programs created with older versions of FORTRANandPascal (Microsoft ver-
sions earlier than 3.3 or IBM versionsearlier than 2.0), the user must start SYMDEB,locate
the first procedure of the program being debugged, and then use the Z command toset
the address of DGROUPto the current value of the DSregister. (Later versions of
FORTRANandPascal do this by default.)
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Examples

To change the segmentaddress for the symbol DGROUPto 5000H,type
-2 DGROUP 5000 <Enter>

Theactual data associated with the label DGROUP must be movedto the new address

before debugging can continue.

To change the segment address for the symbol CODEin the inactive symbol map COUNT
to OFOOH,type

-Z COUNT! CODE FOQ <Enter>
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SYMDEB:<

Redirect SYMDEBInput

Purpose

Redirects input to SYMDEB.

Syntax

< device

where:

device is the nameof any MS-DOSdeviceorfile.

Description

The Redirect SYMDEB Input (<) command causes SYMDEBto read its commands from
the specified text file or character device, rather than from the keyboard (CON).

The device parameter specifies the name of any MS-DOSdevice orfile from which com-
mandswill be read. If the device parameteris a filename,the file must be an ASCII text
file and each commandin the file must be on a separate line.

If input will be taken from a terminal attached to oneof the serial communications ports

(AUX, COM1, or COM2), the port must be properly configured with the MODE commandbefore the SYMDEBsession is started.

When SYMDEB commandsare redirected fromafile, the last entry in the file must be
either the < CON command, which restores the keyboard as the input device, or the Quit
(Q) command. Otherwise, SYMDEBwill lock andthe system will have to be restarted.

Examples

Assumethat the textfile FILL.TXT containsthe following SYMDEB commands:
F CS:0100 L100 00
D CS:0100 L100
R

Q

To process FILL.TXT during a SYMDEBsession (which in turn exits SYMDEB with the
Quit [Q] command), type

-< FILL.TXT ‘<Enter>
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Assume that the text file SEARCH.TXTcontains the following SYMDEB commands:
S BUFFER L2000 "error"
< CON

To process SEARCH.TXT during a SYMDEBsession and return control to the console, type ~
-< SEARCH.TXT <Enter>
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SYMDEB:> 

SYMDEB:>
Redirect SYMDEB Output

Purpose

Redirects SYMDEB’s output to a deviceorfile.

Syntax |
> device

where:

device is the name of any MS-DOSdeviceorfile.

Description

The Redirect SYMDEB Output (>) command causes SYMDEBto send all its messages to
the specified deviceorfile, rather than to the video display (CON). Thisis useful for creat-
ing a record of a debugging session that can be viewed later with an editor or listed ona
printer.

After SYMDEBoutputis redirected, commands typed on the keyboard are not echoed to
the video display. Therefore, the user must know in advance which commandsto use and
which parameters to supply.

The device parameter specifies the name of an MS-DOSdeviceorfile to receive
SYMDEB’s output. If output will be redirected to one of the serial communications ports
(AUX, COMI, or COM2), the port must be properly configured with the MODE command
before the SYMDEBsessionis started.

Output can berestored to the video display by entering the > CON commandorbyter-
minating SYMDEB with the Quit (Q) command. ,

Examples —

To cause SYMDEBto sendall prompts and messagesto thefile SESSION.TXT,type
-> SESSION.TXT <Enter>

After this command, new commandsarestill accepted by SYMDEB,but the keypresses
are not echoedto the screen until the command

-> CON <Enter>

is entered or SYMDEBis terminated with the Quit (Q) command.

To cause SYMDEBto sendall its prompts and messagesto the standard printing device,
PRN,type

-> PRN <Enter>
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SYMDEB:=

Redirect SYMDEBInput and Output

Purpose

Redirects both input and outputfor SYMDEB.
Syntax

= device

where:

device is the name of any MS-DOSdevice.

Description

The Redirect SYMDEB Input and Output (=) command causes SYMDEBto readits
commandsfrom and sendits output to the specified device, rather than reading from the
keyboard and sending outputto the video display (CON). This commandis especially use-
ful for debugging programsthat run in graphics mode; the SYMDEB commandscan be en-
tered on a terminal attachedto the computer’s serial port while the graphics program has |
the full use of the system’s video display.

;

The device parameter specifies the name of any MS-DOSdevice. If input and outputwill
be redirected to oneofthe serial communications ports (AUX, COM1, or COM2), the port
must be properly configured with the MODE commandbefore the SYMDEBsessionis.
started.

Input and output can be restored to the standard settings with the = CON command.

Example

To redirect SYMDEB’s input and outputto the first serial communications port (COM),
type

-= COMi <Enter>
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SYMDEB:{
Redirect Target Program Input

|

Purpose

Redirects input to the program being debugged.
Syntax

{ device

| where:

device is the name of any MS-DOSdeviceorfile.

Description

The Redirect Target Program Input ({) commandcauses read operations by the program
being debuggedto be taken from the specified file or device when the program is exe-
cuted, rather than from the keyboard (CON).

' The device parameter specifies the name of an MS-DOSdeviceorfile from which the
target program will read. If the device parameteris a filename, the file must be an ASCII
text file and each commandin thefile must be on a separateline.

If input will be taken froma terminal attachedto oneof the serial communications ports
(AUX, COMI, or COM2), the port must be properly configured with the MODE command
before the SYMDEBsessionis started. ,

Example

To cause input for the program being debuggedto be taken from thefile TEST.TXT,type

-{ TEST.TXT <Enter>
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SYMDEB: }
Redirect Target Program Output

Purpose

Redirects the output of the program being debugged.
Syntax .

} device

where:

device is the name of any MS-DOSdeviceorfile.

Description

The Redirect Target Program Output ()) commandcauses write operations by the pro-
gram being debugged to be redirected to the specified device or file when the program is
executed, rather than to the video display (CON). This is usefulfor capturing the output of
a program inafile for later listing on a printer.

The device parameter specifies the name of an MS-DOSdeviceorfile to receive the target
program’s output. If output will be redirected to oneofthe serial communications ports
(AUX, COMI, or COM2), the port must be properly configured with the MODE command
before the SYMDEBsessionis started.

Example ,

To send the output from the program being debuggedto thefile SESSION.TXT, type

-} SESSION.TXT <Enter>
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SYMDEB:~
Redirect Target Program Input and Output

Purpose

Redirects both input and outputfor the program being debugged.

‘Syntax

~ device

 
where:

é device is the name of any MS-DOSdevice.

 
Description

The Redirect Target Program Input and Output (~) commandcausesall read and write
operations by the program being debuggedto be redirected to the specified character
device.

The device parameter specifies the name of an MS-DOSdevice that the target program
will read from and write to. If input and output are redirected to one of the serial commu-
nications ports (AUX, COM1, or COM2), the port must be properly configured with the
MODEcommandbefore the SYMDEBsessionis started.

Example

To redirect input and outputfor the program being debuggedto thefirst serial communi-
cations port (COMD),type
-~ COM1 <Enter>
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SYMDEB:\

Swap Screen

Purpose

Exchanges the SYMDEB display for the target program’s display.

Syntax

\

Description

The Swap Screen (\) commandcauses the SYMDEBstatus display to. be exchangedfor the _
virtual screen used by the program being debugged.After the program’s output has been
inspected on the virtual screen, the SYMDEBdisplay can be restored by pressing any key.
This commandis useful for debugging programs that perform direct screen access or run
in graphics mode.

Note: Any information on the display when SYMDEB was invokedwill also appear on the
virtual screen. When SYMDEBis terminated, the current displayis set to match thevirtual
screen.

The Swap Screen commandis available only if the /S switch (or the /I switch,if the com-
puter is IBM compatible) preceded the namesof the symbol and program files in the origi-
nal SYMDEB commandline.

Example

To exchange the SYMDEBstatusdisplay for the virtual screen of the program being
debugged, type

-\ <Enter>

To restore the SYMDEBdisplay, press any key.
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SYMDEB:.
Display Source Line

Purpose

Displays the current source-codeline.

Syntax

Description

The Display Source Line (.) commanddisplays the linefrom the source-codefile that
correspondsto the machineinstruction currently pointed to by the target program’s CS;IP
registers.

 
The . commandis independentof the current Source Display Modestatus (S+, S—, or S&).
However,if the program being debugged was not created with a high-level-language com-
piler that inserts line numbers into the object modules, the . commandhasnoeffect.

Example

To display the source-code line corresponding to the next instruction to be executed, type

56: print£( '\nDump of file: %s ', argv[1] );

- <Enter>

This produces outputin the following form:
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SYMDEB:?

Help or Evaluate Expression

Purpose

Displays the help screen or the value of an expression.

Syntax

? Lexpression]

where:

expression is any valid combination of symbols, addresses, numbers, and operators.

Description

When ? is entered alone, a help screen summarizing all valid SYMDEB commands, opera-
tors, and types is displayed.

When ? is followed bythe expression parameter, expression is evaluated andthe value is __,
displayed. The expression parametercan include any valid combination of symbols, ad-
dresses, numbers, and operators.

The form and contentof the resulting display depends on the type of expression entered.
If expression is a symbol or an address (optionally including operators), the valueis
shownfirst as a FAR address pointerin the form segment:offset, then as a 32-bit hexadeci-
mal numberrepresenting the value’s physicallocation in memory(followed by its decimal

. equivalent in parentheses), andfinally as the physical location’s ASCII character equiva- |
lents displayed asa string enclosed in quotation marks (which have no practicalvalueif
expression is an address or symbol).

If expression includes numbers (interpreted as signed hexadecimalvalues unless a radix is
specified) and operators, the resulting value is shownfirst as-a 16-bit hexadecimal value,
then as a 32-bit hexadecimalvalue (followed by its decimal equivalent in parentheses),
and finally as the value’s ASCII character equivalents displayed as a string enclosed in
quotation marks.

(The ASCII characters within the string are displayed as dotsif their value is less than 20H
[32] or greater than 7EH [126].)

Examples

Assumethat the pointer array argv in the program DUMP.Cis located at address |
4743:029CH. The command -

-? wargv+4 | <Enter>

producesthe following display:

4743:02A0h 000476D0 (292560)
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To display the result of an exclusive OR operation between the values OFCH and 14H,type
-? FC XOR 14. <Enter>

SYMDEBdisplays -
OOE8h O00000E8 (232)
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SYMDEB:!

Escapeto Shell

Purpose

Invokes the MS-DOS command processor.
Syntax :

'! [command]

where:

command is the name of any MS-DOS command,program, orbatch file andits re-
quired parameters.

Description

The Escape to Shell (!) commandloads a copy of the system’s command processor
(COMMAND.COM),optionally passing it the name of a program orbatchfile to be exe-
cuted. This allows MS-DOSfunctions such aslisting or copying files to be carried out
without losing the context of the debugging session.

If the ! commandis entered alone, an additional‘copy of COMMAND.COMgainscontrol
anddisplays the system prompt. Control can be returned to SYMDEBbyleaving the new
shell with the EXIT command.

If the ! character is followed by a command parameterthat specifies any valid MS-DOS

command, program name, orbatch-file name, the specified commandis executed iimme-
diately and control returns directly to SYMDEB.

The SYMDEBstatement connector(;) cannot be used on the sameline as the ! command,
all text encountered after this command is passed to COMMAND.COMandis interpreted
as an MS-DOS commandline.

Example

To list the files in the current directory, type

-! DIR /W <Enter>
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Messages
COMMAND.COMnotfound!

SYMDEBcould not find COMMAND.COMbecauseit wasnot presentin the directory
location specified in the environment block’s COMSPECvariable.

Not enough memory!
Free memory in the transient program area (TPA)is insufficient to execute the requested
command or program. This is a common occurrence when debugging a large program
with symbolfiles.
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SYMDEB:*

Enter Comment

Purpose

Allowsinsertion of a commentthatwill be ignored by SYMDEB’s commandinterpreter.

Syntax
text

where: ;

text is any ASCII text up to and including a carriage return.

Description

The Enter Comment(+) commandcauses the remainderof the text on that line to be

ignored, thereby providing a means of commenting a SYMDEB debuggingsession.
SYMDEBechoesany text following the asterisk to the screen or redirected output device,

' providing the user with a convenient way to comment program outputredirectedto a file
or a printer. A maximum of 78 characters can be included on each commentline. Com-
mentlines are also useful for documenting lines within a textfile that SYMDEB will use as
redirected input for the program being debugged.

Example

To echo the reminder Errors inprogram output start here: to the screen or redirected out-
put device, type

-*Errors inprogramoutput start here: <Enter>

A line in a text file that will be used by SYMDEBfor redirected input to the program being |
debugged may be “commented out”by inserting an asterisk at the beginning ofthe line.
For example:

*EB CS:1200 90 :
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CodeView

Window-Oriented Debugger

Purpose

Allowsthe controlled execution of an assembly-language program or high-level-language
program for debugging purposes. Both source code and the corresponding unassembled
machine code can be displayed as program execution is traced. In addition, watch vari-
ables, CPU registers and flags, and program output can be examined in separate debug-
ging windows. CodeView is supplied with the Microsoft Macro Assembler (MASM), C
Compiler, Pascal Compiler, and FORTRAN Compiler. This documentation describes
CodeView version 2.0.

Syntax

CV [options] exe_file |parameters)

where:

exe_file is the nameof the executable file containing the program to be debugged
(default extension = EXE).

parameters is one or more filenamesor switches required by the program being
debugged.

options is one or more switches from the following list. Switches can be either
uppercase or lowercase and can be preceded by a dash (—) instead of a
forward slash (/).

/2 Allowsthe use of two video displays for debugging.
/43 Enables 43-line display mode. (An IBM-compatible

computer with an enhanced graphics adapter [EGA]
and an enhancedcolor display is required forthis
option.)

/B Forces the attached monitor to use two shadesofcolor

whendisplaying information.
/Ccommands Executes the specified list of startup commands when

CodeView is invoked.If the list of startup commands
contains any spaces, the entire list must be enclosedin
double quotation marks("). Commandsin the list must
be separated by a semicolon character (;).

/D Turns off nonmaskableinterrupt trapping and Intel
8259 interrupt trapping. (This switch prevents system
crashes on some IBM-compatible machines that do
not support certain IBM-specific interrupt trapping
functions.)

(more)
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/E Stores the symbolic information ofthe program in
expanded memory.

/F Enables the screen-flipping method of switching
between the debugging display and the virtual output
display. Screen flipping is the default method for
IBM-compatible computers with color/graphics
adapters.

/t Enables nonmaskableinterrupt trapping andIntel
8259 interrupt trapping on computersthat are not
IBM-compatible.

/M Disables mouse support within CodeView.
/P Enables palette register restore mode, which allows

non-IBM EGAsto restore the propercolors upon return
from the virtual output screen.

/R Enables Intel 80386 debuggingregisters.
/S Enables the screen-swapping method of switching

between the debugging display and thevirtual output
display. Screen swappingis the default method for
IBM-compatible computers with monochrome ,
adapters.

/T Disables window mode. This switch is necessary for
some non-IBM computers or when a sequential debug-
ging sessionis desired.

/W Enables window mode. This switch allows CodeView

to operate in multiple windows on the same screen.
(This option is not the default for some computers.)

Description

CodeView is a window-oriented menu-driven debuggerthat allows tracing and debugging
of high-level-language programs and assembly-language programs. In general, any valid C,
FORTRAN,BASIC,Pascal, or MASM source code can be debugged with CodeView.

To prepare a program for debugging under CodeView,the program must be compiled and
linked so that the resulting executable file has the extension .EXE and contains line-
numberinformation, a symboltable, and executable code. (To a limited extent, textfiles
and .COMfiles can also be examined under CodeView.) During the debugging session,
the program source file must remain in the current directory if source-code displayis
desired,

The CodeView screen contains four windowsthat display information aboutthe pro-
gram being debugged: the display window,which contains program source code and(if
requested) the unassembled machine code correspondingto the source code; the dialog
window,whereline-oriented commandssimilar (and in some cases identical) to SYMDEB
can be entered and viewed (see PROGRAMMINGUTILITIES: sympes); the register win-
dow (optional), which contains the currentstatus of the microprocessor’s registers and
flags; and the watch window (optional), which contains program variables or memory
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CodeView 

locations to be examined during program execution. CodeView also provides a virtual
output screen(stored internally) that containsal! display output generated during the
CodeViewsession.

A typical CodeView debugging screenlookslike this:

Watch window Pull-down menu

File: View: Search. Run Watch

  
A} ax = FFEE : O@xffee
SS » Bytes Coded

ORetsy
; SEGHENT byte] MRLIa

Display ASSUME cs‘co|window
mov ax, data
mov ds, ax , + Load data’ segnent ad .

Registermou ax, OFFSET prompt : Load address of prom *
ee CES window4 get_file: mov dx, OFFSET namebuf

Next Ai: dosint 8Ah ; i i IP = 0814AZ > mou si,dx ;
executable 43: mov -b1, BYTE PIR [sil] ; NU UP44: mov=BYTE PTR {si+*bx*2],B; DI PL
program : : i NZ NA
line Ab: : mou 21,8Ah ; PO NC

icrosoft (R) CodeView (R) Version 2.88
(C) Copyright Microsoft Corp. 1986, 1987. All rights reserved.

Dialog window Scroll bars

The CodeView display.

Display window commands

Commandsthat control the display window are available in nine pull-down menus whose
names appear in a menu barnearthe top of the screen. Commandscan beselected with
the keyboard or the mouse. Commandsare selected with the keyboard by pressing the Alt
key, pressingthefirst letter in the menu name, and thenpressing thefirst letter of the com-
mand. Commandsare selected with the mouse by pulling down the menu with the mouse
pointer, highlighting the command, and then releasing the mouse button. Commandswith
small double arrowsto the left of the command nameare currently active. The CodeView .
menus and commandsare described below.

File menu

The File menu includes commandsthat manipulate the current source or program file. To
select the File menu with the keyboard, press Alt-F.
 

Command Action 

Open... Opensthe specified sourcefile, include file, or textfile in the display
window.

DOSShell Exits to the shell temporarily. Type exit to return to CodeView.
Exit Ends the current CodeView session.
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View menu

The View menu includes commandsthat select source or assembly modes and commands
that select the debugging screen or the virtual output screen. To select the View menu with
the keyboard,press Alt-V.

Command Action

Source Displays only the high-level-language or assembly-language source code
corresponding to the program being debugged.

Mixed Displays both the unassembled machine code and the source code
correspondingto the program being debugged.

Assembly Displays only the unassembled machine code corresponding to the
program being debugged.

Registers Displays or removes the optional register window.
Output Replaces the debugging screen with the virtual output screen. Press any

key to return to the debugging screen.

Search menu

The Search menu includes commandsthat search throughtext files for text strings and
through executable code forlabels. To select the Search menu with the keyboard, press

 

AILS.

Command Action

Find... Searchesthe currentsourcefile or othertextfile for the specified
expression.

Next Searches forward throughthe file for the next matchof the last
expression specified with the Find... command.

Previous Searches backward throughthefile for the next match ofthelast
expressionspecified with the Find... command.

Label... Searches the executable codefor the specified procedure name or
program label.

Run menu

The Run menu includes commandsthat run the program being debugged.To select the
Run menu with the keyboard, press AIt-R.

Command Action

Start. Runsthe program at full speed from the first instruction. .
Restart Reloads the program and movesto thefirst instruction.
Execute Runsthe program at reduced speed from the currentinstruction.
Clear Breakpoints Clearsall breakpoints.
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Watch menu

The Watch menuincludes commandsthat add watch statements to and delete watch state-
ments from the watch window. Watch statements describe expressions or areas of memory
to be examined during program execution. To select the Watch menuwith the keyboard,

 

 

press Alt-W.

Command Action

Add Watch... Adds the specified watch-expression statementto the watch
window.

Watchpoint... . Adds the specified watchpointstatementto the watch window. A
watchpointis a conditional breakpointthat is taken when the
expression becomes nonzero(true).

Tracepoint... Adds the specified tracepoint statementto the watch window. A
tracepointis a conditional breakpointthat is taken when a given
expression or range of memory changes.

Delete Watch... Deletes the specified statement from the watch window.
Delete All Watch Deletes all statements from the watch window.

Options menu
The Options menu contains commandsthat affect the general behavior of CodeView. To
select the Options menu with the keyboard, press Alt-O.

Command Action

Flip/Swap When on (the default), enables screen swapping or screen flipping
(whichever option CodeView wasstarted with); when off, disables
swappingorflipping. Either method can be usedto display the
CodeViewvirtual output screen. ,

Bytes Coded When on (the default), displays the instructions, instruction addresses,
and the bytes for each instruction; whenoff, displays only the
instructions.

Case Sense Whenon, causes CodeView to assume that symbol namesare case sensi-
tive; when off, causes CodeView to assume that symbol namesare not
case sensitive. This option is on by default for C programs and off by
default for FORTRAN,BASIC, and assembly programs.

386 Whenon,allowsinstructions that reference 32-bit instructions to be as-
sembled and executed and the register window to display 32-bit values.
Whenoff, does notallow Intel 80386 instructions andregisters to be
supported.

Language menu
The Language menu contains commandsthatselect the language-dependent expression
evaluatoror instruct CodeViewto selectit for you. To select the Language menu with the _
keyboard,press Alt-L.
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Command Action

Auto Forces CodeView to select the expression evaluator of the sourcefile
being loaded, based on the extension ofthe sourcefile.

Basic Uses a BASIC expression evaluator to determine the value of source-level
expressions.

Cc Uses a C expression evaluator to determine the value of source-level
expressions.

Fortran Uses a FORTRANexpression evaluator to determine the value of source-
level expressions.

Calls menu

The Calls menuis different from other menusin that its contents vary depending on the
status of the program. The Calls menulists the names of specific routines that will be dis-
played on the screen when that routine nameis selected. Routine names in the Calls menu
can be selected by typing the numberdisplayed immediately to the left of a routine name.
The cursor will moveto the line at which the selected routine waslast executing.

Thecurrent value of each parameter, if any, is shown in parentheses following the name
of the routine in the Calls menu. The menu expands to accommodate the parameters of f
the widest line. Parameters are shown in the current radix (default = decimal). If the
program contains more active routines than will fit‘on the screen orif the routine parame-
ters are too wide, the menu expandsto the left and right.

To select the Calls menu with the keyboard, press Alt-C.

Help menu
The Help menulists the major topics in the CodeView “linked-list” help system. For help,
pull down the Help menu andthenselectthe topic of interest. To select the Help menu
with the keyboard, press Alt-H.

Command Action

Intro to Help Displays information aboutthe “linked-list” help system.
Keyboard/Mouse Displays information about keyboard and mouse commands.
Run commands Displays information about Run commands.
Display cmds. Displays information about Display commands.
Watch/Break ’ Displays information aboutsetting,listing, and deleting watch-

points and breakpoints.
Memory Ops Displays information about viewing and modifying memory.
System cmds. Displays information aboutsystem and environment commands.
About CodeView Displays information about the current CodeView version,time,

and date.
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CodeView 

 

 

Key commands

CodeView supports a variety of function keys and key combinations that modify the active
window.

Key . Action

Fl Displays the introductory help screen.
F2 Displays or removes the register window.
F3 Changes the display in the display window to source, mixed, or assembly

mode.

F4 Displays the virtual output screen (press any keytoreturn).
F5 Executes to the next breakpointor to the end of the program if no break-

point is encountered.
F6 Toggles between the display window and the dialog window.
F7 Sets a temporary breakpoint on the line containing the cursor and exe-

cutes to thatline (or the next breakpoint). °
F8 Executes a trace command, stepping through program calls if present.
FO Sets or clears a breakpoint on the line containing the cursor.
F10 Executes the next sourceline (in source mode)or the next instruction

(in assembly mode), steppingover program calls if present.
Ctrl+G Increasesthe size of the display window orthe dialog window, whichever

is active. ;

* Ctrl+T Decreasesthe size of the display window orthe dialog window, whichever
is active.

Dialog window commands

After CodeView and the specified executable file are loaded, CodeView displays its special
prompt character (>) at the bottom of the dialog window and awaits a dialog command.
CodeView dialog commandsconsist of one, two, or three characters, usually followed by
one or more parameters. CodeView treats uppercase and lowercase characters the same
except when they are containedin strings enclosed within single or double quotation
marks. The default radix for dialog command parameters is 10 (decimal). Dialog com-
mands are executed whenthe Enterkey is pressed.

A detailed explanation of CodeView dialog commands and parameters is not presented
in this entry. CodeView dialog commands and parametersare similar to SYMDEB com-
mands and parameters. See PROGRAMMING UTILITIES: sympes. Additional information
about using CodeView dialog commands and parameters can be found in the CodeView
documentation supplied with the Microsoft Macro Assembler (MASM), C Compiler, Pascal
Compiler, and FORTRAN Compiler. A sample debugging session using CodeView dialog
commands and window commands is documented in this book. See PROGRAMMINGIN

THE MS-DOS ENVIRONMENT:ProcraMminc Toots: Debugging in the MS-DOS —
Environment.
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The dialog commandsavailable with CodeView are as follows:

Command Syntax

! 1 [command]

# #number
* «comment

/ /lsearchtext)
7 7

J...0)
< < device

= = device

> {T] > [>] device

? ? expression|,format]
@ @ .

A A [address]
BC BC [+] [Zist]

BD BD [+] (/is#)

BE BE [4] [List]
BL BL .

BP BP [address {passcount}
[omds*]

Cc C range address
D D [rangel
DA Da[range]
DB DB [range]
DD DD {range
DI DI [range]
DL DL[range]
DS DS (range)
DT DT [range]
DU DU [range]
DW DW [range]
E E address[list]
EA EA address [list]

EB EB address [list]

ED ED address [value]

EI EI address (list)

EL EL address (value)

ES ES address (value]

ET ET address (value)

The MS-DOS Encyclopedia

Action

Escapeto shell.
Pause redirected file execution.

Set display windowtabs.
Echo commentto output device.
Display current sourceline.
Search for regular expression.

- Display 8087 registers.
Delay redirectedfile execution.
Redirect dialog window input.
Redirect dialog window input and output.
Redirect dialog window output.
Evaluate expression.
Redraw screen.

Assemble machineinstructions.

Clear breakpoints.
Disable breakpoints.
Enable breakpoints.
List breakpoints.
Set breakpoints.

Compare memoryareas.
Display (dump) memory.
Display ASCII.
Display bytes.
Display doublewords.
Display integers.
Display long reals.
Display shortreals.
Display 10-byte reals.
Display unsignedintegers.
Display words.
Enter data.

Enter ASCII string.
Enter bytes.
Enter doublewords.

Enter integers.
Enterlongreals.
Enter short reals.

Enter 10-byte reals.

(more)
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Command

he—Q0024kwmmOmZE
OB

Syntax

EU address [value]

EW address[value]
F rangelist
G [breakpoint]
H

I port
K [number]

L [parameters]
M range address
N [radix]

O port byte
Oo

03[+1-]

OB[+!-]

OC[+1-]

OF[+i-]

P [count]

Q

R [register [value]]
RF[flags]
S rangelist
S

S+

a

S&

T [count]

TP [type] range
TP? expression|,format]
U [range]
USE [language]
VLfilename}linenumber]
WwW

W [type] range
W? expression|,format]
WP? expression([,format]
X(?{ module!

(routine.|symbol\*]
Y [+] [Zist]
\

Action

Enter unsignedintegers.
Enter words.

Fill memory.
Go execute program.
Display help screen.
Input from port.
Perform stack trace.

Reload program.
Move (copy) data.
Change current radix.
Outputto port.
Displayall options.
Toggle Intel 80386 option.
Toggle bytes coded option.
Toggle case-sense option.
Toggle flip/swap option.
Step through program (overcalls).
Quit debugger.
Display or modify registers.
Display or modify flags.
Search memory.
Display current display mode.
Display source code.
Display assembly language.
Display source code and assembly

language.
Trace program execution (throughcalls).
Set memory-tracepoint statement.
Set tracepoint-expression statement.
Disassemble (unassemble) program.
Switch expression evaluators.
View source code.

List watchpoints and tracepoints.
Set memory-watch statement.
Set watch-expression statement.
Set watchpoint.
Examine program symbols.

Delete watch statements.

Display virtual output screen.
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Examples

To prepare the source file SHELL.C for debugging with CodeView,first compile the source
file with the switches that disable optimization and cause symbol-table and line-number
information to be written to the relocatable object module:

C>MSC /2i /Od SHELL; <Enter>

Next, to convert the object moduleto an executable program andprepareit for CodeView,
type

C>LINK /CO SHELL; <Enter>

To begin debugging, type
C>CV SHELL <Enter>

To start CodeView in 43-line mode with TEST.EXE as the executable file and INFO.DAT as

the command-tail parameter, type

C>cv /43 TEST INFO.DAT <Enter>

In both examplesthe sourcefile correspondingto the specified executable file must be in
the current directory if source-code display is desired.

Messages

Argument to IMAG/DIMAG mustbe simple type
An invalid parameter to an IMAG or DIMAGfunction, such as an array with no subscripts,
wasspecified.

Array must have subscript
An array without any subscripts was specified in an expression, such as JARRAY+2. A
correct example is J[ARRAY/[1] +2.

Bad address

Aninvalid address was specified. For example, an address containing hexadecimal char-
acters might have been specified whenthe radix is decimal.

Bad breakpoint command
Aninvalid breakpoint number wasspecified with the BC, BD, or BE dialog command. The
breakpoint number mustbe in the range 0 through19.

Bad flag
Aninvalid flag mnemonic was specified with the RF dialog command.

Bad format string
Aninvalid format specifier was used following an expression. Expressions used with the
?, W?, WP?, and TP? dialog commandscan have format specifiers set off from the expres-
sion by a comma. Thevalid formatspecifiers are c, d, e, E, f, g, G,i, 0, s, u, x, and X. Some
formatspecifiers can be preceded by the prefix h (to specify a 2-byte integer) or | (to spec-

ify a 4-byte integer).
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Bad integer or real constant
An invalid numeric constant was specified in an expression.

Bad intrinsic function

Aninvalid intrinsic function name was specified in an expression.

Badly formed type
Thetype information in the symboltableof the file being debuggedis incorrect. This is a

| serious problem. Note the circumstancesofthe failure and notify Microsoft Corporation.
Bad radix (use8, 10, or 16)
Aninvalid radix was specified with the N dialog command. Use an octal, decimal, or
hexadecimalradix.

Bad register
| Aninvalid register name was specified with the R dialog command. Use AX, BX, CX, DX,
| SP, BP, SI, DI, DS, ES, SS, CS, or IP. If your machine is equipped with an Intel 80386 micro-

processor, use EAX, EBX, ECX, EDX, ESP, EBP, ESI, EDI, DS, ES, FS, GS, SS, CS,or IP.

Bad subscript
Aninvalid subscript expression was specified for an array, such as JARRAY (3.3) or

ITARRAY(C3,3)). The correct expression for this example (in BASIC or FORTRAN)iis
IARRAY (3,3).

Bad typecast
Incompatible types of operands were specified in an expression.

Bad type (use one of 'ABDILSTUW')
An invalid type was used in a Display (D, DA, DB, DF, DU, DW, DD,DS, DL, or DT) dialog
command. Thevalid types are ASCII (A), byte (B), integer (D, unsigned (U), word (W),
doubleword (D), short real (S), long real (L), and 10-bytereal (T).

 
Breakpoint# or '+' expected
The BC, BD,or BE dialog command wasentered without a parameter.

Cannotcast complex constant component into REAL
An incompatible real or imaginary componentwasspecified in a COMPLEXconstant.
Both real and imaginary components must be compatible with type REAL.

Cannotcast IMAG/DIMAGargument to COMPLEX
An invalid parameter was specified with an IMAG or DIMAGfunction. IMAG and DIMAG
parameters must be simple numeric types.

Cannotuse struct or union as scalar

A struct or union variable was used as a scalar value in a C expression. Such variables must
be followed by a file specifier or preceded by the address-of (&) operator.

Can’t findfilename
CodeView could notfind the executable file specified in the commandline.
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Character constant too long
A character constant that is too long for the FORTRAN expression evaluator was specified.
The limit is 126 bytes.

Charactertoobig for current radix
A radixthatis larger than the current CodeView radix wasspecified in a constant. Use the
N dialog commandto changethe radix.

Constant too big wo
An unsigned constant numberlarger than 4,294,967,295 (FFFFFFFFH) wasspecified.

CPUnot an 80386

The 386 option wasselected but a machine withoutan Intel 80386 microprocessoris
being used.

Divide by zero -
An expression in a parameter of a dialog commandattempted to divide by zero.

EMM error

CodeView failed to use the Expanded Memory Manager (EMM)correctly. This is a serious
problem. Note the circumstancesofthe failure and notify Microsoft Corporation.

EMM hardware error

The Expanded Memory Manager (EMM) routines reported a hardwareerror. Check your
expanded memoryboard fordefects.

EMM memory not found
The /E option was used but expanded memory has not beeninstalled. Install software
that accesses the memory according to the Lotus/Intel/Microsoft Expanded Memory
Specification (LIM EMS).

EMMsoftware error
The Expanded Memory Manager (EMM)routinesreported a softwareerror. Reinstall the
EMMsoftware.

Expression too complex
An expression given as a dialog-commandparameteris too complex.

Extra input ignored
Too many parameters were specified with a command. CodeViewevaluatesthe valid
parameters and ignorestherest. In this situation, CodeView often does not evaluate the
parameters as intended.

Flip/Swap option off— application output lost
The program being debuggedis writing to the screen, but the output cannotbe displayed
because the flip/swap option has been disabled.

Floating point error
This is a serious problem. Note the circumstancesofthe failure and notify Microsoft
Corporation.
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Illegal instruction
This message usually indicates that a machine instruction attempted to divide by zero.
Index out ofbound

A subscript value was specified that is outside the boundsdeclaredfor the array.

Insufficient EMM memory
Expanded memoryis insufficient to hold the program’s symboltable.

Internal debugger error
This is a serious problem. Note the circumstancesof the failure and notify Microsoft
Corporation.

Invalid argument ;
An invalid CodeView expression wasspecified as a parameter.
Invalid executablefile format — please relink’!
The executable file was not linked with the version ofLINK ‘released with this version of
the CodeView debugger. Relink with the appropriate version of LINK.

Invalid option
Aninvalid switch was specified with the O command.

Missing'"'
Astring specified as a parameterto a dialog commanddid not have a closing double
quotation mark.

Missing'('
A parameterto a dialog commandwasspecified as an expression containing a right
parenthesis but noleft parenthesis.

Missing ')'
A parameterto a dialog commandwasspecified as an expression containing a left
parenthesis but no right parenthesis.

Missing ']'
A parameterto a dialog command wasspecified as an expression containing a left bracket
but no right bracket, or a regular expression was specified with a right bracket but no left
bracket.

Missing'C' in complex constant
An opening parenthesis of a complex constant in an expression was expected but was not
found.

Missing ')' in complex constant
Aclosing parenthesis of a complex constant in an expression was expected but was not
found.

Missing ')' in substring
A closing parenthesis of a substring expression was expected but was notfound.
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Missing '(' to intrinsic
An opening parenthesis for an intrinsic function was expected but wasnot found.

Missing ')' to intrinsic
A closing parenthesis for an intrinsic function was expected but was not found.

No closing single quote
A character was specified in an expression used as a dialog-command parameter, but the
closing single quotation mark is missing.

No code at this line number

A breakpoint wasset on a source line that does not correspond to machine code.(In other
words, the source line does not contain an executable statement.) For example, the line
might be a data declaration or a comment.

No free EMM memory.ha’ Mes
CodeView could notfirid an available EMM handle. Expanded Memory Manager (EMM)
software allocates a fixednumber of memory handles (usually 256) to be used for specific
tasks. mS

No match ofregular expression
No match wasfound for the regular expression specified with the Search (S) dialog com-
mand or with the Find... command from the Search menu.

No previous regular expression
The Previous commandwasselected from the Search menu, but CodeView found no
previous match for the last regular expression specified.

No sourcelines at this address

The address specified as a parameterfor the V dialog command doesnot have any source
lines, For example,it could be an addressin a library routine or an assembly-language
module.

No suchfile/directory
Thespecifiedfile or directory does notexist.

No symbolic information
The executable file specified is not in the CodeView format. The program cannot be
debugged in source mode unlessthefile is created in the CodeView format. The program
can be debuggedin assembly mode.

Not an executablefile

The file specified to be debugged when CodeViewstarted is not an executable file with a
.EXE or .COM extension.

Nota text file

An attempt was madeto loadafile with the Open... commandfrom the File menu or
with the V dialog command,butthefile is not a text file. CodeView determinesifa file isa
text file by checkingthe first.128 bytes for characters that are not in the ASCII ranges 9
through 13 and 20 through 126.
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Not enough space
The! dialog commandor the DOSShell commandfrom the File menu was chosen,but
free memoryis insufficient to executeCOMMAND.COM.Because memoryis released by
code in the FORTRANstartup routines, this error always occursif the ! commandis used
before executing any code. Use anyof the code-execution dialog commands(T, P, or G) to

‘execute the FORTRANstartup code; thentry the ! command again. This message also
occurs with assembly-language programsthat donotspecifically release memory.

Object too big
A TP? dialogcommandwasentered with a data object (such as an array) that is larger than
128 bytes.

Operand typesincorrect for this operation
An operand in a FORTRANexpression had a type incompatible with the operation
applied to it. For example,if P is declared as CHARACTER P (10), then ? P+5 would pro-
ducethis error, because a character array cannot be an operandofan arithmetic operator.

Operator must have a struct/union type
Oneof the C member-selection operators (—, >, or .) was used in an expression that does
not reference an elementof a structure or union.

Operator needs Ivalue
An expression wasspecified that does not evaluate to a memorylocation in an operation
that requires one. (An Ivalue is an expression that refers to a memorylocation.) For exam-
ple, buffer (count) is correct; it represents a symbol in memory. However, I .EQV. 10
is invalid because it evaluates to TRUE or FALSEinstead of to a single memory location.

Overlay not resident
An attempt was made to unassemble machine code from a functionthat is currently not in
memory.

Program terminated normally (exitcode)
The program terminated execution normally. The numberdisplayed in parenthesesis the
exit code returned to MS-DOSby the program.

Radix must be between 2 and 36 inclusive

A radix that is outside the allowable range was specified.

Registervariable out ofscope
An attempt was madeto specify a register variable by using the period (.) operator and a
routine name.

Regular expression too complex
The regular expression specified is too complex for CodeView to evaluate.

Regular expression too long
The regular expression specified is too long for CodeView to evaluate.

Restart programto debug
The program being debugged has executedto the end.
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Simple variable cannot have argument
A parameter to a simple variable was specified in an expression. For example, given the
declaration INTEGER NUM, the expression NUMCis not allowed.

Substring range out ofbound
A character expression exceeded the length specified in the CHARACTERstatement.

Syntax error
An invalid commandline was specified for a.dialog command,or an invalid assembly- -
language instruction was entered with the A dialog command.

Too few array bounds given
The boundsspecified in an array subscript do not match the array declaration. For exam-
ple, given the array declaration INTEGER IARRAYC3, 4), the expression JARRAYCD) would
producethis error message.

Too manyarraybounds given
The boundsspecified in an array subscript do not match the array declaration. For exam-
ple, given the array declaration INTEGER IARRAYC3,4), the expression IARRAY (3,))
would produce this error message.

Too many breakpoints
An attempt was madeto specify more than 20 breakpoints, CodeView permits only 20.

Too manyfiles
Too few file handles were specified for CodeView to operate correctly. Specify morefiles
in your CONFIG.SYSfile.

Type clash in function argument
The type of an actual parameter does not match the corresponding formal parameter, ora
subroutine that uses alternate returns wascalled and the valuesofthe return labels in the

actual parameterlist are not 0.

Type conversion too complex
An attempt was madeto typecast an element of an expression in a type other than the sim-
ple types or with more than onelevelof indirection. An example of a complex type would
be typecasting to a struct or union type. An example of twolevels of indirection is char

Unable to open file
A file specified in a command parameteror in response to a prompt cannot be opened.

Unknown symbol
Anidentifier that is not in CodeView’s symbol table was specified, or a local variable was
used in a parameter whennot in the routine where the variable is defined, or a subroutine
that uses alternate returns wascalled and the valuesof the return labels in the parameter
list are not0.

Unrecognized optionoption
Valid options: /B /C<command> /D /E/F /1/M /P/R/S/T /W /43 /2
Aninvalid switch was entered whenstarting CodeView.
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Usage:cv [options] file [arguments]
An executable file was not specified when starting CodeView.

Video mode changed without /S option
The program changed video modes(either to or from graphics modes) when screen
swapping wasnotspecified. Use the /S option to specify screen swapping when debug-
ging graphics programs. Debuggingcan be continuedafter receiving this message, but the
output screen of the debugged program may be damaged.

Warning: packedfile
CodeView wasstarted with a packedfile as the executablefile. The program cannot be
debugged in source mode becauseall symbolic informationis stripped fromafile whenit
is packed with LINK’s /EXEPACK option or the EXEPACKutility. Try to debugthe pro-
gram in assembly mode. (The packing routinesatthe start of the program might make
this difficult.)

Wrong number offunction arguments
An incorrect number of parameters was specified when evaluating a function ina
CodeView expression.
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Introduction

All versions of MS-DOSinclude operating-system services that provide the programmer
with hardware-independenttools for handling such tasksasfile management, device input
and output, memoryallocation, and getting and setting system-managementinformation
suchas the date and time. The majority of these services, collectively called the MS-DOS
system calls, are invoked through Interrupt 21H.A few othersare called using Interrupts
20H through 27H and 2FH.This section includes descriptions of these system-management
services, with details relevant to all releases of MS-DOS through version 3.2.

Use of the Interrupt 21H system calls, rather than hardware-specific routines, helps ensure
that a program will run on any computer running an appropriate version of MS-DOS.
Likewise, because new releases of MS-DOSattempt to maintain compatibility with earlier
versions, use of the calls increases the likelihood that a program will remain usable for
more than a single major or minor release of the operating system.

The MS-DOSInterrupt 21H system calls are invokedas follows:

AH = function number

AL = subfunction code Cif required)
Otherregisters = additional function-specific information
Execute Interrupt 21H

Version Differences |

With MS-DOSversions 2.0 and later, considerable overlap occurs in the way in which
many system services, such asfile and characterdevice I/O, can be carried out. This over-
lap is a result of the manner in which MS-DOShas developedsinceit was first released.

Theearliest version of MS-DOS,1.0, includedarelatively small set of Interrupt 21H system
calls designed primarily for CP/M compatibility. These calls, numbered 00H through 2DH,
relied on the use offile control blocks (FCBs) in an application’s memory space for infor-
mation on openfiles. See PROGRAMMINGIN THE MS-DOS ENVIRONMENT:ProGcram-
MING FOR Ms-bos:File and Record Management; Appendix G:File Control Block (FCB)
Structure. The FCB-based system calls in MS-DOSdonot support hierarchicalfile struc-
tures, nor do they support redirection of input and output. As a result, many of these sys-
tem calls have been supersededin later releases of MS-DOS. The CP/M-style calls are no
longer recommended and should not be used unless program compatibility with versions
1.x is required.

Beginning with version 2.0, MS-DOSintroduced the concept of handles—16-bit numbers
returned by the operating system after a successful openorcreatecall. The handles can
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subsequently be used by an application program to reference an openfile or device,
eliminating redundancy and unnecessary overhead. These handlesare also used inter-
nally by MS-DOSto keep track of openfiles and devices. The operating system keepsall
such handle-related information in its own memory space. Handles offer full supportfor
the hierarchicalfile system introduced in version 2.0 of MS-DOSandthusallow the pro-
grammerto access any file stored in any directory or subdirectory on a block device.
Becauseof the increased flexibility offered by the handle-related system functioncalls,
these services are recommendedoverthe earlier FCB-based calls, which perform similar
tasks but for the current directory only. SeePROGRAMMINGIN THE MS-DOS ENVIRON-
MENT: PROGRAMMINGFOR MS-Dos:File and Record Management.

Another advantage of using the system calls introduced in versions 2.0 andlater is that
these calls set the carry flag when an operational error occurs and return an error code in
AX that indicates the nature of theerror, the error can then be investigated furtherby call-
ing Function 59H (Get ExtendedError Information). The earlier system calls (OOH through
2DH)generally simply return OFFH (255) in AL to indicate an error or 00H to indicate that
the call was completed successfully.

FormatofEntries

Entries in this section are arranged in hexadecimal order, with decimal equivalentsin
parentheses. Each entry is organized as follows:

® Hexadecimal interrupt and/or function number (decimalequivalent in parentheses)
@ Interrupt or function name(similar to, but not always the sameas, the name used in

MS-DOS documentation)

Version dependencies
Interrupt or function purpose
Register contents needed to call
Register contents on return
Notes for programmers
Related functions

Program example

The formatofthese entries is designed to give programmersready referenceto specific
information, such as register contents, as well as more detailed notes on the use and appli-
cation of each system call, For further information on theuseof the system calls, see
PROGRAMMINGIN THE MS-DOS ENVIRONMENT.

The assembly-language examples in this section use the Cmacros capability introduced
with the Windows Software DevelopmentKit. Cmacros, a set of assembly-language macros
definedin the file CMACROS.INC,are useful because they provide a simplified interface to
the function and segment conventions ofhigh-level languages such as Microsoft C and
Microsoft Pascal.
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Advantagesto using Cmacrosfor assembly-language programming include transparent
support for memory models and symbolic namesfor function argumentsandlocal vari-
ables. Cmacros exist for code and data segment declarations (sBegin and sEnd), storage
allocation (staticX, globalX, externX, and labelX), function declarations (cProc, parmx,
localX, cBegin and cEnd), functioncalls (cCall, Save, and Arg), special definitions
(DefX, RegPtr, and FarPtr), and error control (errnz and errn$), Ofthese, only sBegin,
sEnd, cProc, parmX, localX, cBegin, and cEnd are used in the examplesin this section.

Two additional macros that support functions not found in CMACROS.INC are JoadCP and
loadDP. These macros, includedin the file CMACROSX.INClisted below,allow pointers
previously declared with staticX, globalX, parmX, DefX and localX to be loaded into
registers without regard to the memory model in use — /oadCP and loadDP generate
codeto loadeither the offset portion or the full segment:offset of the address, depending
on the memory model.

i CMACROSX. INC

: This file includes supplemental macros for two macros included
; in CMACROS.INC: parmCP and parmDP. When these macros are used,
; CMACROS.INC allocates either 1 or 2 words to the variables

; associated with these macros, depending on the memory model in
3 use. However, parmCP and parmDP provide no support for automatically
; adjusting for different memory models—additional program code
; needs to be written to compensate for this. The loadCP and loadbDP
; macros included in this file can be used to provide additional
; flexibility for overcoming this limit.

; For example, "parmDP pointer" will make space (1 word in small
; and middle models and 2 words in compact, large, and huge models)
; for the data pointer named "pointer". The statement
; "loadDP ds,bx,pointer" can then be used to dynamically place the
? value of "pointer" into DS:BX, depending on the memory model.
; In small-model programs, this macro would generate the instruction
; "mov dx,pointer" (it is assumed that DS already has the right
; segment value); in large-model programs, this macro would generate
; the statements "mov ds,SEG_pointer" and "mov dx,OFF_pointer".

checkDS macro segmt
diffcount = 0

irp d,<ds,DS,Ds,dS> ; Allow for all spellings
ifdif <segmt>,<d> 3; of "ds".

diffcount = diffcount+1
endif

endm
if diffcount EQ 4

it_is_DS = 0
else

it_is_DS = 1
endif

endm

(more)
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checkES macro segmt
diffcount = 0

irp d,<es,ES,Es,eS>
ifdif <segmt>,<d>

diffcount = diffcount+1
endif

endm

. iff diffcount EQ 4
it_is_ES = 0

else
itvis_ES = 1

endif
endm

loadDP macro segmt, offst,dptr
checkDS segmt
if sizeD

if it_is_DS

lds offst,dptr
else

checkES segmt
if it_is_ES

.les offst,dptr
else

mov offst,OFF_&dptr
mov segmt,SEG_&dptr

endif
endif

else

mov offst,dptr
if it_is_DS EQ 0

push ds
pop segmt

endif
endif

endm

loadCP macro segmt,offst,cptr
if sizeC

checkDS segmt
if it_is_pDSs

lds offst,cptr
else

checkES
if it_is_ESs

les offst,cptr
else

mov segmt,SEG_&cptr
mov offst,OFF_&cptr

endif
endif

else

1180 The MS-DOSEncyclopedia
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; <-- Small data model
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} <-- Large code model
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push cs *# <-- Small code model
pop segmt
mov offst,cptr

endif

: endmt

The following example program demonstrates the use of Cmacros in an assembly-
language program: /

memS = 0 7Small memory model

i ?PLM = 0 7C calling conventions
?WIN = 0 ;Disable Windows support

include cmacros.inc
include cmacrosx.inc

sBegin CODE ;Start of code segment
assumes CS,CODE 7Required by MASM

;Microsoft C function syntax:
?
; int addnums(firstnum, secondnum)
; int firstnum, secondnum;
;

;Returns firstnum + secondnum

cProc addnums, PUBLIC 7Start of addnums functions

' parmwW firstnum ;Declare parameters
parmW secondnum
cBegin

mov ax, firstnum
add ax, secondnum

cEnd
sEnd CODE

end

Asimple C program to call this function would be

main ()
{

printf ("The sum is %d",addnums (12,33));

Contents by Functional Group

Although distinguishing between FCB-based and handle-based system calls provides a
broad and very generalized meansof categorizing these services, the more common and
useful approach is to group the calls by the type oftask they perform. The following list
groupsthe Interrupt 21H system calls and Interrupts 20H, 22H through 27H, and 2FH by
type of service.
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Function

Character Input
01H

03H

06H

07H
08H

OAH

OBH

0CH

Character Output
02H

04H

05H

06H

09H

Disk Management
O0DH

OEH

19H
1BH
1CH

2EH

36H

54H

File Management
OFH

10H

11H

12H

13H

16H
17H

1AH

23H
2FH

3CH

3DH

3EH

TheMS-DOSEncyclopedia

Purpose

Character Input with Echo
Auxiliary Input
Direct Console I/O

Unfiltered Character Input Without Echo
Character Input Without Echo
Buffered Keyboard Input
Check Keyboard Status
Flush Buffer, Read Keyboard

Character Output
Auxiliary Output
Print Character

Direct Console I/O

Display String

Disk Reset

Select Disk

Get Current Disk

Get Default Drive Data
Get Drive Data

Set/ResetVerify Flag
Get Disk Free Space
Get Verify Flag

Open File with FCB
Close File with FCB

Find First File

Find Next File

Delete File

Create File with FCB

RenameFile

Set DTA Address

GetFile Size

Get DTA Address

Create File with Handle

Open File with Handle
Close File

(more)
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Function Purpose

File Management (continued)
41H Delete File

43H Get/SetFile Attributes

45H Duplicate File Handle
46H Force Duplicate File Handle
4EH Find First File

4FH Find NextFile

56H RenameFile 7
57H Get/Set Date/TimeofFile

54H Create TemporaryFile
5BH Create New File

5CH Lock/UnlockFile Region

Information Management
14H Sequential Read
15H Sequential Write
21H Random Read

22H Random Write

24H Set Relative Record

27H Random Block Read

28H Random Block Write

3FH Read File or Device
40H Write File or Device

42H MoveFile Pointer

Interrupt 25H Absolute Disk Read
Interrupt 26H Absolute Disk Write

Directory Management
39H Create Directory
3AH Remove Directory
3BH Change Current Directory
47H Get Current Directory

Process Management
00H Terminate Process

31H Terminate and Stay Resident
4BH Load and Execute Program (EXEC)
4CH Terminate Process with Return Code

4DH Get Return Code of Child Process

59H Get Extended Error Information

Interrupt 20H Terminate Program
Interrupt 27H Terminate and Stay Resident

(more)
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Function Purpose

Memory Management
48H Allocate Memory Block
49H Free Memory Block
4AH Resize Memory Block
58H Get/Set Allocation Strategy

Miscellaneous System Management
25H Set Interrupt Vector
26H Create New Program SegmentPrefix
29H Parse Filename
2AH Get Date

2BH Set Date

2CH Get Time

2DH Set Time

30H Get MS-DOSVersion Number

33H Get/Set Control-C Check Flag
34H Return Address of InDOSFlag /
35H GetInterrupt Vector
38H Get/Set Current Country
44H IOCTL

5EH Network Machine Name/Printer Setup
5FH Get/MakeAssign List Entry
62H . Get Program SegmentPrefix Address
63H Get Lead Byte Table (version 2.25 only)
Interrupt 22H Terminate Routine Address
Interrupt 23H Control-C Handler Address
Interrupt 24H Critical Error Handler Address
Interrupt 2FH Multiplex Interrupt

The MS-DOSEncyclopedia1184
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Interrupt 20H 

Interrupt 20H (32) | 1.0 and later
Terminate Program

‘Interrupt 20H is one of several methods that a program can useto performafinalexit. It
informs the operating system that the program is completely finished and that the memory
the program occupied can bereleased.

To Call

CS =segment address of program segment prefix (PSP)

Returns

Nothing

Programmer’s Notes

® Inresponseto an Interrupt 20H call, MS-DOStakes the following actions:
— Restores the termination handler vector (Interrupt 22H) from PSP:000AH.
— Restores the Control-C vector (Interrupt 23H) from PSP:000EH.
— With MS-DOSversions2.0 andlater, restores the critical error handler vector (Inter-

rupt 24H) from PSP:0012H.
— Flushesthefile buffers.

— Transfers to the termination handler address.

The termination handlerreleases all memory blocksallocated to the program,includ-
ing its environmentblock and any dynamically allocated blocksthat were not pre-
viously explicitly released; closes any files opened with handles that were not
previously closed; and returns control to the parent process (usually
COMMAND.COM).

® Ifthe program is returning to COMMAND.COM,control transfersfirst to
COMMAND.COM’sresident portion, which reloads COMMAND.COM'stransient
portion Gf necessary) and passes controltoit. If a batchfile is in progress, the next
line of the batchfile is then fetched and interpreted; otherwise, a promptis issued for
the next user command. ;

e Anyfiles that have been written by the program using FCBs.should be closed before
using Interrupt 20H; otherwise, data may belost.

® For those programmers who have been with MS-DOSsinceits earliest incarnations,

i

   
Interrupt 20H is the traditional way to exit from an application program. However,
underversions 2.0 and later, the preferred methods of termination are Interrupt 21H
Function 31H (Terminate and Stay Resident) and Interrupt 21H Function 4CH (Termi-
nate Process with Return Code).
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Interrupt 20H

Example
JSSCGIagSICICI RO RO TOI GI ICICI IG RCI AGE a RAGGA ICI IR 3K ¢
; ;

; Perform a final exit. ?
; 3
SGCGIGIUIGIOR IG FCGIGAGGIACRAG5

int 20H ; Transfer to MS-DOS.

1186 TheMS-DOSEncyclopedia
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Interrupt 21H Function 00H

Interrupt 21H (33) | 1.0 and later
Function 00H (0)
Terminate Process

Function 00H flushesall file buffers to disk, terminates the currentprocess, and releases
the memory used by the process.

To Call

AH =00H

CS =segment of program’s program segmentprefix (PSP)

Returns

Nothing

Programmer’s Notes

@=Thefollowing interrupt vectors are restored from the PSP of the terminated program:

PSP Offset Vector for Interrupt

OAH Interrupt 22H (terminate routine)
OEH Interrupt 23H (Control-C handler)
12H Interrupt 24H (critical error handler) (versions 2.0 and later.)

® Allfile buffers are written to disk and all handles are closed. Controlis then trans-

ferred to Interrupt 22H (Terminate Routine Address).
@ Anyfile that has changed in length and was opened with an FCB should be closed

before Function 00His called.If suchafile is not closed,its length, date, and time are
not recordedcorrectly in the directory.

@ With versions 3.x of MS-DOS,restoring the default memory-allocation strategy used
by MS-DOSis advisable if that strategy has been changed with Function 58H (Get/Set
Allocation Strategy). Any global flags, such as the break andverify flags, that affect
system behavior and that have been changedby the process should also be restored
to their original values.

® Function 00H performs exactly the same processing as Interrupt 20H (Terminate
Program). ,

® Function 00H is obsolete with MS-DOSversions2.0 andlater. Function 31H (Termi-

nate and Stay Resident) and Function 4CH (Terminate Process with Return Code) are
preferred; both enable the terminating process to pass a return codeto the calling
process and do not require that CS contain the PSP address.
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Interrupt 21H Function 00H

Related Functions

31H (Terminate and Stay Resident)
4CH (Terminate Process with Return Code)

Example
None     
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Interrupt 21H Function 01H

Interrupt 21H (33) 1.0 and later
Function 01H (1)
Character Input with Echo-

Function 01H waits for a character from standardinput, echoesit to standard output, and
returns the character in the AL register.

To Call

AH = 01H

Returns

AL =8-bit character code

Programmer’s Notes

@ With versions 1.x of MS-DOS, Function 01H reads input from the keyboard. With
versions 2.0 and later, Function 01H reads a character from standard input, which
defaults to the keyboard but can be redirected to another deviceorto a file. Whether
or not input has been redirected, the character is echoed to standard output.

e@ Function 01H waitsfor inputif a character is not available. A wait can be avoided by
calling Function OBH (Check Keyboard Status), which checks whethera characteris
available from standard input, and then calling Function 01H if a characteris ready.

® OnIBM PCs and compatibles, extended characters, such as those produced by the
Alt-O and F8 keys, are returned as 2 bytes. Thefirst byte, OOH, signals an extended
character; the second byte completes the key code. To read these characters, Function
01H mustbe called twice.

With MS-DOSversions2.0 andlater, if standard input has been redirected, the value
00H canalso representa null character fromafile and, in that case, might not repre-
sentvalid data. A program can use Function 44H (IOCTL) Subfunction 00H (Get
Device Data) to determine whether standard input has been redirected.

@ The carriage-return character (ODH) echoesa carriage return but nota linefeed.
Likewise, the linefeed character (OAH) does not echoa carriage return.

® With MS-DOSversions 2.0 and later, Function 01H cannotdetect an end-of-file condi-
tion if input has been redirected.

@ Interrupt 23H (Control-C Handler Address)is called if Control-C (03H)is the input
character and (with versions 2.0 and later) input is not redirected.

@ With MS-DOSversion 2.0 and later, if standard input has been redirected to come
from a file, Break must be enabledfor Interrupt 23H to be called when Control-C
(03H)is the input character.

@ Alternative character inputfunctions are 06H (Direct Console I/O), 07H (Unfiltered
Character Input Without Echo), and 08H (Character Input Without Echo). The four
functionsare related as follows:
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Interrupt 21H Function 01H

 

Waits - Echoesto Acts on

Function for Input StdOutput Control-C

01H yes yes yes
06H no no no

07H yes no no
08H yes no yes

Depending on whether Control-C needsto befiltered, Function 06H, 07H, or 08H can
be used to handle character display separately from character input.

@® With MS-DOSversions 2.0 and later, Function 3FH (Read File or Device) should be

used in preference to Function 01H.

Related Functions

06H (Direct Console I/O)

07H (Unfiltered Character Input Without Echo)
08H (Character Input Without Echo)
OAH (Buffered Keyboard Input)
OCH (Flush Buffer, Read Keyboard)
3FH (ReadFile or Device)

Example
JOGOIOC RGGIGGGIGOR AGGIE ICH aR ACI AGO 3

; Function 01H: Character Input with Echo ;

; int read_kbd_echo () ;

; Returns a character from standard input i
; after sending it to standard output. ;
; i

JICIOIOICAORRIGHTICIOR GR IGE ROK A FOR HGR ACTOR AK 2

cProc read_kbd_echo, PUBLIC
cBegin

mov ah, 0th + Set function code.
int 2th 7; Wait for character.

mov ah,0 ; Character is in AL, so clear high
7 byte.

cEnd

‘1190=The MS-DOS Encyclopedia

 
OLYMPUSEX. 1010 - 1200/1582



OLYMPUS EX. 1010 - 1201/1582

  
Interrupt 21H (33)
Function 02H (2)

Character Output

Function 02H sendsa characterto standard output.

To Call

AH = 02H

DL =8-bit code for character to be output

Returns

Nothing

Programmer’s Notes

Interrupt 21H Function 02H

1.0 and later

@ With versions 1.x of MS-DOS, Function 02H sends a characterto the active display.
With MS-DOSversions 2.0 andlater, Function 02H sends the characterto standard
output. By default, the output is sent to the active display, but it can be redirected to
anotherdevice ortoafile.

® With all versions of MS-DOS, displaying a backspace (08H) movesthe cursor back
one position but does not erase the character at the new position.

® Ifa Control-C is detected after the characteris sent, Interrupt 23H (Control-C Handler
Address)is called.

@ With MS-DOSversions2.0 and later, Function 40H (Write File or Device) should be
used in preference to Function 02H.

Related Functions

06H (Direct Console I/O)

09H (Display String)
40H CWrite File or Device)

Example
IOGGIOIOIGSGOIGGGIG dG GR aCa iaE AOR »;

;

i Function 02H: Character Output
i

int disp_ch(c)
char c;

Returns 0.

,
,
i
,

teeee
7

feRe ee He oe ee OB Re OO 2 ae ROa a a ok aaee a ROR kak RR OE

(more)
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cProc disp_ch, PUBLIC
parmB c
cBegin

mov dl,c ; Get character into DL.
mov ah,02h 7 Set function code.
int 21h ; Send character.
xor ax,ax ; Return 0.

cEnd

1192 TheMS-DOS Encyclopedia
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Interrupt 21H Function 03H

Interrupt 21H (33) 1.0 and later
Function 03H (3)
Auxiliary Input

Function 03H waits for a character from the standard auxiliary device and returns the
character in the AL register.

To Call

AH = 03H

Returns

AL = 8-bit character code

' Programmer’s Notes

®@ With versions 1.x of MS-DOS,Function 03H reads a character from thefirst serial port.
With versions 2.0 andlater, Function 03H reads from the standard auxiliary device
(AUX), which defaults to COM1.

® Function 03H waitsfor input until a character is available from the standard auxiliary
device.

® Function 03H is not interrupt driven and does not buffer characters received from the
standard auxiliary device. Asa result, it may not be fast enough for some telecom-
munications applications and data maybelost.

@ A program cannot perform error detection using Function 03H. On IBM PCs and com-
patibles, error detection is available through the ROM BIOS Interrupt 14H. Another
option is to drive the communications controller directly.

® Function 03H does not ensurethat auxiliary input is connected and working, nor does
it perform any error checking or set up the auxiliary input device. On IBM PCs and
compatibles, the standard auxiliary device, normally COM1,is set to 2400 baud, no
parity, 1 stop bit, and 8 databits at startup. These parameters can be changed with the
MS-DOS MODE command.

@ Someauxiliary input devices do not support 8-bit data transmission. This transmission
parameteris a characteristic of the device and the communication parameters to
whichit is set; it is independent of Function 03H.

@ IfaControl-C is detected at the console, Interrupt 23H (Control-C Handler Address)
is called.

@ With MS-DOSversions 2.0 and later, Function 3FH (Read File or Device), which han-
dles strings as well as single characters, should be used in preference to Function 03H.

Related Functions

04H (Auxiliary Output)
3FH (Read File or Device)
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Interrupt 21H Function 03H 

Example
7 A oe oe ok oe 2ioieee eo oe Ae eRe 2 oeoRoe oaooORR OK RK
; ;

; Function 03H: Auxiliary Input ;
; ?
7. int auvx_in() ;
7 ?
; Returns next character from AUX device. ?
? ?
JIG OSORIO IG GIGI IGOR IGOR FUG IO GR IOIGG CGI IOI a I a ia a Gk soi aca ack»

cProc aux_in, PUBLIC
cBegin

mov ah,03h 7 Set function code.
int 2th + Wait for character from AUX.
mov ah,0 7 Character is in AL

# so clear high byte.
cEnd

1194 The MS-DOS Encyclopedia
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Interrupt 21H (33) 1.0 and later
Function 04H (4)
Auxiliary Output

Function 04H sends a character to the standard auxiliary device.

To Call

AH = 04H

DL = 8-bit code for character to be output

Returns

Nothing

Programmer’s Notes

® With versions 1.x ofMS-DOS, Function 04H sendsa characterto thefirst serial port.
With versions 2.0 andlater, Function 04H sendsthe characterto the standard auxiliary
device (AUX), which defaults to COMI1.

@=Function 04H doesnot ensure that auxiliary output is connected and working, nor
doesit perform any error checking or set up the auxiliary output device. On IBM PCs
and compatibles, the standard auxiliary device, normally COMI,is set to 2400 baud,
noparity, 1 stop bit, and 8 databits at startup. These parameters can be changed with
the MS-DOS MODE command.

@ Function 04H doesnotreturn the status of auxiliary output, nor doesit return an error
codeif the auxiliary output device is not ready for data. If the device is busy, Function
04H waits untilit is available.

® Interrupt 23H (Contro]-C Handler Address) is called if a Control-C is detected at
the console.

@ With MS-DOSversions 2.0 and later, Function 40H CWrite File or Device), which man-
ages strings as well as single characters, should be used in preference to Function
04H.

Related Functions

03H (Auxiliary Input)
40H (Write File or Device)
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Interrupt 21H Function 04H 

Example

1196

FRR a ok ofc ke oe ke AR RoReA fee RRR ae RK OR eo ae oe ok eo Oo oe oO RRR EK

NeNeeS
a

;

;
’

7AEoeAOEOBRK OR RRKK RR RK |

cProc aux_out, PUBLIC
parmB c
cBegin

mov dl,c
mov ah,04h
int 2th
xor ax, ax

cEnd

The MS-DOS Encyclopedia

Function 04H: Auxiliary Output i

int aux_out (c)
char c;

Returns 0.

,
7
,
’

Get character into DL.
Set function code.
Write character to AUX.
Return 0.

Z
i  

OLYMPUSEX. 1010 - 1206/1582



OLYMPUS EX. 1010 - 1207/1582

 
Interrupt 27H Function 05H 

Interrupt 21H (33) 1.0 and later
Function 05H (5)
Print Character

Function 05H sends a character to the standard printer.

To Call

AH = 05H

DL = 8-bit code for character to be output

Returns

Nothing

Programmer’s Notes

@ With versions 1.x of MS-DOS,Function 05H sends a characterto thefirst parallel port
(LPT1). With versions 2.0 and later, Function 05H sends the characterto the standard
printer (PRN), which defaults to LPT1 unless LPT1 has been reassigned with the MS-
DOS MODE command.If redirectionis in effect, calls to this function send outputto
the device currently assigned to LPT1.

® Function 05H doesnotreturn the status of the standard printer, nor doesit return an
error codeif the standard printer is not ready for characters.If the printer is busy or off
line, Function 05H waits until it is available. MS-DOS does, however, perform error
checking during the print operation and send any error messagesto the standard error
device (normally the display).

e@ Ifa Control-C is detected at the console, Interrupt 23H (Control-C Handler Address)
. is called.

® With MS-DOSversions 2.0 andlater, Function 40H (Write File or Device) should be
used in preference to Function 05H.

Related Function

40H (Write File or Device)

Example
HOSS G SE IEG OEE EDE SOUR IG ECIIOEE IGE ICCIII IEE IIR;
; Z

Function 05H: Print Character

; int print—ch (c)
char ¢;

Returns 0. ;
‘’

JORGGIGIIOIGR GIG AC IGIOI RR RR i aOR ICICI ak aR a ak a cok AC ek oF >

(more)
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Interrupt 21H Function 05Hhatedeit

1198

cProc print_ch, PUBLIC
parmB c
cBegin

mov di,c
mov ah, 05h
int 21h
XOX ax, ax

cEnd

The MS-DOS Encyclopedia

sete

Get character into DL.
Set function code.
Write character to standard printer.
Return 0.
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Interrupt 21H (33) 1.0 and later
Function 06H (6)
Direct Console I/O

Function 06H reads a character from standard input or writes a character to standard
output.

To Call

AH =06H

For character input:

DL =FFH

For character output:

DL = 00-FEH (8-bit character code)

Returns

If DL was OFFH oncall and a character was ready:

Zeroflag is clear.

AL = 8-bit character code

If DL was OFFH oncall and no character was ready:

Zeroflagis set.

Programmer’s Notes

@ With MS-DOSversions 1.x, Function 06H reads a character from the keyboard or
sends a character to the display. With versions 2.0 andlater, input and output can be
redirected; Function 06H reads from the device currently assigned to standard input
or sendsto the device currently assigned to standard output.

@ Function 06H allowsall possible characters and control codes with values between
00H and OFEHto be read or written with standard input and outputand with nofilter-
ing by the operating system. The rubout character (OFFH, 255 decimal), however,
cannot be output with Function 06H; Function 02H (Character Output) should be used
instead.

® OnIBM PCs and compatibles, extended characters, such as those produced by the
Alt-O and F8 keys, are returned as 2 bytes. Thefirst byte, 00H, signals an extended
character; the second byte completes the key code. To read these characters, Function
06H mustbecalled twice.
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Interrupt 21H Function 06H

Related Functions

01H (Character Input with Echo)
02H (Character Output)
07H (Unfiltered Character Input Without Echo)
08H (Character Input Without Echo)
09H (DisplayString)
OAH (Buffered Keyboard Input)
OCH (Flush Buffer, Read Keyboard)
3FH (ReadFile or Device) :
40H (Write File or Device)

With MS-DOSversions 2.0 andlater, if standard input has been redirected, the value
OOH can also represent a null character from a file and, in that case, might not repre-
sent valid data. A program can use Function 44H C(IOCTL) Subfunction 00H (Get
Device Data) to determine whether standard input has been redirected.

® If Function 06H is an input request and a Control-C is read, the character is returned
as any other character would be. Interrupt 23H (Control-C Handler Address) is not
called.

® With MS-DOSversions2.0 andlater, Function 3FH (Read File or Device) and Function
40H (Write File or Device) should be used in preference to Function 06H.

Example

1200

RReoaAe eK a RR he eeaeRee okoRRB KK KR EF

ORR AE ke aRR GAR eR ae ee eREeeeRRfeo aORaRKR

cProc con.io, PUBLIC
parmB c
cBegin

mov dl,c ; Get character into DL.
mov ah,06h 7 Set function code.
int 2th ; This function does NOT wait in

; input case (c = OFFH)!
mov ah,0 ; Return the contents of AL.

cEnd °

The MS-DOSEncyclopedia

Function 06H: Direct Console 1/0 ;

int con_io({c) ?
char ¢; ;

Returns meaningless data if c is not OFFH, i
otherwise returns next character from 3

standard input. ;  
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Interrupt21H Function 07H

Interrupt 21H 33) 1.0 and later
Function 07H (7)
Unfiltered Character Input Without Echo

Function 07H waits for a character from standard input. It does not echo the characterto
standard output, andit ignores Control-C characters.

To Call

AH =07H

Returns

AL = 8-bit character code

Programmer’s Notes

_ @ With versions 1.x of MS-DOS, Function 07H reads input from the keyboard, With
versions 2.0 and later, Function 07H reads a character from standard input. Standard
input defaults to the keyboard butcan be redirected to anotherdeviceortoafile.

@=Function 07H waits for inputif a character is not available. A wait-can be avoided by
calling Function OBH (Check Keyboard Status), which checks whethera characteris
available from standard input, and then calling Function 07H if a characteris ready.

@ On/JIBM PCs and compatibles, extended characters, such as those produced by the
Alt-O and F8 keys, are returned as 2 bytes. The first byte, OOH, signals an extended
character; the second byte completes the key code. To read these characters, Function
07H must be called twice.

With MS-DOSversions 2.0 andlater, if standard input has been redirected, the value
00H can also represent a null character from a file and, in that case, might not repre-
sent valid data. A program can use Function 44H (IOCTL) Subfunction 00H (Get
Device Data) to determine whether standard input has been redirected.

® Interrupt 23H (Control-C Handler Address) is not called if a Control-C is read. Func-
tion 07H simply passes the character back throughthe ALregister. If Control-C check-
ing is required, Function 08H (Character Input Without Echo) should beusedinstead.

@ With MS-DOSversions 2.0 andlater, Function 3FH (Read File or Device) should be
used in preference to Function 07H.

Related Functions

01H (Character Input with Echo)
06H (Direct Console I/O) ~
08H (Character Input Without Echo)
OAH (Buffered Keyboard Input)
OCH (Flush Buffer, Read Keyboard)
3FH (Read File or Device)

Section V: System Calls 1201

OLYMPUSEX. 1010 - 1211/1582



OLYMPUS EX. 1010 - 1212/1582

Interrupt 27H Function 07H 

Example
JOSSIIRIGG SIGGIGI TOR AGI GR AGA I OR AGAR ACR AOR AG»

; Function 07H: Unfiltered Character Input i
; Without Echo ;
; ;
; int con_in() ;
’

? Returns next character from standard input.
? ?
fk oR eREeeReCe eeeeefeo oe oR eR oO A >

eProc con_in, PUBLIC
cBegin

mov ah,07h ; Set function code.
int 21h ; Wait for character, no echo.
mov ah,0 ; Clear high byte.

cEnd
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Interrupt 21H Function 08H

Interrupt 21H (33) 1.0 and later
Function 08H (8)
Character Input Without Echo

Function 08H waits for a character from standard input. The characteris not echoed to
standard output.

To Call

AH = 08H

Returns

AL = 8-bit character code

Programmer’s Notes

@ With versions 1.x of MS-DOS, Function 08H reads input from the keyboard. With
versions 2.0 and later, Function 08H reads a character from standard input. Standard
input defaults to the keyboard but can be redirected to anotherdevice ortoafile.

® Function 08H waits for input ifa character is not available. A wait can be avoided by
calling Function OBH (Check Keyboard Status), which checks whethera characteris
available, and then calling Function 08H if a characteris ready.

@ OnIBM PCs and compatibles, extended characters, such as those produced by the
Alt-O and F8 keys, are returned as 2 bytes. Thefirst byte, 00H, signals an extended
character; the second byte completes the key code. To read these characters, Function
08H must be called twice.

With MS-DOSversions 2.0 andlater, if standard input has been redirected, the value
00H can also representa null character fromafile and,in that case, might not repre-
sent valid data. A process can use Function 44H CLOCTL) Subfunction 00H (Get
Device Data) to determine whether standard input has been redirected. —

® Ifa Control-C is read and (with versions 2.0 and later) input has not been redirected,
Interrupt 23H (Control-C Handler Address) is called. To read the Control-C character
as data, Function 07H (Unfiltered Character Input Without Echo) should be used.

© Interrupt 23H (Control-C Handler Address) is called if Control-C is the input character,
Break is enabled, and (with versions 2.0 andlater) standard input has been redirected
to come fromafile.

® With MS-DOSversions 2.0 and later, Function 3FH (Read File or Device) should be
used in preference to Function 08H.

Related Functions
01H (Character Input with Echo)
06H (Direct Console I/O)

07H (Unfiltered Character Input Without Echo)
OAH (Buffered Keyboard Input)
OCH (Flush Buffer, Read Keyboard)
3FH (Read File or Device)
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Example
OE Ri ake oe ake oe eeRReeoe ae Se RO oe SR oe eoSe ke ok oe ok oR odoeR
; ;

; Function 08H: Unfiltered Character Input Without Echo ;

; int read_kbd() ;

; Returns next character from standard input. ;' ‘

JOO GISICISISC ICICI ICI ICICICIIOISIGIOIGI II GICI I ISIOICIOICICICIGICIOIGIC i HCHO ICA ICICI a ACH AICI

cProc read_kbd, PUBLIC
cBegin

mov ah, 08h 7 Set function code.
int 21h ; Wait for character, no echo.
mov ah,0 ; Clear high byte.

cEnd ,
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Interrupt 21H Function 09H

Interrupt 21H (33) 1.0 andlater
Function 09H (9)
Display String

Function 09H sends a string of characters to standard output. The string must end with the
dollar-sign character ($). All characters upto, but not including, the $ are displayed.

To Call

AH = 09H

DS:DX = segment:offset of string to display

Returns

Nothing

Programmer’s Notes

@ With MS-DOSversions 1.x, Function 09H sendsthe string to the display. With versions
2.0 andlater, the string is written to standard output. By default, standard outputis
sent to the display, but it can be redirected to another deviceortoafile.

@ Thestring can inchide any valid ASCII characters,including control codes. Sending a
dollar sign with this function, however,is not possible.

@ Depending on the device currently serving as standard output, characters other than
the normally displayable ASCII characters (20H to 7FH) may or may not be displayed.
On IBM PCs and most compatibles, extensions to the displayable ASCII character set
(character codes 80H to FFH) appearas foreign or graphics characters.

@ Display begins at the current cursor position on standard output. Afterthe stringis
completely displayed, the cursor position is updatedto the location immediately
followingthestring.

On IBM PCs and compatibles, if the end of a line is reached beforethe string is com-
pletely displayed, a carriage return and linefeed are issued and the next characteris
displayedin thefirst position of the following line. If the cursor reaches the bottom
right cornerof the display before the complete string has been sent, the displayis
scrolled up one line.

® Control characters are often included in the string to be sent. The following sample
fragment of code contains carriage returns and linefeeds:

msg db "Resident part of TSR.COM installed’
db Odh, Oah
db ‘Copyright (c) 19xx Foo Software, Inc.’
db Odh, Oah, Oah, Qah
db 'S?

@ Ifa Control-C is detected, Interrupt 23H (Control-C Handler Address) is called.
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@ With MS-DOSversions 2.0 andlater, Function 40H (Write File or Device) should be

used in preference to Function 09H.

Related Functions

02H (Character Output)
06H (Direct Console I/O)
40H (Write File or Device)

Example
faAe RE ERee kee HE eeeee aE eeee keeeoR Oo 2 AKaRH
i i

; Function 09H: Display String ?
i ;

; int disp_str(pstr) ;
‘ char *pstr; :
; ,
; Returns 0. ;
?

cProc disp_str, PUBLIC, <ds,di>
parmDP pstr
cBegin

loadDFP
mov

push
pop

mov
mov

repne
dec

mov
int
mov
xor

cEnd

ds,dx,pstr
ax,0900h

es

di,dx
ex, 0ffffh
scasb
di

byte ptr [di],'$
21h

{diJ,al
ax,ax

1206 The.MS-DOSEncyclopedia

i

PS aRe ie Ae ae ke2 oR kee ee OoBe ke eeaRKROR OKRRKE

; DS:DX = pointer to string.
Prepare to write dollar-terminated
string to standard output, but
first replace the 0 at the end of

; the string with 'S'.
Set ES equal to DS.
(MS-C does not require ES to be
saved.)

ES:DI points at string.
; Allow string to be 64KB long.

Look for 0 at end of string.
Scasb search always goes 1 byte too
far.

7 Replace 0 with dollar sign.

Have MS-DOS print string.
Restore 0 terminator.

; Return 0.
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Interrupt 21H (33) 1.0 andlater
Function 0AH (10)
Buffered Keyboard Input

Function 0AH collects characters from standard input andplaces them in a user-specified
memory buffer. Input is accepted until either a carriage return (ODH) is encountered or the
bufferis filled to one character less than its capacity. The characters are echoedto stan-
dard output.

To Call

AH = 0AH

DS:DX = segment:offsetof input buffer

Returns

Nothing

Programmer’s Notes

® With MS-DOSversions1.x, Function 0AH readsa string from the keyboard. With
versions 2.0 andlater, calls to this function read a string from standard input, which
defaults to the keyboard but can be redirected to another device or toafile. The
MS-DOSediting keys are active during input with this function.

® The buffer pointed to by DS:DX musthave the following format:

Byte Contents

0 Maximum numberof characters to read (1-255); this value mustbe set
by the process before Function OAHis called.

1 Count of characters read (does not includethe carriage return);
this value is set by Function OAH before returning to the process.

2-—(m+2) Actual string of characters read, including the carriage return; 2 =
numberof bytesread.

@ Thefirst byte of the buffer must contain the maximum numberofcharacters the
program will accept, including the carriage return at the end. Because thelast byte
mustbe a carriage return, the maximum number ofbytes this function will actually
read is 254. The carriage return is not includedin the character count returned by
MS-DOSin the second byte of the buffer.

@ ifthe bufferfills to 1 byte less than its capacity, succeeding characters are ignored and
a beep is sounded for each keypress until a carriage return is received.

@ fa Control-C is detected and (with versions2.0 andlater) input has not beenredi-
rected, Interrupt 23H (Control-C Handler Address) is called.

@ With versions 2.0 andlater,if standard input has been redirected to come fromafile,
Break must be enabledfor Interrupt 23H (Control-C Handler Address) to be called
when Control-C is the input character.
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@ With MS-DOSversions 2.0 andlater, if input is redirected, an end-of-file condition
goes undetected by Function OAH.

Related Functions

01H (Character Input with Echo)
06H (Direct Console I/O)

07H (Unfiltered Character Input Without Echo)
08H (Character Input Without Echo)
OCH (Flush Buffer, Read Keyboard)
3FH (ReadFile or Device)

Example
fee Ae ae oe a ee ee fe CE ee RE oie ee fee kee Re 2 ee ke ook Ee ie oe ae oe ie oe oe oe OR oe okie oe ok ake ok
?

Function 0AH: Buffered Keyboard Input i

; int read_str (pbuf, len) ;
; char *pbuf; ;
? int len; ;

; Returns number of bytes read into buffer. i

Note: pbuf must be at least lent+3 bytes long. ?

DOGG GIGIG IG FG IGRI HIG RGR RIGGS I ICRI ICG: deca ac aC GCG ae ae ae ok ee eke ae a ae

cProc read_str, PUBLIC, <ds,di>
parmDP pbuf
parmB lien
cBegin

loadDP ds,dx,pbuf 7 DS:DX = pointer to buffer.
mov al,len ; AL = len.
inc al ; Add 1 to allow for CR in buf.
mov di,dx
mov (diJ,al Store max length into buffer.
mov" ah, Oah Set function code.

int 21h ; Ask MS-DOS to read string.
mov al, [di+1} ; Return number of characters read.
mov ah, 0
mov bx, ax
mov {bx+di+2],ah Store 0 at end of buffer.

cEnd

TheMS-DOS Encyclopedia
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Interrupt 21H (33) 1.0 andlater
Function 0BH (11)
Check KeyboardStatus

Function OBH returns a value in AL that indicates whether a characteris available from

standard input.

To Call

AH = 0BH

Returns

AL =00H no character available

FFH one or more characters available

Programmer’s Notes

® With MS-DOSversions 1.x, Function OBH checksthe type-ahead buffer for a char-
acter. With versions 2.0 andlater, if input has been redirected, Function OBH checks
standard inputfor a character.If input has not been redirected, the function checks
the type-ahead buffer.

@ Function OBH doesnot indicate how manycharactersare available; it merely indicates
whetheratleast one characteris available.

®@ If the available character is Control-C, Interrupt 23H (Control-C Handler Address) is
_ called.

® Function OBH does not remove characters from standard input. Thus,if a characteris
present, repeated calls return OFFH in AL until all characters in the buffer are read,
either with one of the character-input functions (01H, 06H, 07H, 08H, or OAH)orwith
Function 3FH (Read File or Device) using the handle for standard input (0). ,

Related Functions

06H (Direct Console I/O)

44H Subfunction 06H (IOCTL: Check Input Status)

Example
FERFRaRe2oR oR OBO ak OOOoeOO RK KK KR KR AK >
; 7

Function OBH: Check Keyboard Status

; int key_ready() ;
;

; Returns 1 if key is ready, 0 if not. ;
3;

JOGOII IOISIO GIORGIOICICI ICICI ICC ICI ICICI ICI I ACI Ca ACA a aC A 5

(more)
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1210

eProc key_ready, PUBLIC
cBegin

mov ah, Obh
int 21h

and ax,0001h
cEnd

:

TheMS-DOS Encyclopedia

; Set function code.

; Ask MS-DOS if key is available.
; Keep least significant bit only.
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Interrupt 21H (33) LO and later
Function 0CH (12) |
Flush Buffer, Read Keyboard

Function OCH clears the standard-input buffer and then performs oneof the other
keyboard input functions (01H, 06H, 07H, 08H, 0AH).

To Call

AH = 0CH

AL = input function numberto execute

If AL is 06H:

DL = FFH

IfALis OAH:

DS:DX = segment:offset of buffer to receive input

Returns

If AL was 01H, 06H, 07H, or 08H on call:

AL = 8-bit ASCII character from standard input

If AL was OAH oncall:

Nothing

Programmer’s Notes

@ With versions 1.x of MS-DOS, Function 0CH empties the type-ahead buffer before
executing the input function specified in AL. With versions 2.0 andlater,if input has
beenredirectedto a file, Function 0CH does nothing before carrying out the input
function specified in AL; if input was not redirected, the type-ahead buffer is flushed.

eA function numberother than 01H, 06H, 07H, 08H, or OAH in AL simply flushes the
standard-input buffer and returns control to the calling program.

e@ If AL contains OAH; DS:DX mustpointto the buffer in which MS-DOSis to place the
string read from the keyboard.

@ Because the bufferis flushed before the input function is carried out, any Control-C
characters pendingin the buffer are discarded. If subsequent input is a Control-C,
however, Interrupt 23H (Control-C Handler Address)is called if Gin versions 2.0 and
later) standard input has not been redirected to come froma file.

® With versions 2.0 andlater, if standard input has been redirected to comefromafile
and, after the bufferis flushed, subsequentinputis a Control-C character, Interrupt
23H (Control-C handler address) is called only if Break is enabled.

@ This function exists to defeat the type-aheadfeatureifnecessary— for example, to
obtain inputat a critical prompt the user may nothaveanticipated.
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Related Functions

01H (Character Input with Echo)
06H (Direct Console I/O)

07H (Unfiltered Character Input Without Echo)
08H (Character Input Without Echo)
OAH (Buffered Keyboard Input)
3FH (Read File or Device)

Example
Fe oe oo Ee EAC Ae ee 2 ee i ReOA A OR 2ee Ee EC oo oe oe oe oR Ko OK a AO OR OH

; Function OCH: Flush Buffer, Read Keyboard ;
; ;

; int flush_kbd () ?
i :

; Returns 0. ;

(7 ee 2 oR ke a ae Ae oie ee 2 ke A a a ReOEEKAoo oR2ORO OK oO Ok HK

cProc flush_kbd, PUBLIC

cBegin
mov ax,0c00h_ . ; Just flush type-ahead buffer.
int 21h ; Call MS-DOS.
xOr ax,ax ; Return 0.

cEnd
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Interrupt 21H (33) 1.0 andlater
Function 0DH (13)
Disk Reset

Function ODH writes to disk all internal MS-DOSfile buffers in memory that have been
modified since the last write. All buffers are then marked as “free.”

To Call

AH = 0DH

Returns

Nothing

Programmer’s Notes

® Function 0DH ensuresthat the information stored on disk matches changes made by
write requeststo file buffers in memory.

@ Function 0DH does not update the disk directory. The application must issue Func-
tion 10H (Close File with FCB) or Function 3EH (Close File) to update directory infor-
mation correctly.

@ Function 0DH should bepart of Control-C interrupt-handling routinesso that the
system is left in a known state when an application is terminated.

@ Disk Reset calls can be issued after particularly important disk write calls, such as
transactions in an accounting application. Repeated use ofthis function, however,
degrades system performance by defeating the MS-DOSbuffering scheme.

Related Functions

10H (Close File with FCB)

3EH (CloseFile)

Example
PGROIORFO ICRC ACI GOR TOOK EC ACAD A FOR ACC ACER dO OR ACER

,
Function ODH: Disk Reset ;

; int reset_disk () ;

; Returns 0. i
7

6 oe Ro oe eRe i ee a a ie Re AR Nei ie HC EOCSekeeoaK OOK ok RRR

(more)
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cProc reset_disk, PUBLIC
cBegin

mov ah, Odh ; Set function code.
int 21h + Ask MS-DOS to write all dirty file

+ buffers to the disk.
xor ax,ax 7 Return 0.

cEnd

1214 The MS-DOS Encyclopedia
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Interrupt 21H Function OEH

Interrupt 21H (33) ; 1.0 andlater
Function 0EH (14)
Select Disk

Function OEHsets the default disk drive to the drive specified in the DL register. The
default is the disk drive MS-DOSchoosesfor file access whenafilenameis specified
withouta drive designator. A successfulcall to this function returns the numberof logical
(not physical) drives in the system.

To Call

AH =0EH

DL = drive number(0 = drive A, 1 = drive B, 2 = drive C, and so on)

Returns

AL = numberoflogical drives in the system

Programmer’s Notes

® The value used as a drive numberis the ASCII value of the uppercase drive letter
minus the ASCII value of the uppercaseletter A (41H); thus, 0 = drive A, 1= drive B,
and so on.

A logical drive is defined as any block-oriented device; this category includes floppy-
disk drives, RAMdisks, tape devices, fixed disks (which can be partitioned into more
than onelogical drive), and network drives.
The maximum numbersof drive designators available for each MS-DOSversion are as
follows:

MS-DOSVersion NumberofDesignators . Values

1x 16 0 through OFH
2x 63 0 through 3FH
3.x 26 0 through 19H

Drive letters should be limited to A through P (0 through OFH) to ensure that an
application runs on all versions of MS-DOS.
With versions of MS-DOSearlier than 3.0 running on IBMPCs and compatibles with
one floppy-disk drive, Function OEH returns 02H as the drive count, because the
single physical drive is equivalentto the twological drives A and B. MS-DOSversions
3.0 and later return a minimum value of 05H in AL.

On IBM PCsand compatibles, the numberof physical floppy-disk drives in a system
can beobtained from the ROM BIOSwith Interrupt 11H (Equipment Determination).
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Related Function

19H (Get Current Disk)

Example
OR ke 9 oe oR Re ORee2BRRFR ae OR ok oO OR OK ok oO RR RR RK >
7

,
‘

?

Function OEH: Select Disk ;
;

int select_drive (drive_ltr) i
char drive_ltr;

Returns number of logical drives present in system. ;’

BER A Re ee eo eo ao ae AE RRR oe oe Re Ae 2 ee HE ee ee ke a ee eke oko ok ak a oH

cProc select—_drive, PUBLIC
parmB drive_ltr
cBegin

mov dl,drive_itr
and dl,not 20h
sub dl,'A'

mov ah, 0eh
int 21h
cbw

cEnd

1216 The MS-DOS Encyclopedia

’ Get new drive letter.

Make sure letter is uppercase.
Convert drive letter to number,
'A' = 0, 'B' = 1, etc.
Set function code.
Ask MS-DOS to set default drive.

Clear high byte of return value.
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Interrupt 21H (33) 1.0 and later
Function OFH (15)
Open File with FCB

Function OFH opensthefile namedin the file control block (FCB) pointed to by DS:DX.

To Call

AH = 0OFH

DS:DX = segment:offset of an unopened FCB

Returns

If function is successful:

AL = 00H

If function is not successful:

AL = FFH

Programmer’s Notes

@ MS-DOSprovidesseveral types offile services: FCB file services, which are relatively
compatible with the CP/M methodsoffile handling; extended FCBfile services, which
take advantage of both CP/M compatibility and MS-DOS extensions, and handle, or
“stream-oriented,”file services, which are more compatible with UNIX/XENIX and
support pathnames (MS-DOSversions 2.0 andlater).

® Function OFH does not support pathnamesandso is capable of openingfiles only in
the current directory of the specified drive.

® Function OFH doesnotcreate a newfile if the specified file does not already exist.
Function 16H (Create File with FCB) is used to create new files with FCBs.

® Function OFH must use an unopened FCB—thatis, one in which all but the drive-
designator, filename, and extensionfields are zero. If the cal! is successful, the func-
tion fills in the file size and date fields from the file’s directory entry. In MS-DOS
versions 2.0 andlater, the function also fills in the timefield.

@ Ifthefile is opened on the default drive (the drive numberin the FCBis set to 0),
MS-DOSfills in the actual drive code. Thus,at somelater point in processing, the
default drive can be changed and MS-DOSwill still have the drive numberin the FCB
for use in accessing thefile. It will therefore continue to use the correct drive.

® If Function OFH is successful, MS-DOSsets the current-block field to 0; that is, the file
pointeris at the beginningofthefile. It also sets the record size to 128 bytes (the
system default).

® Ifarecord size other than 128 is needed, the record size field of the FCB should be
changedafterthefile is successfully opened and before attempting any I/O.
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@ Inanetwork running under MS-DOSversion 3.1 orlater, files are opened by Function
OFH with the share code set to compatibility mode and the access codeset to read/
write.

@ If Function OFH returns an error code (OFFH)in the AL register, the attempt to open
the file was not successful. Possible causes for the failure are

— File was not found.

- File has the hiddenor system attribute and a properly formatted extended FCB was
not used.

— Filename was improperly specified in the FCB.
— SHAREis loaded andthefile is already open by another process in a mode other

than compatibility mode.
@ With MS-DOSversions 3.0 and later, Function 59H (Get Extended Error Information)

can be used to determine why the attemptto openthefile failed.
® MS-DOSpassesthe first two command-tail parameters into default FCBs located at

offsets 5CH and 6CH in the program segmentprefix (PSP). Many applications
designed to run as .COMfiles take advantage of one or both of these default FCBs.

@® With MS-DOSversions2.0 andlater, Function 3DH (OpenFile with Handle) should be
used in preference to Function OFH.

Related Functions

10H (Close File with FCB)

16H (Create File with FCB)
3CH (Create File with Handle)

3DH (OpenFile with Handle)
3EH (Close File)
59H (Get Extended Error Information)

5AH (Create Temporary File)
5SBH (Create New File)

Example
SGOTIII IGOOR IOI IO CICIOR ICICI GI IGRI AGI

Function 0FH: Open File, FCB-based

int FCB_open (uXFCB, recsize)
char *uXFCB;
int recsize;

Note: uXFCB must have the drive and filename

fields (bytes 07H through 12H) and the extension
flag (byte 00H) set before the call to FCB_open
(see Function 29H).

i
;
’
;
;
;
i
r
;

3
;
;
;
,
,

i
,

i
;

7 :

; Returns 0 if file opened OK, otherwise returns -1.

,
;

;
;

FOIGGICG OR OICIOR RAC G I IGH HCE SCC fe ak OR Ce HR of aC ae fe ace oi ake eo ake fe a HGR a ake

(more)
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cProc FCB_open, PUBLIC,ds
parmDP pvuXFCB
parmw recsize
cBegin

loadDP ds,dx,puXFCB # Pointer to unopened extended FCB.
mov ah, 0fh + Ask MS-DOS to open an existing file.
int 21h

add ax,7 + Advance pointer to start of regular
+; FCB.

mov bx, dx + BX = FCB pointer.
mov dx, recsize ; Get record size parameter.
mov [bx+0eh], dx ; Store record size in FCB.
xor ax, dx
mov (bx+20h),dl 7 Set current-record
mov {bx+21h],dx ; and relative-record
mov (bx+23h),dx + fields to 0.
cbhw ; Set return value to 0 or -1.

cEnd
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Interrupt 21H (33) 1.0 and later
Function 10H (16)
Close File with FCB

Function 10H flushesfile-related information.to disk, closes the file namedin the file con-
trol block (FCB) pointed to by DS:DX, and updatesthe file’s directory entry.

To Call

AH ' =10H

DS:DX = segment:offset of previously opened FCB

Returns

If function is successful: *

AL = 00H

If function is not successful:

AL = FFH

Programmer’s Notes

@ <Asuccessful call to Function 10H flushes to disk all MS-DOSinternal buffers associ-

ated with the file and updatesthe directory entry andfile allocation table (FAT). The
function thus ensures that correct information is contained in the copyofthefile on
disk.

@ Because MS-DOSversions1.x and 2.x do not always detect a disk change, an error
can occurif the user changes disks between the timethefile is opened andthe time
it is closed. In the worst case, the FAT and the directory of the newly inserted disk
may be damaged.

@ With MS-DOSversions2.0 andlater, Function 3EH (Close File) should be used in
preference to Function 10H.

Related Functions

OFH (OpenFile with FCB)
3EH (CloseFile)
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Example

cProc

parmDP
cBegin

cEnd

Interrupt 21H Function 10H 

CBBCCCRCCIRC CCCIIIGIC ICICI TOGA RA RIOR HORE:;

; - Function 10H: Close file, FCB-based ;
; ;
? int FCB_close (oXFCB) ;
; char *oXFCB; ;
? ;
; Returns 0 if file closed OK, otherwise ;; returns -1.
,

;
i

FROETCCCRIOR ICICI ICICIICR AOR AACR A ACA HO Aa

FCB.close, PUBLIC, ds
POXFCB

loadDP ds,dx,poXFCB
mov ah, 10h
int 21h
cbhw

+ Pointer to opened extended FCB.
7 Ask MS-DOS to close file.

f
Set return value to 0 or -1.

Section V: System Calis=1221
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Interrupt 21H (33) 1.0 and later
Function 11H (17)
FindFirst File

Function 11H searches the currentdirectory for thefirstfile that matches a specified name
and extension.

To Call

AH =11H

DS:DX = segment:offset of unopenedfile control block (FCB)

Returns

If function is successful:

AL = 00H

Disk transfer area-(DTA) contains unopened FCB of same type (normal or extended) as
search FCB.

If function is not successful:

AL = FFH

Programmer’s Notes

® Ifnecessary, Function 1AH (Set DTA Address) should be used before Function 11His
called, to set the location of the DTA in whichtheresults of the search will be placed.

@ With MS-DOSversions1.0 andlater, the wildcard character? is allowed in the
filename. With MS-DOSversions3.0 andlater, both wildcard characters ? and *) are
allowedin filenames. Pathnames are not supported.

@ With MS-DOSversions 2.0 andlater, the attribute field of an extended FCB can be
usedto searchforfiles with the hidden, system, subdirectory, or volume-labelattri-
butes. In such a search,specifying either the normal (00H)or volume-label (08H)
attribute restricts MS-DOStofiles with the given attribute. Specifying any combina-
tion of the hidden (02H), system (04H), and subdirectory (10H)attributes, however,
causes MS-DOSto search both for normalfiles and for those that match the specified
attributes.

® Fora normal FCB, Function 11H places the drive numberin thefirst byte of the DTA
andfills the succeeding 32 bytes with the directory entry.

For an extended FCB, Function 11Hfills in the first 7 bytes of the DTA as follows: the
first byte contains OFFH,indicating an extended FCB; the second throughsixth bytes
contain 00H, as required by MS-DOS;the seventh byte contains the valueof the at-
tribute byte in the search FCB. The next 33 bytes contain the drive numberanddirec-
tory information, as for a normal FCB.
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@ As with other FCB functions, the number0 can beusedto indicate the default drive.
MS-DOSfills in the actual drive number and continuesto use that drive for calls to
Function 12H (Find NextFile) that use the same FCB,regardless of any subsequent
selection of a different default drive.

@ The FCB withtheinitialfile specifications must remain unmodified if Function 12H is
used to continue the search.

@=Error reporting in Function 11H is incomplete. An error return (OFFH in the AL regis-
ter) does not always meanthatthefile does not exist. Other possibilities include
— Filename inthe FCB was improperly specified.
— Ifan extended FCB wasused, nofiles match theattributes given.

With MS-DOSversions3.0 and later, Function 59H (Get Extended Error Information)
can be usedto obtain additional information aboutthe error.

@ With MS-DOSversions 2.0 andlater, Functions 4EH (FindFirst File) and 4FH (Find
NextFile) should be used in preference to Functions 11H and 12H.

Related Functions

12H (Find NextFile)
1AH (Set DTA Address)

4EH (FindFirst File)

4FH (Find NextFile)

Example
FRE RRRRRRRRRReeROR RR
7 ;

Function 11H: Find First File, FCB-based ;

; int FCB_first (puXFCB, attrib) ;
; char *puXFCB; ?
; char attrib; ;

; Returns 0 if match found, otherwise returns -1. ;
? ?

; Note: The FCB must have the drive and ;

7 filename fields (bytes 07H through 12H) and 3
; the extension flag (byte 00H) set before ?
; the call to FCB_first (see Function 29H). i

BR RR 9 OR OReRARRRROCek a ok a eR Co ao
y

(more)
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cProc FCB_first, PUBLIC,ds
ParmDP puXFCB
parmB attrib
cBegin

loadDP ds, dx,puXFCB ; Pointer to unopened extended FCB.
mov bx, ax ; BX points at FCB, too.
mov al,attrib ; Get search attribute.
mov {bx+6),al 7; Put attribute into extended FCB

; area.

mov _ byte ptr [bx],0ffh ; Set flag for extended FCB.
mov ah,1th + Ask MS-DOS to find 1st matching

; file in current directory.
int 21h 7; If match found, directory entry can

; be found at DTA address.
chw 7 Set return value to 0 or -1.

cEnd
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Interrupt 21H (33) 1.0 and later
Function 12H (18)
Find Next File

Function 12H searchesthe current directory for the next file that matchesa specified
filename and extension. The function assumes a previous successfulcall to Function 11H
(Find First File) with the samefile control block (FCB).

To Call

, AH = 12H

DS:DX = segment:offset of search FCB

Returns

If function is successful:

AL = 00H

Disk transfer area (DTA) contains unopened FCB of same type (normal or extended) as
search FCB.

If function is not successful:

AL = FFH

-Programmer’s Notes
® Function 12H assumesthat a successful call to Function 11H (FindFirst File) has been

completed with the same FCB. The FCB specifies the search pattern. This function
also assumesthat the wildcard character ? appears at least once in the filename or
extension specified. ,

@=Anerror (indicated by OFFH returned in register AL) does not necessarily mean that
a file matching thefile specification does not exist in the current directory. MS-DOS
relies on certain information that appears in the search FCBinitialized by Function
11H,so it is important notto alter that FCB either between calls to Functions 11H and
12H or between subsequentcalls to Function 12H.

@® If drive code 0 (the default drive) was used in the call to Function 11H, MS-DOS has
already filled in the actual drive numberfor the current directory. MS-DOS continues
to use that drive for all calls to Function 12H that use the same FCB,regardless of the
default drive in effect at the time of the call.

@ With MS-DOSversions 2.0 and later, Functions 4EH (Find First File) and 4FH (Find
Next File) should be used in preference to Functions 11H and 12H.
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Related Functions

1H CFindFirst File)
1AH (Set DTA Address)

4FH (FindFirst File)

4FH (Find Next File)

Example
PR ROR ARACAO A AR AOR AR A ARR RO ROR AC OR ACR AR RO IR RR ARB 7

; Function 12H: Find Next File, FCB-based ?

i int FCB_next (puXFCB) i
; char *puXFCB; 7
;? 7

; Returns 0 if match found, otherwise returns -1. ;

; Note: The FCB must have the drive and ?
; filename fields (bytes 07H through 12H) and ;
? the extension flag (byte 00H) set before ;
; the call to FCB_next (see Function 29H). ;

f

7Be Re aeRoe ee ie oe 2 Fc oC ee Deoeoe oeee eo oR Ke ok aK aE Rp

cProc FCB_next, PUBLIC, ds
parmDP puXFCB
cBegin

loadDP ds,dx,puXFCB ; Pointer to unopened extended FCB.
mov ah, 12h 7 Ask MS-DOS to find next matching

; file in current directory.
int 21h ; If match found, directory entry can

7 be found at DTA address.
cbw ; Set return value to 0 or -1.

cEnd
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Interrupt 21H (33) 1.0 and later

Function 13H 9)
Delete File.

Function 13H deletes all files matching a specified name and extension from the current
directory.

To Call

AH = 13H

DS:DX = segment:offset of an unopenedfile control block (FCB)

Returns

If function is successful:

AL = 00H

If function is not successful:

AL = FFH

Programmer’s Notes

@ The wildcard character ? can be used to match any character or sequenceofcharac-
ters in specifying the filename and extension.

@ Openfiles must not be deleted.
Function 13H does not support pathnames.

@=Anerror (indicated by OFFH returned in register AL) does not necessarily mean that
the filename specified does not exist in the current directory. Other possible causes
for an error include

— Filenamein the FCBis improperly specified.
~ File is a read-only, hidden, or system file and an extended FCB with the appropri-

ate attribute byte was not used.
— Program attempted to delete a volumelabel and the label doesnot exist or a prop-

erly formatted extended FCB wasnotused.
~ Innetworking environments,file is locked or access rights are insufficient for

deletion.

® MS-DOSremovesfile allocation table (FAT) mapping forthefile or files deleted by
this function and flushes the FATto disk to ensure that the disk contains a correct

table. The first character of the filenamein the directory entry is replaced by the value
OESH,indicating a deletedfile.

@ Becausethe function does not physically erase data, use of Function 13H aloneis not
sufficient in security-critical applicationsthat strictly prohibit viewing the data.
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® Onnetworks running under MS-DOSversions3.1 andlater, the user must have Create
accessrights to the directory containing thefile to be deleted.

® Because Function 13H deletesall files matching a givenfile specification, a conser-
vative approachis to use a combination of Functions 11H (FindFirst File) and 12H
(Find NextFile) to buildalist offiles matchingthefile specification and then obtain
confirmation from the user before deleting the files in thelist.

@® With MS-DOSversions 2.0 and later, Function 41H (Delete File) should be used in

preference to Function 13H.

Related Function

41H (Delete File)

Example
ESS GSCOHEC GEES UGS ISOSUCSCE OO GU IIE OGRE IOOEE DORE EK,

Function 13H: Delete File(s), FCB-based ;

; int FCB_delete (uXFCB) ;
: char *uXFCB; :

; Returns 0 if file(s) were deleted OK, otherwise ;
; returns -1. 3

; Note: uXFCB must have the drive and :

; filename fields (bytes 07H through 12H) and ?
7 the extension flag (byte 00H) set before i
; the call to FCB_delete (see Function 29H). ;

fFDe a SEAER fe HC Aeeeoe RC oe ake kfc eo ek a ok Sok aR OK

cProc FCB_delete, PUBLIC, ds
parmDP puXFCB
cBegin

loadDP ds,dx, puXFCB 7 Pointer to unopened extended FCB.
mov. ah,13h 7 Ask MS-DOS to delete file(s).
int 21h , ‘

cbhw 7 Return value of 0 or -1.
cEnd
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Interrupt21H (33) 1.0 and later
Function 14H (20)
Sequential Read

Function 14H reads the next sequential block of data from a file and places the data in the
current disk transfer area (DTA).

To Call

AH = 14H

DS:DX = segment:offset of a previously openedfile control block (FCB)

Returns

AL = 00H read successful

01H endoffile encountered; no data in record
02H DTA too small (segment wrap error); read canceled
03H endoffile; partial record read

If AL = 00H or 03H:

DTAcontains data read from file.

Programmer’s Notes

If necessary, Function 1AH (Set DTA Address) should be used to set the base address
of the DTA before Function 14H is called. The default DTA is 128 bytes andis located
at offset 80H of the program segmentprefix (PSP). If record sizes larger than 128 bytes
will be used, the program must change the DTA address to point to a buffer of ade-
quate size.
The read process beginsat the current position in the file. When the read is complete,
Function 14H increments the current-block and current-record fields of the FCB.

Thesize of the record loaded into the DTAis specified in the recordsizefield of the
FCB.The default is 128 bytes, set by Function OFH (OpenFile with FCB) or Function
16H (Create File with FCB). If the record size is not 128 bytes, the application mustset
the record size correctly before issuing any reads.
Function OFH doesnotfill in the current-record field of the FCB when openinga file,
so this field must be explicitly set (usually to zero) before the first call to Function
14H. The record pointer, which includes the current-block and current-recordfields of
the FCB,is incremented when Function 14H is successfully completed.
Function 14H deals with fixed-length records only. Buffering logic must be added to
an application ifvariable-length records are to be manipulated.
Theblock of data to be read can be chosen by changing the current-block and
current-record fields of the FCB.
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® Partial records read at the end of a file are padded with zeros to the requested record
length.

@ Onnetworks running under MS-DOSversion 3.1 orlater, the user must have Read
accessrights to the directory containingthefile to be read.

® With MS-DOSversions 2.0 and later, Function 3FH (ReadFile or Device) should be
used in preference to Function 14H.

Related Functions

15H (Sequential Write)
1AH (Set DTA Address)
21H (Random Read)

27H (Random Block Read)
3FH (Read File or Device)

Example
AReo oe ReReRRR ROaaORoeaeOaOR

Function 14H: Sequential Read, .FCB-based ;

; int FCB_sread(oxXFCB) ; i
char *oXFCB; ;

; Returns 0 if record read OK, otherwise 3
; returns error code 1, 2, or 3. ;

ORCI RGCCIICI TOR ICICI RGR TOR OR ACR TOR AIC OR AG 3 FOACR 2

cProc FCB_sread, PUBLIC, ds
parmDP poxXFCB
cBegin

loadDP ds,dx,poXFCB ; Pointer to opened extended FCB.
mov ah, 14h 7 Ask MS-DOS to read next record,

; placing it at DTA.
int 21th .

cbw 7 Clear high byte for return value.
cEnd
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Interrupt 21H (33) 1.0 and later
Function 15H (21)
Sequential Write

Function 15H writes the next sequential block of data from the disk transfer area (DTA) to
a specifiedfile.

To Call

AH = 15H

DS:DX = segment:offset of a previously openedfile control block (FCB)

DTA containsdata to write.

Returns

AL = 00H block written successfully
01H disk full; write canceled
02H DTAtoo small (segment wrap error); write canceled

Programmer’s Notes

© Ifnecessary, the calling process should set the DTA address with Function 1AH (Set
DTA Address) to pointtothe data to be written before issuing a call to Function 15H.
The default address of the DTAis offset 80H in the program segmentprefix (PSP).

@® The FCB must already have beenfilled in by a call to Function OFH (OpenFile with
FCB) before Function 15His called.

®=The location of the block to be written is given by the current-block and current-
record fields of the FCB.If the write is successful, Function 15H increments the
current-block and current-recordfields. ;

® Thesize of the record written by Function 15H is determined by the value in the
record size field of the FCB. The default value is 128, set by Function OFH (OpenFile
with FCB) or Function 16H (Create File with FCB). A process mustset the record size
in the FCB correctly before issuing any writes.

® Function 15H deals with fixed-length records only. Buffering logic must be added to
an applicationifvariable-length records are to be manipulated.

® Function 15H performsa logical, but not necessarily physical, write operation.If less
than one sector is being written, MS-DOS movesthe record from the DTAto an appro-
priate MS-DOSinternal buffer. When a full sector of data has been buffered, MS-DOS
flushes the buffer to disk. Function ODH (Disk Reset) or Function 10H (Close File with
FCB) can be usedto flush data to disk before a full sector is buffered.

® Onnetworks running under MS-DOSversions3.1 and later, the user must have Write
access to the directory containingthe file to be written to.

® With MS-DOSversions 2.0 andlater, Function 40H (Write File or Device) should be
used in preference to Function 15H.
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Related Functions

14H(Sequential Read)
1AH (Set DTA Address)
22H (Random Write)
28H (Random Block Write)
40H CWrite File or Device)

Example

1232

PUBS CGIE IIE IEG EIOG COHORT IRI Tor Baa IOI IGE AIEEE EES;
,

se

; int FCB_swrite (oXFCB) ;
; char *oOXFCB;

; Returns 0 if record read OK, otherwise
; returns error code 1 or 2. ;,

JBI GHORIOS CIE EISIGEOCOC IORI IEICEIIREE EERE SER;

cProc FCB_swrite, PUBLIC, ds
parmDP poXFCB
cBegin

loaa@DP ds,dx,poXFCB
mov ah, 15h

int 21h
cbw

cEnd

The MS-DOS Encyclopedia

Function 15H: Sequential Write, FCB-based i

: Ask MS-DOS to write next record
Pointer to opened extended FCB.

from DTA to disk file.

Clear high byte for return value.  
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Interrupt 21H (33) 1.0 and later
Function 16H (22)
Create File with FCB -

Function 16H creates a directory entry in the currentdirectory for a specified file and
opensthefile for use.If the file already exists, it is opened and truncatedto zero length.

To Call

AH = 16H

DS:DX = segment:offset of an unopenedfile control block (FCB)

Returns

If function is successful:

AL = 00H

If function is not successful:

AL = FFH

Programmer’s Notes

@ Before creating a new directory entry for the specified file, Function 16H searches
the current directory for a matchingfilename.If a match is found, the existing file is
opened, but its length is set to 0. In effect, this action erases an existing file and
replacesit with a new, empty file of the same name.

If a matching filenameis not found and the directory has room for a new entry, the
file is created and opened, andits lengthis set to 0.

@ Anextendedfile control block (FCB) can be used to createa file with a special
attribute, such as hidden. Before the Create File call is issued, the attribute byte must
be set appropriately.

e A value of OFFH returned in the AL register can indicate one of severalerrors:
~ Filename was improperly specified in the FCB.
— File with the same nameexists but is a read-only, hidden, system, or Gn MS-DOS

versions 3.x and networks) lockedfile.
— Disk is full.

— Current working directory is the rootdirectory, andit is full.
— User does not have the appropriate accessrightsto createa file in this directory

(in MS-DOSversions 3.x and networks).

With MS-DOSversions 3.0 andlater, Function 59H (Get Extended Error Information)
can be used to obtain additional information aboutan error.

® Uponsuccessful completion of Function 16H, MS-DOShas
— Created and openedthe file specified in the FCB.
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- Filled in the date and timefields of the FCB with the current date and time.
- Setfile size to zero.

All other changes madeto the FCBaresimilar to those made by Function 0OFH (Open
File with FCB).

®@ Pathnames and wildcard characters (? and *) are not supported by Function 16H.
@ With MS-DOSversions2.0 andlater, Function 16H has been superseded by Functions

3CH (Create File with Handle), 5AH (Create Temporary File), and 5BH (Create New
File),

Related Functions

OFH (OpenFile with FCB)
3CH (Create File with Handle)

3DH (OpenFile with Handle)
5AH (Create Temporary File)
5BH (Create New File)

Example
OR Aeeaee22 oe Ro AfeRReeoeee oe oRRO aaK

; Function 16H: Create File, FCB-based ;

; int FCB_create (uXFCB, recsize) ;
; char *uXFCB;
; int recsize;

Returns 0 if file created OK, otherwise
returns -1.

Note: uXFCB must have the drive and filename

fields (bytes 07H through 12H): and the
extension flag (byte 00H) set before the

? call to. FCB_create (see Function 29H). ;

JISICICI IOI ICI ICSI ICICI IGIIGIICIC ICG AGE a AR AGI GK :

cProc FCB_create, PUBLIC, ds
parmDP puXFCB
parmw recsize
cBegin

loadDP ds,dx,puXFCB + Pointer to unopened extended FCB.
mov ah, 16h 3; Ask MS-DOS to create file.
int 2ih

add dax,7 ; Advance pointer to start of regular
7. FCB.

mov bx, dx ; BX = FCB pointer.
mov dx, recsive ; Get record size parameter.
mov {bx+0eh; , dx 7 Store record size in FCB.
xor dx, dx
mov {bx+20h] , dl ; Set current-record
mov {ox+21h] ,dx + and relative-record
mov {bx+23h],dx 7 fields to 0.
cbhw 7 Set return value to 0 or ~1.

cEnd
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Interrupt 21H (33) 4.0 andlater

  
Function 17H (23)
RenameFile

Function 17H renames oneor morefiles in the current directory.

To Call

AH =17H

DS:DX = segment:offset of modified file control block (FCB) in the following nonstan-
dard format:

Byte(s) Contents

00H Drive number

01--08H Old filename (padded with blanks, if necessary)
09-OBH Oldfile extension (padded with blanks, if necessary)

{ OCH-10H Zeroed out

11H-18H New filename (padded with blanks, if necessary)
-19H-1BH New file extension (padded with blanks,if necessary)
11CH-24H Zeroed out

Returns

If function is successful:

AL = 00H

If function is not successful:

AL = FFH

Programmer’s Notes

@ The wildcard character ? can be used in specifying both the old and the new file-
names, but its meaning differs in each case. A wildcard character in the old filename
matchesany single character or sequence of characters in the directory entry. A
wildcard character in the new filename, however, indicates that the corresponding
characteror charactersin the originalfilename are not to change.

® With MS-DOSversions 2.0 andlater, Function 17H views subdirectory entriesasfiles.
These subdirectory entries can be renamed using this function and an extended FCB
with the appropriate attribute byte.

@ A value of OFFH returned in the AL register can indicate one of severalerrors:
— Old filenameis improperly specified in the FCB.
— File with the new filename already exists in the current directory.
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- Old file is a read-only file.
— With MS-DOSversions3.1 and later in a networking environment, the userhas in-

sufficient access rights to the directory.

With MS-DOSversions 3.0 andlater, Function 59H (Get Extended Error Information)
can be usedto obtain additional information about the cause of an error.

@® With MS-DOSversions 2.0 and later, Function 56H (RenameFile) should be used in
preferenceto Function 17H.

Related Function . |

56H (RenameFile)

Example
DOR UH OOOOH ECUBBUSHESEEDU GE ES EO ORE HEEDDIUUDREGEK ;

;

Function 17H: Rename File(s), FCB-based ;
?

int FCB_rename (uXFCBold, uXFCBnew) ;
; char *uXFCBold, *uXFCBnew; ;

i Returns 0 if file(s) renamed OK, otherwise ; ;
; returns ~1. ;

; Note: Both uXFCB’s must have the drive and ;

; filename fields (bytes 07H through 12H) and :
; the extension flag (byte 00H) set before ;

zp the call to FCB_rename (see Function 29H). ;; ;

Eo oie oe 2 eRe eee ee 2 ie Eke RRC Ske CEaEe oe SE oe ae oe aie ee ak ok ae ee oe a ep

cProc FCB_rename, PUBLIC, <ds,si,di>
parmDP puXFCBold ,
ParmDP puXFCBnew
cBegin

loadDP es,di,puXFCBold ; ES:DI = Pointer to uXFCBold.
mov ax, di 7 Save offset in DX.

add di,7 + Advance pointer to start of regular
; FCBold. .

loadDP ds,si,puXFCBnew ; DS:SI = Pointer to uXFCBnew.
add si,8 ; Advance pointer to‘filename field

7 FCBnew.

7 Copy name from FCBnew into FCBold
; at offset 11H:

add di,1ih 7 DI points 11H bytes into old FCB.
mov cx, 0bh 7; Copy OBH bytes, moving new
rep movsb * name into old FCB.
push es 7 Set DS to segment of FCBold. .
pop ds
mov ah,17h #7 Ask MS-DOS to rename old
int 21h + file(s) to new name(s).

cbw # Set return flag to 0 or ~1.
cEnd
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Interrupt 21H (33) 1.0 and later
Function 19H (25)
Get Current Disk

Function 19H returns the code for the current disk drive.

To Call

AH = 19H

Returns

AL = drive code (0 = drive A, 1 = drive B, 2 = drive C, and so on)

Programmer’s Note

® The drive code returned by Function 19H is zero-based, meaning that drive A = 0,
drive B = 1, and so on.This valueis unlike the drive code usedin file control blocks
(FCBs) and in some other MS-DOSfunctions, such as 1CH (Get Drive Data) and 36H
(Get Disk Free Space), in which 0 indicates the default rather than the currentdrive.

Related Function

OEH (Select Disk)

Example
OR eee oe 0 ie oO ie Re ie Ree Re ReeeeeRee ie oe ee Ke eo ok ke oko kK KK >

; Function 19H: Get Current Disk i

; int cur_drive() ; ;

; Returns letter of current "logged" disk. i

JOR ROI OGIO IGG RGGIIOS OICISICIOIGOGIOIII

cProc cur_drive, PUBLIC

cBegin
mov ah, 19h 7 Set function code.
int 21h + Get number of logged disk.
add al,'A' ; Convert number to letter.
cbw ; Clear the high byte of return value.

cEnd
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Interrupt 21H (33) | . 1.0 and later
Function 1AH (26)
Set DTA Address

Function 1AH specifies the location of the disk transfer area (DTA) to be used forfile con-
trol block (FCB) disk I/O operations.

To Call

AH =1AH

DS:DX = segment:offset of DTA

Returns

Nothing

Programmer’s Notes

@ if an application does not specify a disk transfer area, MS-DOSusesa default buffer at
offset 80H in the program segmentprefix (PSP).

@ The DTA specified must be large enough to accommodate the amountof data to be
transferred in a single block. The default record size for FCB file operationsis 128
bytes; this value can be changedaftera file is successfully openedor created by alter-
ing the recordsize field in the FCB.If the DTA is too small for the record size used by
the program, other code or data may be damaged.

® Thelocation of the DTA must be far enough from the top of the segment that contains
it to avoid errors caused by segment wrap (data wrapping from the end of the segment
to the beginning), which will cause the disk transfer to be terminated. Thus, for exam-
ple, if records of 128 bytesare to be read, the highest location acceptable for the DTA
is DS:FF80H.

@ The DTAis used by all FCB-based read and write functions. In addition, any applica-
tion using the following functions must also set up a DTA for use as a scratch area in
directory searches:
- IH (FindFirst File)
— 12H Cind NextFile)
— 4EH (FindFirst File)

— 4FH (Find NextFile)

Related Function

2FH (Get DTA Address)
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Interrupt 21H Function 1AH.eeeInterrupt21HFunction1A

Example

cProc

parmD
cBegin

cEnd

FOIESCCRICCIETHRK He’
‘
,
?
f
’
7
?

Function 1AH: Set DTA Address

int set_DTA(pDTAbuffer)
char far *pDTAbuffer;

Returns 0, ;
?

FITSARAASA OTae fe oe oO ae RCC ARR ORA

set_DTA, PUBLIC,ds
pDTAbuffer

lds dx, pDTAbuffer
mov ah, lah
int 21h
xor ax,ax

~ DS:DX = pointer to buffer.
Set function code.

Ask MS~DOS to change DTA address.
Return 0.
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Interrupt 21H Function IBH 

Interrupt 21H (33) | 1.0 and later
Function 1BH (27)
Get Default Drive Data

Function 1BH returns information about the disk in the default drive.

To Call

AH = 1BH

Returns

If function is successful:

AL = numberofsectors per cluster(allocation unit)
CX = numberof bytes per sector
Dx = numberofclusters

DS:BX = segment:offset of the file allocation table (FAT) identification byte

If function is not successful:

AL = FFH

Programmer’s Notes

® IfFunction 1BH returns OFFH in the ALregister, the current drive was invalid or a disk
error occurred. The mostlikely causes ofthe latter are
— Drive door was open.
— Disk was not ready.
— Medium wasbad.

— Disk was unformatted.

If any of these situations arises, MS-DOSissues Interrupt 24H (critical error). If Inter-
rupt 24H has not been revectoredto a critical error handler controlled by the program
and the user responds Ignore to the MS-DOSAbort, Retry, Ignore? message, the error
code OFFHis returned to the program. An application should check the AL register
for a value of OFFH before assumingit has information on the default drive.

® Possible values of the FAT ID byte (for IBM-compatible media)are the following:

Value Medium 

OFFH Double-sided, 8 sectors/track, 40 tracks/side
OFEH Single-sided, 8 sectors/track, 40 tracks/side
OFDH Double-sided, 9 sectors/track, 40 tracks/side
OFCH Single-sided, 9 sectors/track, 40 tracks/side

(more)
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Value Medium

OF9H Double-sided, 15 sectors/track, 40 tracks/side or double-sided, 9 sectors/
track, 80 tracks/side

OF8H Fixed disk

OFOH Others

@ With MS-DOSversions 1.x, Function 1BH returns a pointer in DS:BX for the actual
memory image of the FAT. In MS-DOSversions 2.0 andlater, the function returns a
pointer in DS:BX for a copyofthe FAT identification byte; the contents of memory
beyond the identification byte are not necessarily the FAT memoryimage.If access
to the FAT is necessary, Interrupt 25H (Absolute Disk Read) can be used toreadit
into memory.

@ The FAT ID byte is not enoughto identify a drive completely in MS-DOSversions 2.0
andlater. In these versions of MS-DOS, Function 36H (Get Disk Free Space) should be
used in preference to Function 1BH to avoid the ambiguity caused by the FAT iden-
tification byte.

® With MS-DOSversions 3.2 and later, additional drive information can be obtained by
inspecting the BIOS parameter block (BPB) obtained with Function 44H (OCTL)
Subfunction ODH (Generic I/O Control for Block Devices) minor code 60H (Get
Device Parameters).

@ With MS-DOSversions 2.0 and later, Function 1CH (Get Drive Data) provides the same
typesof information as Function 1BH,butfor a disk in a drive other than the default
drive.

Related Functions

1CH (Get Drive Data)

36H (Get Disk Free Space)
44H CIOCTL)

Example
See SYSTEM CALLS: INTERRUPT 21H: Function ICH.
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Interrupt 21H (33) 2.0 andlater
Function 1CH (28)
Get Drive Data

Function 1CH returns information about the disk ina specified drive. .

To Call

AH = 1CH

DL = drive code (0 = default drive, 1 = drive A, 2 = drive B,
3 = drive C, and so on)

Returns

If function is successful:

AL = numberofsectors percluster (allocation unit)
CX = numberofbytes per sector
DX = numberofclusters ‘

DS:BX = segment:offsetofthe file allocation table (FAT) identification byte

_ If function is not successful:

AL = FFH

Programmer’s Notes

@ Function 1CH is not available with MS-DOSversions Lx.

® Ifthe function returns OFFHin the ALregister, the drive code wasinvalid or a disk
error occurred. The mostlikely causesof thelatter are
— Drive door was open.
— Disk was not ready.
— Medium wasbad.
— Disk was unformatted.

If any of these situations arises, MS-DOSissues Interrupt 24H (critical error). If Inter-
rupt 24H has not been revectoredto a critical error handler controlled by the program
and the user responds Ignore to the MS-DOS Abort, Retry, Ignore? message,the error
code OFFH is returned to the program. An application should check the AL register
for a value of OFFH before assumingit has information on the specified drive.

@ Possible values of the FAT ID byte (for IBM-compatible media) are the following:

Value - Medium

OFFH Double-sided, 8 sectors/track, 40 tracks/side
OFEH Single-sided, 8 sectors/track, 40 tracks/side

(more)
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Interrupt 21H Function 1CH 

Example

Value

 

Medium 

OFDH

OFCH

OF9H

OF8H

OFOH

Double-sided, 9 sectors/track, 40 tracks/side
Single-sided, 9 sectors/track, 40 tracks/side
Double-sided, 15 sectors/track, 40 tracks/side or double-sided, 9 sectors/

track, 80 tracks/side
Fixed disk

Others

The contents of memory beyondtheidentification byte pointed to by DS:BX are not
necessarily the FAT memory image. If access to the FATis necessary, Interrupt 25H
(Absolute Disk Read) can be usedto read it into memory. .
The FATID byteis not enoughto identify a drive completely. To avoid the ambiguity
caused by the FATidentification byte, Function 36H (Get Disk Free Space) should be
used in preference to Function ICH.
With MS-DOSversions 3.2 andlater, additional drive information can be obtained by
inspecting the BIOS parameter block (BPB) obtained with Function 44H C(IOCTL)
Subfunction ODH (Generic I/O Controlfor Block Devices) minor code 60H (Get
Device Parameters).

Related Functions

1BH (Get Default Drive Data)
36H (Get Disk Free Space)
44H (IOCTL)

A AA ee ie eH oR Re fe eke eeeeoAeRREROR ok OR ORR ORR RH
7
7

Function 1CH: Get Drive Data ;

Get information about the disk in the specified ;
drive. Set drive_ltr to binary 0 for default drive info. ;

int get_drive_data(drive_ltr, ;
pbhytes_per_sector, 7
psectors_per_cluster, ;
pclusters_per_drive) . ;

int drive_ltr; ;
int *pbytes_per_sector; : ;
int *psectors_per_cluster; ' ;
int *pclusters_per_drive; ;

Returns ~1 for invalid drive, otherwise returns ?
the disk’s type (from the ist byte of the PAT). ;

BEeKoe oe ae ee oR ee a aee 2 he oie oe 2 eR oooe ok oo ok oe oko oi ooo ok oRaRR

(more)
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1244

get_drive_data, PUBLIC, <ds, si>

ds, si,pbytes_per_sector

ds, si,psectors_per_cluster

ds, si,pclusters_per_drive

cProc

PparmB drive_ltr
parmDP pbytes_per_sector
parmDP psectors_per_cluster
ParmDP pclusters_per_drive
cBegin

mov si,ds
mov dl, drive_ltr
or di,dl
jz gdd
and di,not 20h
sub dl, 'A'-1

gdd:
mov ah, 1ch
int 21h
cbw

cmp al, Offh
je gddx
mov bl, [bx]
mov ds, si
loadDP

mov {si],cx
loadDP
mov ah, 0
mov {si],ax
loadDP

mov {siJ,dx
mov al,bl

gqddx:
cEnd

The MS-DOS Encyclopedia

’
:

’

7

’
7

Save DS in SI to use later.
Get drive letter.
Leave 0 alone.

Convert letter to uppercase.
Convert to drive number: 'A'

'B' = 2, etc.
=1,

Set function code.
Ask MS-DOS for data.
Extend AL into AH.
Bad drive letter?

If so, exit with error code -1.
Get FAT ID byte from DS:BX.
Get back original DS.

Return bytes per sector.

Return sectors per cluster.

Return clusters per drive.
Return FAT ID byte.  
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Interrupt 21H (33) | 1.0 andlater
Function 21H (33)
Random Read

Function 21H reads a selected record from disk into memory.

To Call

AH = 21H

DS:DX = segment:offset of previously openedfile control block (FCB)

Returns

AL = 00H record read successfully
01H end offile; no record read
02H DTA too small (segment wrap error); read canceled
03H endoffile; partial record transferred

If AL = OOH or 03H:

DTAcontains data read fromfile.

Programmer’s Notes

Function 21H reads the record into the current disk transfer area (DTA). Unless the

128-byte default DTA (at offset 80H in the program segmentprefix) is adequate, Func-
tion 1AH (Set DTA Address) should be used to set the DTA address before Function

21H is called. The program must ensure that the buffer pointed to by the DTA address
is large enoughto hold the recordsto be transferred.
Therelative-recordfield in the FCB mustbeset to the record numberto be read. Num-

bering begins with record 00H;thus, the value 06H in the relative-record field would
indicate the seventh record, not the sixth.
Function 21H sets the current-block and current-record fields to matchtherelative-

record field before transferring the data to the DTA.
Unlike Function 27H (Random Block Read), Function 21H does not incrementthe
current-block, current-record, or relative-recordfields.
The record length read is determined bythe record size field of the FCB.
If a partial record is read and the endoffile is encountered, the remainder of the
recordis filled out to the requested length with zero bytes.
On networks running under MS-DOSversion 3.1 orlater, the user must have Read
accessrights to the directory containingthefile to be read.
With MS-DOSversions2.0 andlater, Function 3FH (Read File or Device) should be
used in preference to Function 21H.
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Interrupt 21H Function 21H
 

Related Functions

14H (Sequential Read)
1AH (Set DTA Address)

22H (Random Write)

24H (Set Relative Record)

27H (Random Block Read)

3FH (ReadFile or Device)

Example

cProc FCB_rread, PUBLIC,ds
PparmDP poxXFCB
parmD recnum
cBegin

loadDP ds,dx,poxXFCB
mov bx, dx

mov ax,word ptr
mov [bx+28h],ax
mov ax,word ptr
mov {bx+2ah],ax
mov ah, 21h

int 21h
chw.

cEnd

pA Ae oe eB AReAe ae eRRaReoe eR Re RORO BOR ERK

5B eee 2 ee OB Reo oe eke eo oe 2 He teeeRee ReoRoOee ROK EE > /

Function 21H: Random File Read, FCB-based ;

int FCB_rread (oXFCB, recnum) ;
char *oOXFCB; 7
long recnum; ;

Returns 0 if record read OK, otherwise ;
returns error code 1, 2, or 3. ;

1246 The MS-DOS Encyclopedia

?
P

(recnum) 7 Get low 16 bits of record

{(recnum+2) ; Get high 16 bits of record

‘
7

?

; Ask MS-DOS to read recnum’th

’

Pointer to opened extended FCB.
BX points at FCB, too.

7 number and store in FCB.

7; number and store in FCB.

record, placing it at DTA.

Clear high byte of return value.  
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Interrupt 21H (33) | 1.0 andlater
Function 22H (34)
Random Write

Function 22H writes data from the current disk transfer area (DTA) to a specified record
locationinafile.

To Call

AH = 22H

DS:DX = segment:offset of previously openedfile control block (FCB)

DTAcontainsdata to write.

Returns

AL = 00H record written successfully
01H disk full

02H DTAtoo small (segment wrap error); write canceled

Programmer’s Notes

® Before calling Function 22H, the program mustset the disk transfer area (DTA) ad-
dress appropriately with a call to Function 1AH (Set DTA Address), if necessary, and
place the data to be written in the DTA.

@ Therelative-record field in the FCB mustbeset to the record numberthatis to be writ-

ten. Numbering begins with record 00H;thus, the value 06H in therelative-record
field would indicate the seventh record, not the sixth.

® Function 22H sets the current-block and current-record fields to matchtherelative-

recordfield before writing the data from the DTA..
@ Unlike Function 28H (Random Block Write), Function 22H does not increment the

current-block, current-record, or relative-record fields.
@=Therecord size field determines the record length written by the function.
@ Ifarecord is written beyond the current end offile, the data between the old end of

file and the beginning of the new record is uninitialized.
®@=Thefile that is written to cannot have the read-only attribute.
® Information is written logically, but not always physically, to disk at the time Function

22His called. The contents of the DTA are written immediately to disk only if they
constitute a sector’s worth ofinformation.If less than a sector is written,it is trans-
ferred from the DTA to an MS-DOSbuffer andis not physically writtento disk until
oneof the following occurs:
— A full sector of information is ready.
- Thefile is closed.

— Function 0DH (Disk Reset) is issued.
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@® Onnetworks running under MS-DOSversion 3.1 orlater, the user must have Write
access rights to the directory containing the file to be written to.

® With MS-DOSversions 2.0 andlater, Function 40H (Write File or Device) should be

 

used in preference to Function 22H.

Related Functions

15H (Sequential Write)
1AH (Set DTA Address)

21H (Random Read)
24H (Set Relative Record)
28H (Random Block Write)
40H (Write File or Device)

Example
JROGOIIGCIC GR GIOIIRGIORGIO AR AC AGR doi A GK 3

; Function 22H: Random File Write, FCB-based i

; int FCB_rwrite (oXFCB, recnum) i
; char *OXFCB; i
; long recnum; i

; Returns 0 if record read OK, otherwise ;
; returns error code 1 or 2. ?

BE Re oe oe fe ofc eae oe ae He He Se he Fe fe ee eos ae ie ke 2 ee ae oe fe ee fe oe oie oe oe oe oe fe oe oe ee eo oe ee oko oo E>

cProc FCB_rwrite, PUBLIC,ds
parmDP poXFCB
parmD recnum

cBegin :
loadDP ds,dx,poXFCB ; Pointer to opened extended FCB.
mov bx, dx ; BX points at FCB, too.

"mov ax,word ptr (recnum) 7 Get low 16 bits of record
mov {bx+28h] , ax + number and store in FCB.
mov ax,word ptr (recnum+2) ; Get high 16 bits of record
mov [bx+2ah],ax 7 number and store in FCB.
mov ah, 22h ; Ask MS-DOS to write DTA to
int 21h 7 recnum’th record of file.

chw . 7 Clear high byte for return value.
cEnd
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Interrupt 21H (33) 1.0 and later
Function 23H (35)
GetFile Size

Function 23H searches the current directory for a specified file and returns the size of the
file in records.

To Call

AH = 23H

DS:DX = segment:offset of unopenedfile control block (FCB) with recordsize field set
appropriately

Returns

If function is successful:

AL = 00H

FCBrelative-record field contains numberof records, rounded upwardif necessary.

If function is not successful:

AL = FFH

Programmer’s Notes

@ The record sizefield in the FCB can besetto 1 to find the numberofbytesin thefile.
® The numberofrecordsis the file size divided by the record size. If there is a remain-

der, the record countis rounded upward. Theresult stored in the relative-recordfield
may, therefore, contain a value that is 1 larger than the numberof complete recordsin
thefile.

@ Because record numbers are zero based andthis function returns the numberof

recordsinafile in the relative-record field of the FCB, Function 23H can be used to
position the file pointer to the end offile.

@ With MS-DOSversions2.0 and later, Function 42H (MoveFile Pointer) should be used
in preference to Function 23H.

Related Function

42H (MoveFile Pointer)
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Example
FRA RRRRRRRRCTOR ORO RGEC ORAAIO OR RAGE 7
,

we

i
‘

Function 23H: Get File Size, FCB-based

long FCB_nrecs(uXFCB, recsize)
char *uUXFCB;
int recsize;

Returns a long -1 if file not found, otherwise
returns the number of records of size recsize.

Note: uXFCB must have the drive and

filename fields (bytes O7H through 12H) and
the extension flag (byte 00H) set before
the call to FCB_nrecs (see Function 29H). ,

’

BO aeaoeoe oe fe2Eeeoao oe eo oO oe oo eo oe oko okeo OK a RO AE

cProc FCB_nre

parmDP puXFCB
parmW recsize
cBegin

loadDP
mov
mov
mov
mov

int
cbhw
cwd
or

js
mov

mov
mov

nr_-exit:
cEnd

1250 TheMS-DOSEncyc

cs,PUBLIC,ds

ds, dx, puXFCB + Pointer to unopened extended FCB.
bx, dx 7 Copy FCB pointer into BX.
ax, recsize ; Get record size
[bx+15h},ax + and store it in FCB.
ah, 23h 7 Ask MS-DOS for file size (in

; records).
2th

; If AL = OFFH, set AX to -1.
; Extend to long.

dx, dx ; Is DX negative?
nr_exit 7 If so, exit with error flag.
(bx+2bh],al ; Only low 24 bits of the relative-

; record field are used, so clear the
; top 8 bits.

ax, [bx+28h] + Return file length in DX:AXx.
dx, [bx+2ah] ,

lopedia
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Interrupt 21H Function 24H

Interrupt 21H (33) 1.0 andlater
Function 24H (36)
Set Relative Record

Function 24Hsetsthe relative-record field of a file control block (FCB) to matchthefile

position indicated by the current-block and current-record fields of the same FCB.

To Call

AH = 24H

DS:DX = segment:offset of previously opened FCB

Returns

AL = 00H

Relative-record field is modified in FCB.

Programmer’s Notes

@ The ALregister is always set to OOH by Function 24H. Thus, any preexisting informa-
tion in the ALregisteris lost.

® Before Function 24H is called, the program must open the FCB with Function 0FH
(Open File with FCB) or with Function 16H (Create File with FCB).

@ The entire relative-record field (4 bytes) of the FCB must beinitialized to zeros before
calling Function 24H.If this is not done, any value in the high-order byte of the high-
order word remaining from previous reads or writes might not be overwritten and the
resulting relative-record numberwill be invalid.

@ Function 24H is normally used in changing from sequential to random I/O. Sequential
I/O, performed by Functions 14H (Sequential Read).and 15H (Sequential Write), sets
the current-block and current-record fields of the FCB. Random I/O usestherelative-

record field, which is set by Function 24H to match the currentfile position as
recorded in the current-block and current-recordfields.

After the file pointeris set, any of the following functions can be usedto accessdata at
the record pointed to by the relative-record field:
— 21H (Random Read)

~ 22H (Random Write)

— 27H (Random Block Read)

— 28H (Random Block Write)

® With MS-DOSversions 2.0 andlater, Function 42H (MoveFile Pointer) should be used
in preference to Function 24H.

Related Function

42H (MoveFile Pointer)
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Interrupt 21H Function 24H

Example
JFoea FR ReeROeRRke aoooOEo oR ACR aE >
é ;

; Function 24H: Set Relative Record ;
i ;

; int FCB_set_rrec (oXFCB) 7
i char *OXFCB; ?
i 3

; Returns 0, i
; ;

feoe oo a3Reaoe ok oR Ro Ke eB RK OR Oe eB RO OR HOR OK

cProc FCB_set_rrec, PUBLIC, ds
parmDP poxFCB  
cBegin

loadDP ds,dx,poXFCB 7 Pointer to opened extended FCB.
mov bx, dx ; BX points at FCB, too.
mov byte ptr {bx+2bh],0 ; Zero high byte of high word of

; rvelative-record field.
mov ah,24h + Ask MS-DOS to set relative record

"; to current record.
int 2in : f
xor ax,ax ; Return QO.

cEnd
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Interrupt 21H Function 25H 

Interrupt 21H (33) LOand later
Function 25H (37)

Set Interrupt Vector

Function 25Hsets an addressin the interrupt vectortable to pointto a specified interrupt
handler.

To Call

AH = 25H

AL = interrupt number
DS:DX = segment:offset of interrupt handler

Returns

Nothing

Programmer’s Notes

® When Function 25H iscalled, the 4-byte address in DS:DXis placed in the correct
position in the interrupt vectortable.

® Function 25H is the recommended methodforinitializing or changing an interrupt
vector. A vector in the interrupt vector table should never be changeddirectly.

® Before Function 25H is used to change aninterrupt vector, the address of the current
interrupt handler should be read with Function 35H (Get Interrupt Vector) and then
saved for restoration before the program terminates.

Related Function

35H (GetInterrupt Vector)

Example
SSCSGGGICICGICIOIGIO ICO CIE ICI I ICR ACR a ACACIA Ha a 3
? 7

; Function 25H: Set Interrupt Vector ;

i typedef void (far #FCP) (); i
int set—vector (intnum, vector) 7

; int intnum; ?
; FCP vector; 7

; Returns 0. ;

(7oe Ree Re ae fee 2k Re a fe oe ae eo ee ae oeaORRR OR ok oR oR KK OK oR KE KF

(more)

Section V: System Calls 1253

OLYMPUSEX. 1010 - 1263/1582



OLYMPUS EX. 1010 - 1264/1582

Interrupt 21H Function 25H

1254

cProc set_vector, PUBLIC,ds
parmB intnum
parmD vector
cBegin

ids dx, vector

mov al, intnum
mov ah, 25h
int 21h
xOor ax, ax

cEnd

The MS-DOS Encyclopedia

Get vector segment:offset into
DS:DX.

Get intexrupt number into AL.
Select "set vector" function.
Ask MS-DOS to change vector.
Return 0.  
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Interrupt 21H (33) 1.0 and later
Function 26H (38)
Create New Program SegmentPrefix

Function 26H creates a new program segmentprefix (PSP) at a specified segmentaddress.
To Call

AH = 26H

DX = segment address of the PSP to create

Returns

Nothing

Programmer’s Notes

® Function 26H copies the current PSP to the address indicated by DX. Note that DK
contains a segmentaddress, not an absolute address.

@ After the copy is made, the memorysize information located at offset 06H in the new
PSPis adjusted to match the amount of memory available to the new PSP. In addition,
the current contents of the interrupt vectors for Interrupt 22H (Terminate Routine Ad-
dress), Interrupt 23H (Control-C Handler Address), and Interrupt 24H (Critical Error
Handler Address) are saved starting at offset OAH of the new PSP.

@ A.COMfile can be loaded into memory immediately after the new PSP and execu-
tion can begin at that location. A .EXE file cannot be loaded and executedin this
manner.

@ With MS-DOSversions 2.0 and later, Function 4BH (Load and Execute Program)
should be used in preference to Function 26H. Function 4BH can be usedto load
.COMfiles, .EXEfiles, or overlays. ,

Related Function

4BH (Load and Execute Program)

Example
FR A AR Re He ee Ree ee HRRRieieaReOKO ORO RR KR OR RR
7 7

? Function 26H: Create New Program Segment Prefix

int create_psp (pspseg) 3
; int pspseg; ;
; i

; Returns 0. ;
; ;
;PORCRORE GR GR ORO GIGR CROREOOO ORO AOR RR ACR OR ROKK >

(more)
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1256

cProc create_psp, PUBLIC
parmW pspseg
cBegin

mov dx, pspseg
mov ah,26h
int 21h
xor ax,ax

cEnd

The MS-DOS Encyclopedia

eteNee
Get segment address of new PSP.
Set function code.
Ask MS-DOS to create new PSP.
Return 0.
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Interrupt 21H (33)
Function 27H (39)
Random Block Read

1.0 and later

Function 27H reads one or more records into memory, placing the records in the current
disk transfer area (DTA).

To Call

AH = 27H

CX = numberof records to read

DS:DX = segment:offset of previously opened file control block (FCB)

Returns

AL = 00H read successful

01H end offile; no record read
02H DTAtoo small (segment wrap error); no record read
03H endoffile; partial record read

If AL is OOH or 03H:

CX = numberof records read

DTAcontains data read fromfile.

Programmer’s Notes

@ The DTA address should be set with Function LAH (Set DTA Address) before Function

27His called. If the DTA address has not been set, MS-DOSusesa default 128-byte
DTAat offset 80H in the program segmentprefix (PSP).

® Function 27H reads the numberofrecords specified in CX sequentially, starting at
thefile location indicated bythe relative-record and record size fields in the FCB.If
CX = 0, no records are read. ,

@=The record length used by Function 27His the value in the recordsize field of the
FCB. Unless a new valueis placed in this field after a file is opened or created,
MS-DOSusesa default record length of 128 bytes.

® Function 27His similar to Function 21H (Random Read); however, Function 27H can
read more than one record at a time and updatesthe relative-record field of the FCB
after each call. Successive calls to this function thus read sequential groups of records
fromafile, whereas successive calls to Function 21H repeatedly read the same record.

@ Possible alternative causes for end-of-file (Q1H) errors include

~ Disk removed from drive since file was opened.
— Previous openfailed.

With MS-DOSversions3.0 andlater, more detailed information on the error can be
obtained by calling Function 59H (Get Extended Error Information).
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Interrupt 21H Function 27H 

® On networks running under MS-DOSversion 3.1 or later, the user must have Read
access rights to the directory containing thefile to be read.

@ With MS-DOSversions 2.0 andlater, Function 3FH (Read File or Device) should be
used in preference to Function 27H.

Related Functions

14H (Sequential Read)
1AH (Set DTA Address)

21H (Random Read)

24H (Set Relative Record)

28H (Random Block Write)

3FH (ReadFile or Device)

Example
5ie oe ae oi oe he ke oe ee fe ode oe ae oft ke ode ole ie oe eke eo fe oft oe a ie oe fe ake ee fe oie oe fe ake ee fe eo eee oe oe oe ie oe

; Function 27H: Random File Block Read, FCB~based ;

; int FCB_rblock (oXFCB, nrequest, nactual, start) i
; char *oXFCB; ; ‘
; int nrequest; i
; int *nactual; ;
; long start; ;

i Returns read status 0, 1, 2, or 3 and sets ;
; nactual to number of records actually read. ;

; If start is -1, the relative-record field is ;
; not changed, causing the block to be read starting ;
i at the current record. ;

FRRoRRok RReeORR oRaeoRRkoORokKR RR 7

cProc FCB_rblock, PUBLIC, <ds,di>
parmDP poXFCB
parmw nrequest
parmDP pnactual
parmD start
cBegin

loadDP ds,dx,poXFCB ; Pointer to opened extended FCB.
mov di,dx ; DI points at FCB, too.
mov ax,word ptr (start) ; Get long value of start.
mov -bx,word ptr (start+2)
mov cx, ax 7 Is start = -1?
and cx, bx
inc cx °
jexz rb_skip ? If so, don’t change relative-record

i field.
mov [di+28h], ax ?} Otherwise, seek to start record.

(more)
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rb_skip:

cEnd

mov

mov
mov

int
loadDP
mov

cbw

[di+2ah],bx

cx,nrequest
ah, 27h
21h

ds,bx,pnactual
[bx] ,cx

Interrupt 21H Function 27H

; CX = number of records to read.
Get MS-DOS to read CX records,

; placing them at DTA.
DS:BX = address of nactual.
Return number of records read.
Clear high byte.
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Interrupt 21H Function 28H

Interrupt 21H (33) 1.0 and later
Function 28H (40)
Random Block Write

Function 28H writes one or more records from the current disk transfer area (DTA)
toa file.

To Call

AH = 28H

Cx = numberof records to write

DS:DX = segment:offset of previously opened file control block (FCB)

DTA contains data to write.

Returns

AL = 00H write successful

01H disk full

02H DTAtoo small (segment wrap error); write canceled

If AL is OOH or 01H:

cx = numberof records written

Programmer’s Notes

® Data to be written mustbe placed in theDTA before Function 28H is called. Unless
the DTA address has been set with Function 1AH (Set DTA Address), MS-DOS uses a
default 128-byte DTA at offset 80H in the program segmentprefix (PSP).

® Function 28H writes the numberof records indicated in CX, beginning at the location
specified in the relative-recordfield of the file control block (FCB). If Function 28H is
called with CX = 0, the file is truncated or extendedto the size indicated by the record-
size andrelative-record fields of the FCB.

@ The record length used by Function 28H is the valuein the recordsizefield of the
FCB.Unless a new value is assignedafter a file is opened or created, MS-DOSuses a
default record length of 128 bytes.

® Function 28His similar to Function 22H (Random Write); however, Function 28H can
write more than one record at a time and updatestherelative-record field of the FCB
after each call. Successive calls to this function thus write sequential groups of records
to a file, whereas successive calls to Function 22H repeatedly write the samerecord.
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Interrupt 21H Function 28H 

@=Possible alternative causes for disk full (01H) errors include
— Disk removed from drive since file was opened.
— Previous openfailed.

In MS-DOSversions 3.0 and later, more detailed information on the error can be
obtained bycalling Function 59H (Get ExtendedError Information).

@ Information is written logically, but not always physically, to disk at the time Function
28H is called. The contents of the DTA are written immediately to disk only if they
constitute a full sector of information.If less than a sector is written,it is transferred
from the DTA to an MS-DOSbuffer and is not physically written to disk until one of
the following occurs:
~ A full sectorof information is ready.
~ Thefile is closed.

~ Function 0DH (Disk Reset) is issued.

@® Onnetworks running under MS-DOSversion 3.1 orlater, the user must have Write
accessrights to the directory containingthe file to be writtento.

@® With MS-DOSversions2.0 and later, Function 40H (Write File or Device) should be
used in preference to Function 28H.

Related Functions

15H (Sequential Write)
1AH (Set DTA Address)

22H (Random Write)

24H (Set Relative Record)

27H (Random Block Read)

40H CWrite File or Device)

Example
BRA OR RO a AR oR OAR oo aOR ORaoBo OB a oa oA aooo a ok RR EK

i Function 28H: Random File Block Write, FCB-based ;

i int FCB_wblock (oXFCB, nrequest,nactual, start) ;
; char *oOXFCB; , i
; int nrequest; ;
; int *nactual; ;
; long start: ;

; Returns write status of 0, 1, or 2 and sets 3
i nactual to number of records actually written. ;

; If start is -1, the relative-record field is ;
; not changed, causing the block to be written ;
; starting at the current record. i

JORG GIGI OR FO RGR Ra FOI GIGI GIGI RGGI RCHCG RCAC AC ek ake ki a ao oko a AG oR ae

(more)
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Interrupt 21H Function 28H

1262

cProc FCB_wblock, PUBLIC, <ds, di>

parmDP poXFCB
parmwW nrequest
parmDP pnactual
parmD start
cBegin

loadDP ds,dx,poXFCB : Pointer to opened extended FCB.
mov di, dx ; DI points at FCB, too.
mov ax,word ptr (start) ; Get long value of start.
mov bx,word ptr (start+2)
mov cx,ax ; Is start = -1?
and cx, bx
inc cx :

jcxz wbo_skip ; If so, don’t change relative-record
; field. ,

mov {dit+t28h],ax ; Otherwise, seek to start record.
mov [dit+2ah],bx

wb_skip:
mov cx,nrequest ; CX = number of records to write.
mov ah, 28h. ; Get MS-DOS to write CX records
int 2th ; from DTA to file.
loadDP ds,bx,pnactual ; DS:BX = address of nactual.
mov ds: {bx}],cx ; Return number of records written.
cbw ; Clear high byte.

cEnd

The MS-DOSEncyclopedia
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Interrupt 21H (33)
Function 29H (41)
Parse Filename

Interrupt 21H Function 29H

1.0 and later

Function 29H examinesa string for a valid filenameiri the form drive-filename.ext. If
the string represents a valid filename, the function creates an unopenedfile control block
(FCB)forit.

To Call

AH = 29H

AL = codeto control parsing, as follows (bits 0-3 only):

Bit Value Meaning

0 0 Stop parsingif file separator is found.
1 Ignore leading separators (parse off white space).

1 0 Set drive numberfield in FCB to 0 (currentdrive)if

string does not include a drive identifier.
1 Set drive as specified in the string; leave unalteredif

" string does not include a driveidentifier.
2 0 Set filename field in the FCB to blanks (20H)if string

does notincludea filename.

1 Leave filenamefield unaltered if string does not
include a filename.

3 0 Set extension field in FCB to blanks (20H)if string

does not include a filename extension.
1 Leave extensionfield unalteredif string does not

include a filename extension.

DS:SI = segment:offsetof string to parse
ES:DI = segment:offset of buffer for unopened FCB

Returns

AL = 00H string does not contain wildcard characters
01H string contains wildcard characters
FFH drive specifier invalid

DS:SI = segment:offset of first byte following the parsed string
ES:DI = segment:offset ofunopened FCB
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Programmer’s Notes

®@ Bits 0 through 3 of the byte in the AL register control the way the text string is parsed;
bits 4 through 7 are not used and must be 0.

@ After MS-DOSparsesthe string, DS:SI pointsto the first byte following the parsed
string. If DS:SI points to an earlier byte, MS-DOSdid notparse the entire string.

@ If Function 29H encounters the MS-DOS wildcard character * (matchall remaining
characters) in a filename or extension, the remaining bytes in the corresponding FCB
field are set to the wildcard character ? (match one character). For example, the string
DOS+.D+* would be converted to DOS????? in the filename field and D?? in the exten-
sion field of the FCB.

® With MS-DOSversions 1.x,the following characters are filename separators:

+.3,=+ space tab/"[]

With MS-DOSversions 2.0 andlater, the following characters are filename separators:

:.3,= + space tab

® The following characters are filename terminators:

/"{)<>)

All filenameseparators
Any control character

@ If the string does not contain a valid filename, ES:DI+1 points to an ASCII blank
character (20H).

@ Function 29H cannot parse pathnames.

Related Functions

None >

Example
JOOIGG GIOIIIIO IGOR AG IG FOG ICR AGE Sa aCa i dom ae 2
7 7
; Function 29H: Parse Filename into FCB ?
, mo

int FCB_parse (uXFCB, name, ctrl) ;
; char *uXFCB; ;
; char *name; ;

? int ctrl; i

; Returns -1 if error, ;
; 0 if no wildcards found, ;
; 1 if wildcards found. .- ;

JIGSROI IOGIOOIG IGG i a ek Gia d sO dae ak dk dak dak deg de dea oak

(more)
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cProc

‘parmDe
parmDP
parmB
cBegin

cEnd

Interrupt 21H Function 29H

FCB_parse, PUBLIC, <ds,si,di>
puXFCB
pnhame
ctrl

loadDP

push
xor

cla
mov

rep
pop
mov

add

loadDP
mov
mov

int
chw

es, di,puXFCB
ai
ax,ax

cx, 22d
stosw
di

;

™

.

Pointer to unopened extended FCB.
Save DI.

Fill all 22 (decimal) words of the
extended FCB with zeros.

Make sure direction flag says UP.

Recover DI.

byte ptr [di],0ffh ; Set flag byte to mark this as an

di,7

ds,si,pname
al,ctrl
ah,29h
21h

MeNeNeee
+ extended FCB.

Advance pointer to start of regularFCB.

Get pointer to filename into DS:SI.

Get parse control byte.
Parse filename, please.

Set return parameter.
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Interrupt 21H Function 2AH

Interrupt 21H (33) 1.0 and later
Function 2AH (42)
Get Date

Function 2AH returns the current system date —year, month, day, and day of the week —
in binary form.

ToCall
AH = 2AH

Returns

AL = day of the week (0 = Sunday, 1 = Monday, 2 = Tuesday, and so on;
MS-DOSversions 1.10 and later)

CX = year (1980 through 2099)
’ DH = month (1 through 12)

DL = day (1 through 31)

Programmer’s Note

@ Years outside the range 1980-2099 cannot be returned by Function 2AH.

Related Functions

2BH (Set Date)
2CH (Get Time)
2DH (Set Time)

Example
pO oR oie oi oi eo ok kek ok eo a ook oko OK ok ok ok kok kok kok kok kkk kk Fock ok kok RR RR EES

Function 2AH: Get Date

long get_date (pdow, pmonth, pday, pyear)
char *pdow, *pmonth, *pday;
int *pyear;

; : Returns the date packed into a long:
low byte = day of month

a next byte = month
next word = year.

9AR RR AR RA AReeeei ke RR A RRkeCROK

(more)
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cProc
parmDP
parmDP
parmDP
parmDP
cBegin

cEnd

get_date,PUBLIC,ds
pdow
pmonth
pday
pyear

mov ah, 2ah
int 21h

loadDP ds,bx,pdow
mov {bx],al
loadDP ds,bx,pmonth
mov [bx], dh
loadDP ds,bx,pday
mov [bx], dl
loadDP ds,bx,pyear
mov {(bx],cx
mov ax,dx
mov ax, cx

Set function code.

Interrupt 21H Function 2AH

Get date info from MS-DOS.

DS:BX = pointer to
Return: dow.

DS:BX = pointer to
Return month.

DS:BX = pointer to
Return day.
DS:BX =. pointer to
Return year.
Pack day, month,

dow.

month.

day.

year.

-.. and year into return value.

OLYMPUSEX. 1010 - 1277/1582
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Interrupt 21H Function 2BH

Interrupt 21H (33) 1.0 andlater
Function 2BH (43)
Set Date

Function 2BH accepts binary values for the year, month, and day of the month andstores
them in the system’s date counter as the numberofdays since January 1, 1980.

To Call

AH = 2BH

CX = year (1980 through 2099)
DH = month (1 through 12)
DL = day (1 through 3)

Returns

AL =00H_ system date updated
FFH invalid date specified !

Programmer’s Note

@ The year must be a 16-bit value in the range 1980 through 2099. Valuesoutside this
range are not accepted.In addition, supplying only the last two digits of the year
causes an error.

Related Functions

2AH (GetDate)
2CH (Get Time)
2DH (Set Time)

Example
FEAOR OR ROR RRRCRROR CIC ORa IG oak AR OR CE 5

Function 2BH: Set Date

; int set_date (month, day, year) ?
; char month, day; ;

int year;
;

; Returns 0 if date was OK, -1 if not. 7
;'

77 Re oeRE oR oe Re oe ek 2 oe oe eaioo ae oe ok kkaaOK

(more)
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cProc

parmB
parmB
parmw
cBegin

cEnd

set_date, PUBLIC
month

day
year

mov ah, month
mov dl, day
mov cx, year
mov ah, 2bh
int 2th
cbw

; Get
; Get
; Get
; Set
; Ask
; Return 0 or <1.

Interrupt 21H Function 2BH

new month.

new day.
new year.
function code.

MS-DOS to change date.
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Interrupt 21H (33) 1.0 and later
Function 2CH (44)
Get Time

Function 2CH reports the current system time — hours (based on.a 24-hourclock),
minutes, seconds, and hundredths of a second — in binary form.

To Call

AH =2CH

Returns

CH = hours (0 through 23)
CL = minutes (0 through 59)
DH = seconds(0 through 59)
DL = hundredthsof second (0 through 99)

Programmer’s Note

® The accuracy of the time returned by Function 2CH dependson the accuracyof the
system’s timekeeping hardware. On systems unable to resolve time to the hundredth
of a second, the DL register may contain either 00H or an approximate value calcu-
lated by an MS-DOSalgorithm.

Related Functions

2AH (GetDate)

2BH (Set Date)

2DH (Set Time)

Example
FOE Reoooe fe oe oe ke toe fe oe oe ae ne oe ke oie fe oe oft fe oe fe oe oe ae oe oe ofe oko fe ake oo ake oe ofa deo >

Function 2CH: Get Time

long get_time (phour, pmin, psec, phund)
char *phour, *pmin, *psec, *phund;

Returns the time packed into a long:
NeNeNeeeeeNeMeeeeeNeee low byte = hundredths

next byte = seconds i

next byte = minutes ; -
next byte = hours. 7

; ;

FRR eRRR AeeeeOeRRRR OR RRR RR ROR OR OK EEK

(more) _
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cProc

parmDP
parmDP
parmDP
parmDP
cBegin

cEnd

get_time, PUBLIC, ds
phour
pmin
psec

phund

mov
int
loadDP
mov

loadDP
mov

loadDP
mov

loadDP
mov
mov
mov

ah,2ch
21h

ds, bx, phour
{(bx],ch
ds, bx, pmin
[bx]},cl
ds, bx, psec
[bx] ,dh
ds,bx, phund
(bx],d1
ax,dx
dax,cx

Interrupt 21H Function 2CH

Set function code,
;-Get time from MS-DOS.

DS:BX = pointer to hour.
Return hour.

DS:BX = pointer to min.
Return min.

DS:BX = pointer to sec.
Return sec.

DS:BX = pointer to hund.
Return hund.

Pack seconds, hundredths, ...
«.. minutes, and hour into
return value.
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Interrupt 21H (33) 1.0 and later
Function 2DH (45)
Set Time

Function 2DH accepts binary values for the hour (based on a 24-hour clock), minute,
second, and hundredths of a second and stores them in the operating system's time
counter.

To Call

AH = 2DH

CH = hours (0 through 23)
CL = minutes (0 through 59)
DH = seconds(0 through 59)
DL = hundredths of second (0 through 99)

Returns

AL =00H time successfully updated
FFH invalid time specified

Programmer’s Note

@ Onsystemsthat are unable to resolve the time to the hundredth of a second, the DL
register should be set to 00H before Function 2DHis called.

Related Functions

2AH (Get Date)

2BH(Set Date)

2CH (Get Time)

Example
77Re ok ie eke 2k ee eR ee eooeee oeeeRORRR RR Rp
? ;
; Function 2DH: Set Time ;

; int set_time (hour, min, sec, hund) i
; char hour,min, sec, hund; ;

; Returns 0 if time was OK, -1 if not. ;

FROR RAC ASSeoA kof eee eo fof eS Ae fe oe ae oot Ce ae oe ke fle eae eae keke

(more)
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Interrupt 21H Function 2DHerpotePunctionoo

eProc

-parmB
parmB
parmB
parmB
cBegin

cEnd

set_time, PUBLIC
hour
min
sec
hund

mov ch, hour
mov cl,min
mov dh, sec
mov dl,hund
mov ah, 2dh
int 21h
cbhw

Get new hour.
; Get new minutes.

Get new seconds.
Get new hundredths.
Set function code.

; Ask MS-DOS to change time.
; Return 0 or -1.
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Interrupt 21H (33) 1.0 andlater
Function 2EH (46)
Set/Reset Verify Flag

Function 2EH turns the internal MS-DOSverify flag on oroff, thus determining whether
MS-DOSverifies disk write operations.

To Call

AH = 2EH

AL = 00H turn verify off
01H turn verify on

DL = 00H (MS-DOSversions 1.x and 2.x only)

Returns

Nothing

Programmer’s Notes

® Ifthe verify flag is on, MS-DOS requests any block-device driver to verify each sector
written.If the driver does not support read-after-write verification, the verify flag has
no effect.

® Function 54H (GetVerify Flag) can be used to check the current setting of the verify
flag.

® Verifying data slows disk access during write operations. Because disk errors are rare,
the default setting of the verify flag is off.

®@ Verification can be controlled at the user level with the MS-DOS VERIFY command.
Related Function

54H (GetVerify Flag)

Example ,
OR RRIC Re Ra oe eo RAR A ARRRACAC RRO kk OR oko oof dC a AR
; . ‘

; Function 2EH: Set/Reset Verify Flag :
;

; int set_verify (newvflag) ;
; char newvflag; ;

; Returns 0. i

3 FR a A ae ee A ae ERReR akeeoae a oe a RO ke oR ok oooa RK

(more)
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peoer,RRtN

eProc

parmB
cBegin

cEnd

set_verify, PUBLIC
newvflag

mov al,newvflag
mov ah,2eh
int 2th
xor ax,ax ~

Interrupt 21H Function 2EH

Get new value of verify flag.
Set function code.

Ask MS-DOS to store flag.
Return 0.
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Interrupt 21H (33) 2.0 andlater
Function 2FH (47)
Get DTA Address

Function 2FH returns the current disk transfer area (DTA) address.

To Call

AH = 2FH

Returns

ES:BX = segment:offset of current DTA address

Programmer’s Notes

® Function 2FH returns the base address of the current DTA. MS-DOShas no way of
knowingthe size of the buffer at that address, the program must ensure that the buffer
pointed to by the DTA addressis large enoughto hold any recordstransferredtoit.

@ The current DTA address can be set with Function 1AH (Set DTA Address). If the DTA
address is not set, MS-DOSuses a default buffer of 128 bytes located at offset 80H in
the program segmentprefix (PSP).

é

Related Function

1AH (Set DTA Address)

Example
77 AR ie i fe ieAeeRROa oo ok fee ae AC Oo ok oe oie oo ok ok OK

Function 2FH: Get DTA Address

i ;

; i
i ;

; char far *get_DTA() ;

? \ ?
; Returns a far pointer to the DTA buffer. i
H i

77ee Ae ee Re A Re RR ie 2 iekeeooe ke oe fe ke ee oi oe eoede oka a >

cProc get_DTA, PUBLIC
cBegin

mov ah, 2fh ; Set function code.
int 2th + Ask MS~DOS for current DTA address.

mov ax, bx 7 Return offsetin Ax.
mov dx,es ; Return segment in DX. -

cEnd
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Interrupt 21H Function 30H

Interrupt 21H (33) 2.0 andlater
Function 30H (48)
Get MS-DOSVersion Number

Function 30H returns the major and minor version numbers for MS-DOSversions 2.0 and
later.

To Call

AH = 30H
AL = 00H

Returns

AL = major version number(for example, 3 for MS-DOSversion 3.x)
AH = minor version number(for example, OAH for MS-DOSversion x.10)
BH = original equipment manufacturer’s (OEM’s) serial number (OEM

dependent — usually 00H for PC-DOS, OFFH or other values for MS-DOS)
BL:CX = 24-bit user serial number (optional; OEM dependent)

Programmer’s Notes

® With MS-DOSversions1.x, Function 30H returns 00H in the ALregister; the value
returned in AH is variable and not representative of the actual 1.x minor version
number.

Function 30H supplies the MS-DOSversion numberto an application program that
might require features of the operating system that are not available in all versions. If
an application attempts to use such features with the wrong version of MS-DOS,the
results are unpredictable.

Applications requiring MS-DOSversion 2.0 or late should use Function 30H to check
for versions 1.x. Because versions1.x do not contain predefined handlesfor displaying
error messages, Function 02H (Character Output) or Function 09H (Display String)
must be used with those versions. Similarly, applications running underversions 1.x
cannot terminate througha call to Function 4CH (Terminate Process with Return
Code).

Related Functions

None
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Interrupt 21H Function 30H 

Example
EF ae eke oe ie RRORRERROROC RR ER
?

; Function 30H: Get MS-DOS Version Number ;
; i

; int DOS_version () 7
; ;

; Returns. number of MS-DOS version, with ;
; major version in high byte, ;
; minor version in low byte. ;
; ?

PR Re RR oie ee ee Be oe ee OR a oe eee eae oe ie ee ie eR Re oh ok ok ok oe oe ook oo okOK >

cProc DOS_version, PUBLIC
cBegin

mov ax, 3000H + Set function code and clear AL.
int 21h + Ask MS-DOS for version number.

xchg al, ah ; Swap major and minor numbers.
cEnd
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Interrupt 21H Function 31H

Interrupt 21H (33) 2.0 andlater
Function 31H (49)

Terminate and Stay Resident

Function 31H terminates a program andreturns controlto the parent process (usually
COMMAND.COM)butkeeps the terminated program resident in memory.

To Call

AH = 31H
AL =return code

DX = numberofparagraphs of memoryto be reserved for current process

Returns

Nothing

Programmer’s Notes

@ The following interrupt vectors are restored from the program segmentprefix (PSP)
of the terminated program:

PSP Offset Vector for Interrupt

OAH Interrupt 22H (terminate routine)
OEH Interrupt 23H (Control-C handler)
12H Interrupt 24H (critical error handler) (versions2.0 andlater.)

@ The minimum amount of memory a process can reserve is 6 paragraphs (60H bytes),
whichconstitutes the initial portion of the process’s PSP Gincluding the reserved
areas).

® The amount of memory required by the program is not necessarily the same as the
size ofthefile that holds the program on disk. The program mustallow for its PSP and
stack in the amount of memory reserved; on the other hand,the memory occupied by
code and data used only during program initialization frequently can be discarded as
a side effect of the Function 31H call.

Before Function 31H is called, memory allocated to the terminating process’s environ-
mentblock should be released by loading ES with the segmentvalueat offset 2CH in
the PSP (the segment address of the environment) and calling Function 49H (Free
Memory Block).

@ The terminating process should return a completion code in the ALregister. If the
program terminates normally, the return code should be 00H. A return code of 01H or
greater usually indicates that termination was caused by an error encountered by
the process.
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Interrupt 21H Function 31H

Theparentprocess can retrieve the return code with Function 4DH (Get Return Code
of Child Process). If control returns to COMMAND.COM,the return code can be
tested with an ERRORLEVELstatementin a batchfile.

® After terminating the current process, MS-DOSattemptsto set the program’s memory
allocation to the amountspecified in DX.

® Function 31H is most often used for memory-residentutilities and subroutinelibraries
that can be accessed using interrupts.

® This function is preferable to Interrupt 27H (Terminate and Stay Resident) becauseit
allows programsthatare larger than 64 KB to remain resident, allows the terminating
program to pass a return codeto the parent process, and does not require that the CS
register contain the PSP address.

Related Functions

48H (Allocate Memory Block)
49H (Free Memory Block)
4AH (Resize Memory Block)
4BH (Load and Execute Program)
4CH (Terminate Process with Return Code)

4DH (Get Return Codeof Child Process)

Example
ORCOR OR ee oR eR oe eaafe OR ee oe oR oR oe oe oe eS a af ae ake fe ok seake ake

; Function 31H: Terminate and Stay Resident ;

; void keep_process (exit_code, nparas) ;
; int exit_code,nparas; ;

; Does NOT return! ;
; ;
FA eee ok ae ee ee oe oie oft eee oe fee oe oe oo fee a ee ok oe oe Oe 2k eo oo oe ok oe ok ok ok ookok

cProc keep_process, PUBLIC
parmB exit_code
parmwW nparas
cBegin

mov al,exit—_code ; Get return code.

mov dx,nparas ; Set DX to number of paragraphs the
; program wants to keep.

mov ah,3th ; Set function code.

int 21h ; Ask MS-DOS to keep process.
cEnd
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Interrupt 21H Function 33H

Interrupt 21H (33) . 2.0 and later
Function 33H (51)
Get/Set Control-C Check Flag

Function 33Hgetsorsets the status of the Control-C checkflag.

‘To Call

AH = 33H

AL =00H get current Control-C check flag
01H set Control-C check flag to value in DL

If AL is 01H:

DL = 00H set Control-C checkflag to off
01H set Control-C checkflag to on

Returns

AL =00H flag set successfully
FFH codein AL on call not 00H or 01H

If AL was 00H on call:

DL = 00H Control-C checkflag off
01H Control-C check flag on

Programmer’s Notes

@ ifthe Control-C check flag is off, MS-DOS checks for a Control-C entered at the key-
board only during servicing of the character I/O functions, 01H through OCH.If the
Control-C checkflag is on, MS-DOSalso checks for user entry of a Control-C during
servicing of other functions, such asfile and record operations.

@=Thestate of the Control-C checkflag affects all programs. If a program needs to
change the state of Control-C checking,it should save the original flag and restore it
before terminating.

Related Functions

None
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Interrupt 21H Function 33H 

Example
FMR Re aeEEeoeRaeRe2 oR Re oo 2 aeooO RKek

,

; Function 33H: Get/Set Control-C Check Flag . 3
i ;
; int controlC (func, state) ?
; int func, state; i
- .

; Returns current state of Control-C flag. ;
f

OSGIIGGIGGIIISGIG IORI IO IC ICICI GR AOR AIG 5

cProc controlC, PUBLIC
parmB func
parmB state
cBegin

mov al, func + Get set/reset function.

mov dl, state ; Get new valueif present.
mov ah,33h ; MS-DOS *C check function.
int 21h + Call MS-DOS.
mov al,dl 7; Return current state.

cbhw ; Clear high byte of return value. icEnd :
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Interrupt 21H Function 34H 

Interrupt 21H (33) 2.0 and later
Function 34H (52)
Return Address of InDOSFlag

Function 34H returns the address of the InDOSflag, which reflects the currentstate of
Interrupt 21H function processing.

Note: Microsoft cannot guarantee that the information in this entry will be valid for future
versions of MS-DOS.

To Call

AH = 34H

Returns

ES:BX = segment:offset of InDOSflag

Programmer’s Notes

@ The InDOSflag is a byte within the MS-DOSkernel. The value in InDOSis incre-
mented when MS-DOSbegins execution of an Interrupt 21H function and decre-
mented when MS-DOS'’sprocessing of that function is completed. Thus, the value
of InDOSis zero only when noInterrupt 21H processing is occurring.

@ The InDOSflag is one of the elements used in terminate-and-stay-resident (TSR) pro-
grams to determine when the TSR can be executedsafely.

Related Functions

None

Example
poke ok oe ke oe oi oie 2k oko ok oo ie oie oe oie koe eee oo oe oe oR oe oe eo oc oe oe 9 eo oie oe ok ok ok ok ok oO oh ok oo

Function 34H: Get Return Address of InDOS Flag

i
;
r
r
,

;

;

;
;
;

char far *inDOS_ptr () ;

Returns a far pointer to the MS-DOS inDOS flag. ;
;r

JIGSGGGIGIGGG IGOR GOO ICICI IGG ICR IOI ICICI ICICI GI ICI7

cProc inboS_ptr, PUBLIC
cBegin

mov ah, 34h 7 InDOS flag function.
int 21h ; Call MS-DOS.
mov ax,bx ; Return offset in AX.
mov dx,es ; Return segment in DX.

cEnd
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Interrupt 21H (33) | 2.0 and later
Function 35H (53)
Get Interrupt Vector

Function 35H returns the address stored in the interrupt vector table for the handler
associated with the specified interrupt.

To Call

AH = 35H

AL = interrupt number

Returns

ES:BX = segment:offset of handler for interrupt specified in AL

Programmer’s Note

®@ Interrupt vectors should always be read with Function 35H andsetwith Function 25H
(Set Interrupt Vector). Programs should never attempt to read or change interrupt
vectors directly in memory.

Related Function

25H (Set Interrupt Vector)

Example
PESOS EE UIEIEG HONE OGIOCIEC IG OIEEI REESE EE ERE IEE;

? Function 35H: Get Interrupt Vector ?

; typedef void (far *FCP) (); i
; FCP get_vector (intnum) ;
; int intnum; ;

; Returns a far code pointer that is the ;
? segment:offset of the interrupt vector. ;

FR ARR a ee ee ReEoAokRRR oRaok oR ok RRkp

eProc get_vector, PUBLIC
parmB intnum
cBegin

mov al, intnum ; Get interrupt number into AL. -
mov ah, 35h 7 Select "get vector" function.
int 21h ? Call MS-DOS.
mov ax, bx ? Return vector offset.
mov dx,es ; Return vector segment.

cEnd
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Interrupt 21H Function 36H

Interrupt 21H (33) 2.0 and later
Function 36H (54)
Get Disk Free Space ~

Function 36H returns disk-storage information for the specified drive.

To Call

AH = 36H

DL = drive specification (0 = default drive, 1 = driveA, 2 = drive B, and so on)

Returns

If function is successful:

AX = numberofsectors percluster
BX = numberofclusters available

CX = numberofbytes per sector
DX = numberofclusters on drive

If function is not successful:

AX = FFFFH invalid drive numberin DL

Programmer’s Notes

@ The AX register should be checkedfor a value of FFFFH (error) before information
returned by this function is used.

@ The numberof bytes of free storage remaining on the disk can be calculated by
multiplying available clusters times sectors per cluster times bytes per sector (BX*
AX* CX). ;

@ Function 36H regards“lost” clusters (clusters that are allocatedin thefile allocation
table [FAT] but do not belongtoafile) as being in use and subtracts them from the
amountof available storage, exactly as if they were allocatedtoafile.

® With MS-DOSversions 2.0 andlater, Function 36H should be usedin preference to the
FCB Functions 1BH (Get Default Drive Data) and 1CH (Get Drive Data).

Related Functions

1BH (Get Default Drive Data)

1CH (Get Drive Data)
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Interrupt 21H Function 36H  

Example
POGGIOCGRCIGAR GRR ROG GROG aOR RGR ACR CR OR RK 2

;

Function 36H: Get Disk Free Space ;
.Meee

long free_space (drive_ltr) ;
char drive_ltr; ‘ee

Returns the number of bytes free as ;
a long integer. ;;

? ?
FRR RR 0 Ae RR eR ee oe oaBe A ae eRa RRR oR RRRK EK ROK KK >

eProc free_space, PUBLIC
parmB drive_ltr
cBegin

mov dl,drive_ltr ; Get drive letter.
or dl,dl ; Leave 0 alone.

jz fsp
and dli,not 20h 7 Convert letter to uppercase.
sub dl, 'A'-1 ; Convert to drive number; 'A' = 1,.

; '"B’ = 2, etc. '
fsp:

mov ah, 36h ; Set function code.
int 2th 7 Ask MS-DOS to get disk information.
mul cx 7 Bytes/sector * sectors/cluster
mul bx 7 * free clusters.

cEnd
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Interrupt 21H Function 38H

Interrupt 21H (33) 2,0 and later
Function 38H (56)
Get/Set Current Country: Get Current Country

Function 38H includes two subfunctionsthat either get or set country data, depending on
the value in the DX register when the functionis called.

With MS-DOSversions2.0 andlater, if DX contains any value other than FFFFH, the Get
Current Country subfunction is invoked. Information on date, currency, and other country-
specific formats is then returnedin a buffer specified by the calling program. The country
codeis usually the sameas the country’s international telephoneprefix.

To Call

AH = 38H

With MS-DOSversions 2.x:

AL = 00H current country
DS:DX = segment:offset of 32-bytebuffer

With MS-DOSversions3.x:

AL = 00H current country
01~FEH country code between 1 and 254
FFH - country code of 255 or greater, specified in BX

BX - = country code if AL = FFH
DS:DX = segment:offset of 34-byte buffer

Returns

If function is successful:

Carryflag is clear.

BX = country code (MS-DOSversion 3.x only)
DS:DX = segment:offset of buffer containing country information

If function is not successful:

Carry flag is set.

AX = error code:

02H invalid country code
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Programmer’s Notes

@ With MS-DOSversions 2.x, the Get Current Country subfunction returnsthe following
information for the current country in the 32-byte country-data buffer (ASCIIZ format
is an ASCII character string ending in a zero byte):

Offset Type Description

00H Word Date format:

0 = United States (m/d/y)
1 = Europe (d/m/y)
2 = Japan Cy/m/d)

02H ASCIIZ Currency symbol
04H ASCIIZ Character used as thousands separator
06H ASCIIZ Character used as decimal separator
08H 24 bytes Reserved

@ With MS-DOSversions 3.x, the Get Current Country subfunction returns the following
information for the specified country in the 34-byte country-data buffer:

Offset Type Description

00H Word Date format:

0 = UnitedStates (m/d/y)
1 = Europe (d/m/y)
2 = Japan (y/m/d)

02H ASCIIZ Currency symbol 6 bytes, as opposedto 2 in versions 2.x
of MS-DOS)

07H ASCHIZ Character used as thousands separator
09H ASCIIZ Character used as decimal separator
OBH — ASCHIZ Character used as date separator
ODH -=ASCIIZ Character used as time separator
OFH Byte Position of currency symbol; possible values are

00H Currency symbolprecedesvalue with
no space

01H Currency symbolfollows value with
no space

02H Currency symbol precedes value with
one space

03H Currency symbolfollows value with
one space

10H Byte Numberof decimal places in currency

(more)
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Offset Type Description 

11H Byte Time format (00H = 12-hourclock; 01H = 24-hour clock)
12H Dword Case-mappingcall address (See Programmer’s Notes

below.)

16H ASCHZ Character used as separatorin datalists
18H 10 bytes Reserved

The case-mapping call address (MS-DOSversions 3.x only) is the segment:offset
of a FAR procedurethat performs country-specific mapping on ASCII characters in
the range 80H through OFFH.The character to be mapped must be placed in the AL
register beforethe call is made. If the character has an uppercase value, that valueis
returned in AL.If the character has no such value, AL is unchanged.
Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommended corrective action, and locus of
the error.

Related Function

38H

Example

(Set Current Country subfunction)

FO Ree eoeeee fe feee Re ee ReeeoR okoekee okie oe oo ok Co

; Function 38H: Get/Set Current Country Data i

; int country_info (country, pbuffer) ;
; char country, *pbuffer; ;

; Returns -1 if the "country" code is invalid. ;

DSOGIO ISIC AGI GR SICA AG EGROIGIOIGIGIG RA ICR AGI GK 7

cProc country_info, PUBLIC, ds
parmB country
parmDP pbuffer
cBegin

mov al, country ; Get country code.
loadDP ds,dx,pbuffer ; Get buffer pointer (or -1).
mov ah, 38h ; Set function code.
int 2ih ; Ask MS~DOS to get country

; information.
jnb cc_ok ; Branch. if country code OK.
mov ax,-1 ; Else return -1.

cc_ok:
cEnd
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Interrupt 21H (33) 3.0 andlater
Function 38H (56)
Get/Set Current Country: Set Current Country

Function 38H includes two subfunctionsthat either get or set country data, depending
on the value in the DX register when the function is called.

With MS-DOSversions3.0 and later, the Set Current Country subfunction is invokedif
Function 38His called with DX = FFFFH (-D. This subfunction selects the country for
which subsequentcalls to Get Current Country will! return information. The country code
used with this function is usually the same as the country’s international telephoneprefix.

To Call

AH = 38H

AL =countrycode fora code less than 255
FFH for country code of 255or greater, specified in BX

BX = country codeifAL = FFH ,
DX = FFFFH (1)

Returns

Tf function is successful:

Carryflagis clear.

If function is not successful:

Carryflag is set.

AX = error code:

02H invalid country code

Programmer’s Notes

@ MS-DOS normally uses the country code associated with the current KEYBxx
keyboard driverfile, if any. Otherwise, the default country code is OEM dependent.

@ Function 59H (Get Extended Error Information) provides further information on any
error —in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Function

38H (Get Current Country subfunction)

Example

See Function 38H Subfunction Get Current Country for example.
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Interrupt 21H Function 39H

Interrupt 21H (33) 2.0 andlater
Function 39H (57)
Create Directory

Function 39H creates a subdirectory using the specified path.

To Call

AH = 39H

DS:DX = segment:offset of ASCIIZ path

Returns

If function is successful:

Carry flag is clear.

If function is not successful:

Carryflag is set.

AX = error code:

-03H path not found
05H access denied

Programmer’s Notes

@ The path must be a null-terminated ASCII string (ASCIIZ).
@ MS-DOSplacesthe current directory (.) and parent directory (.) entries in all new

directories.

@ Function 39H returns error code 05H (access denied) in the followingcases:
— File or directory with the same namealready exists in the specified path.
— Parent directory is the root directory and the root directoryis full.
- Path specifies a device.
- Program is running on a network under MS-DOSversion 3.1 or later and the user

does not have Create accessto the parentdirectory. ;
@ Function 59H (Get Extended Error Information) provides further information on any

error— in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

3AH (RemoveDirectory)
3BH (Change Current Directory)
47H (Get Current Directory)
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Example
7 aa A oe oR oe EEeeA A oR A EeieoOR OK He KR RO OK
’

; Function 39H: Create Directory ;

int make_dir (pdirpath) ;
; char *pdixrpath; ;
; '

; Returns 0 if directory created OK, ;
; otherwise returns error code. ;
7 f

RR eeekAOR ee a ROK OORK Oe OK OR HRRH >

cProc make_dir, PUBLIC,ds
parmDP pdirpath
cBegin

loadDP ds,dx,pdirpath ; Get pointer to pathname.
mov ah, 39h : Set function code.
int 21h i Ask MS-DOS to make new subdirectory.
jb md_err / Branch on error.
xOr ax,;ax } Else return 0.

md_err: . /
cEnd .
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Interrupt 21H Function 3AH

Interrupt 21H (33) 2.0 and later
Function 3AH (58)

Remove Directory

Function 3AH removes(deletes) the specified subdirectory.

To Call

AH =3AH

DS:DX = segment:offset ofASCIIZ path

Returns

If function is successful:

Carryflag is clear.

If function is not successful:

Carry flag is set.

AX = error code:

03H path not found
05H access denied

10H current directory was specified

Programmer’s Notes

@ The path must be a null-terminated ASCII string (ASCIIZ).
@ Function 3AH returns error code 05H (access denied) in the following cases:

- Directory is not empty.
— Root directory was specified.
— Current directory was specified.
- Path doesnot specify a valid directory.
— Directory is malformed(. and.. not first two entries).
- Userhas insufficient access rights on a network running under MS-DOSversion 3.1

orlater.

® Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommendedcorrectiveaction, andlocus of
the error.

Related Functions

39H (Create Directory)
3BH (ChangeCurrent Directory)
47H (Get Current Directory)
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Example
HORE IEE OC IG IIRC A IER AACCOICCICR AR AR AREER IRE REE REET EER;

Function 3AH: Remove Directory

int remove_dir (pdirpath)
char *pdirpath;

; eeNee
Returns 0 if directory was removed,
otherwise returns error code. ;

;

3
:
?

PERO O IER GR TE IOIGEAAERA A RARE EAE EERIE SERRE RE

cProc remove_dir, PUBLIC,ds
parmDP pdirpath
cBegin

loadbP ds,dx,pdirpath ; Get pointer to pathname.
mov ah, 3ah ; Set function code.
int 21n ; Ask MS-DOS to delete subdirectory.
jb rdverr ; Branch on error.
xOr ax, ax ; Else return 0.

rdlerr: , !
cEnd
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Interrupt 21H Function 3BH

Interrupt 21H (33) 2.0 andlater
Function 3BH (59)

Change Current Directory

Function 3BH changesthe current directoryto the specified path.

To Call

AH = 3BH

DS:DX = segment:offset ofASCIIZ path

Returns

"Iffunction is successful:

Carry flag is clear.

If function is not successful:

Carry flagis set.

AX = error code:

‘03H path not found

Programmer’s Notes

@ The path must be a null-terminated ASCIIstring (ASCIIZ).
®@=Before a call to Function 3BH,Function 47H (Get Current Directory) can be used

to determine the current directory so that the original directory can be restored later
(for example, on termination of the program).

® Function 3BH can be used with programsthat rely on either FCB-based or handle-
basedcalls. It is the only method of changing the current directory that is supported
by MS-DOS.

@ Thepathstringis limited to a total of 64 characters, including separators.
@ Function 59H (Get ExtendedError Information) provides further information on any

error— in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

39H (Create Directory)
3AH (RemoveDirectory)
47H (Get Current Directory)
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Example
JuOG IEEE SO SEDER ODS SEESIGRIDSABEIIIA

Function 3BH: Change Current Directory

int change_dir (pdirpath)
char *pdirpath;

?

;:;

;
;

;
7

a
; Returns 0 if directory was changed,
; otherwise returns error code. ;
; i
PE HOE SSEIUDI OB DIES EIS IGE IIAASIASOE AEGOES

cProc change_dir, PUBLIC, ds
parmDP pdirpath
cBegin

loadpe ds,dx,pdirpath ; Get pointer to pathname.
mov ah, 3bh ; Ask MS-DOS to move to
int 27h ; different directory.
jb cd_err ; Branch on error.
xor ax,ax j; Else return 0.

cdlerr:
cEnd
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Interrupt 21H Function 3CH

Interrupt 21H (33) 2.0 and later
Function 3CH (60)
Create File with Handle

Function 3CH creates a file, assigns it the attributes specified, and returns a 16-bit handle
for thefile. If the named file already exists, Function 3CH opensit and truncatesit to zero
length.

To Call

AH = 3CH
CX = attribute

DS:DX = segment:offset of ASCIIZ pathname

Returns

If function is successful:

Carry flagis clear.

AX = handle number

If function is not successful:

Carry flag is set.

AX = error code:

03H path not found
04H too many openfiles
05H access denied

Programmer’s Notes

®@ Function 3CHis preferable to Function 16H (Create File with FCB)for creatingafile
because it supports full pathnames. Function 16H should be used only if compatibility
with versions 1.x of MS-DOSis required.

@ The pathname must be a null-terminated ASCIIstring (ASCIIZ).
@ Bits 0 through 2 of the 2-bytefile attribute in CX determine whetherthefile is normal,

read-only, hidden, or system. The attribute codes are
— 00H normalfile

- 01H_read-onlyfile
— 02H_hiddenfile

- 04H system file
Bits 3 through 5 are associated with volumelabels, subdirectories, and archivefiles.
The volume and subdirectory bits are invalid for Function 3CH and must besetto 0.
Bits 6 through 15 shouldbesetto 0 to ensure future compatibility.
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Values can be combinedto set severalfile attributes. For example,ifFunction 3CH is
called with CX = 0003H,thefile created is a read-only hiddenfile.

®@ Because Function 3CH truncates an existingfile to zero length, any information pre-
viously in thefile is lost. Alternative functions that protect against such loss include
the following:
— Function 3DH (OpenFile with Handle) or Function 4EH CFindFirst File), which

can be used to check for the previous existence ofthefile before Function 3CH is
called

— Function 5AH (Create Temporary File), which createsafile in the specified sub-
directory and gives it a unique name assigned by MS-DOS

— Function 5BH (Create New File), whichis similar to Function 3CH butfailsifit
findsa file that matches the specified pathname

@ After creating a file, Function 3CH sets the position of the file pointer to 0. Thus, the
next read or write operation takes place at the beginningofthefile.

@ Function 3CH returns error code 04H (too many openfiles) if no handle is currently
available. With MS-DOSversions 3.2 and earlier, a single process can have no more
than 20 files open at one time, 5 of which are normally assigned to the standard
devices.

Error code 05H (access denied) is returnedif the file is to be created in the root direc-

tory and therootis full orif a read-only file with the same namealready exists in the
specified subdirectory.

@ On networks running under MS-DOSversion 3.1 or later, the user must have Create
access to the directory containing thefile specified.

@ Function 59H (Get Extended Error Information) provides further information on any
error — in particular, the code, class, recommendedcorrective action, and locus of
theerror. ,

Related Functions

16H (Create File with FCB)
43H (Get/SetFile Attributes)

5AH (Create Temporary File)
5BH (Create New File)

Example
He ie ae oe ke oh ae ee of oss oo A A eo oR OO RkaieaR dee ae caak aOR eK

; Function 3CH: Create File with Handle i

; int create (pfilepath,attr) ;
; char *#pfilepath; ;
; int attr; ;

: Returns -1 if file was not created, i
; otherwise returns file handle. i

[SGI GIO RACE ACCC RC CIRCA AG eaeaOR ae doa CAC AO ACR TCA A RO RHC

(more)
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cProc

parmDP
parmw
cBegin

er_ok:
cEnd

create, PUBLIC,ds

ds;,dx,pfilepath

pfilepath
attr

loadDP

mov cx,attr
mov ah,3ch
int 21h

jnb cr_ok
mov ax,-1

;
Get pointer to pathname.
Get new file’s attribute.
Ask MS-DOS to make a new file.

Branch if MS-DOS returned handle.
Else return -1.
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Interrupt 21H (33) 2.0 and later
Function 3DH (61)
Open File with Handle

Function 3DH opensthe specified file and réturns a 16-bit handle numberfor subsequent
accessto thefile.

To Call

AH = 3DH

With versions 2.x of MS-DOS:

AL = file-access code:

Bits Value Meaning

3-7 00000 Reserved

0-2 — 000 Read-only access
001 Write-only access
010 Read/write access

DS:DX = segment:offset of ASCIIZ pathname

With versions 3.x of MS-DOS:

AL = file-access,file-sharing, and inheritance codes:

Bits Value Meaning

7 Gnherit bit) 0 Child process inherits file
1 Child process does not inherit

file

4-6 (sharing mode;_000 Compatibility mode
file access granted 001 Deny read/write access
to other processes) 010 Deny write access

011 Deny read access
- 100 Deny none

3 0 Reserved

0-2 (access cade; 000 Read-only access
file usage) 001 Write-only access

010 Read/write access

DS:DX = segment:offset of ASCIIZ pathname
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Returns

Interrupt 21H Function 3DH

If function is successful:

Carry flag is clear.
AX = handle number

If function is not successful:

Carry flag is set.

AX = error code:

02H file not found

03H path not found
04H too manyopenfiles
05H access denied
0CH invalid access code

Programmer’s Notes

Function 3DHis preferable to Function 0FH (Open File with FCB) becauseit allows
the use of pathnames. Function OFH should be used only if compatibility with ver-
sions 1.x of MS-DOSis required.
Function 3DH opensanyfile matching the pathname in DS:DX,including hidden and
system files.
The pathname mustbea null-terminated ASCII string(ASCIIZ).
Function 3DH returns error code 04H (too many openfiles) if no handle is currently
available. With MS-DOSversions 3.2 and earlier, a single process can have no more
than 20files open at one time,5 of which are normally assignedto the standard
devices.

Function 3DH returns error code 05H (access denied) if the pathnamespecifies a
directory or volumelabelorif read/write access was requested for a read-onlyfile.

Function 3DH returns error code OCH (invalid access code) ifbits 0—2 in AL contain

any value other than 000,001, or 010.
With MS-DOSversions2.x, only bits 0-2 of the byte in AL are meaningful; they should
contain the type of access allowedforthe file. Bits 3-7 should always be zero.

With MS-DOSversions 3.0 and later, networking capabilities require bits 4-7, as well
as 0-2, to be set. (Bit 3 is reserved and should be 0.)

Bit 7, the inherit bit, should be set to indicate whetherchild processes created by the
current process with Function 4BH (Load and Execute Program)either can (0) or can-
not (1) inherit the file. When a process inheritsafile, it also inherits the access and
sharing modes.
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Related Functions

1302

Bits 4-6 are called the “sharing code”; they indicate the type of access other users on
the network can have to the file. The five sharing modes and the conditions under
which they pertain are as follows:
— mode 000 (compatibility). Allows other programs running on the same machine

unlimited accessto thefile. Programs running on other machines cannot access
the file across the network. unlessit has the read-only attribute. An attempt to open
the file in compatibility modefails if the file has already been opened with any
other sharing mode.

— 001 (deny read and write access). Provides exclusive accessto the file. Any subse-
quentattempts by others Gncluding the current process) to open thefile fail. This
modefails if the file has already been opened in compatibility mode orfor read or
write access, even by the current process.

— 010 (deny write access). Allows other processes to openthe file for read-only ac-
cess. This mode failsif the file has already been opened in compatibility mode or
for write access by any other process.

— 011 deny read access). Allows other processes to openthefile for write-only ac-
cess, This modefails if the file has already been opened in compatibility mode or
for read access by any other process.

— 100 (deny none). Similar to compatibility mode, but does not allow other processes
to open thefile in compatibility mode. This modefails if the file has already been
opened in compatibility mode by any other process.

@® Whenthefile is opened, the position of the file pointer is set to 0. Function 42H
(MoveFile Pointer) can be usedto changeits position.

@ With MS-DOSversions 3.0 andlater,if this function fails becauseofa file-sharing
error, the operating system issues an Interrupt 24H (Critical Error Handler Address)
with error code 02H (drive not ready). Function 59H (Get Extended Error Informa-
tion) must be usedto find the extended error code specifying the type of sharing
violation that occurred.

i

OFH (OpenFile with FCB)
3EH (CloseFile)

3FH (Read File or Device)
40H (Write File or Device)

42H (MoveFile Pointer)
43H (Get/Set File Attributes)

57H (Get/Set Date/TimeofFile)
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Example

FAOAICI SACI AT I IISAIAACR ICR RORERE
, ;

; . Function 3DH: Open File with Handle ;
; ?
; int open (pfilepath, mode) :
; char *pfilepath; int mode; ;

; Modes: ;
i 0: Read : ;
; i: Write ;
; 2: Read/Write ;
; ;
; Returns -1 if file was not opened, :
; otherwise returns file handle. ;
? i

FRCStkAG IGE aI ICICI ORCA IC ROI ISI I ACIS ACACIA IG AOR ACHE ACE KK

cProc open, PUBLIC, ds
parmDP pfilepath
parmB mode
cBegin

loadDP ds,dx,pfilepath ; Get pointer to pathname.
mov al,mode . + Get read/write mode.

mov ah, 3dh i Request MS-DOS to open the
int — 21th ; existing file.
jnb op_ok ; Branch if MS-DOS returned handle.
mov ax,-1 ; Else return -1.

op_ok:
cEnd
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Interrupt 21H (33) 2.0 and later
Function 3EH (62)
Close File

Function 3EHclosesthe file referenced by the specified handle.

To Call

AH = 3EH
BX = handle number

Returns

If function is successful:

Carryflag is clear.

If function is not successful:

Carry flag is set.

AX = error code:

06H invalid handle number

Programmer’s Notes

@ The handle in BX must be one that was returned by a successfulcall to one of the
following functions:
— 3CH (Create File with Handle)

— 3DH (OpenFile with Handle)
— 5AH (Create TemporaryFile)
— 5BH (Create New File)

@ Ifthe file has been modified, truncated, or extended, Function 3EH updates the cur-
rent date, time, andfile size in the directory entry.

@ Allinternal MS-DOSbuffers for thefile, including directory andfile allocation table
(FAT) buffers, are flushed to disk.

@ With MS-DOSversions3.0 and later, a program must removeallfile locksin effect
before it closes a file. The result of closing a file with active locks is unpredictable.

@ Function 59H (Get Extended Error Information) provides further information on any
error —in particular, the code, class, recommendedcorrective action, and locus of
the error.
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Related Functions

10H (Close File with FCB)
3CH (Create File with Handle)
3DH (OpenFile with Handle)
5AH (Create Temporary File)
5BH (Create NewFile)

Example

JAEGGI IORI A TEE ICICI ICICI IO RICE AO HCC AC ACCA ACE A AC CAC AC AE ACa
? ?
; Function 3BEH: Close File ;
; ?

; int close (handle) }
i int handle;
i ;
; Returns -1 if file was not closed, ;
; otherwise returns 0. ;

7A eeeehefeeeRAis fC OR ARCA ACR AG AO aR

cProc close, PUBLIC
parnW handle
cBegin

mov bx,handle # Get handle,
mov ah, 3eh 7 Set function codes.
int 21h 7 Ask MS-DOS to close handle.
mov al,0

jnb cliok + Branch if no error,

mov al,~1 * Else return -1._cl_ok:

cbhw ; Extend result.
cEnd
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Interrupt 21H (33) 2.0 andlater
Function 3FH (63)
Read File or Device

Function 3FH readsfrom thefile or device referenced by a handle.

-To Call

AH = 3FH

BX = handle number

CX = numberof bytesto read
DS:DX = segment:offset of data buffer

Returns

If function is successful:

Carry flagis clear.

AX = numberofbytes read from file
DS:DX = segment:offset of data read from file

If function is not successful:

Carryflag is set.

AX = error code:

05H access denied
06H invalid handle

Programmer’s Notes

® Datais read from the file beginning at the current location ofthe file pointer. After a
’ successful read, the file pointer is updated to point to the byte following thelast byte

read.

@=If Function 3FH returns 00H in the AX register, the function attempted to read when
the file pointer wasat the end ofthefile. If AX is less than CX,a partial record at the
end ofthe file was read.

@ Function 3FH can be used with all handles, including standard input (normally the
keyboard). When reading from standardinput, this function normally reads charac-
ters only to the first carriage-return character. Thus, the numberof bytes read in AX
will not necessarily match the length requested in CX.

® Onnetworks running under MS-DOSversion 3.1 or later, the user must have Read
accessto the directory andfile containing theinformation to be read.

@ Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommendedcorrective action, and locus of
the error.
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Related Functions

40H (Write File or Device)

42H (Move File Pointer)
59H (Get Extended.Error Information)

Example

JOC RIGIS RH IOI iGdio IciGk a ISI GISCICIGGR I I RR IGE ca RRR ACI a CACC Ea ke aca aca 2
- i

; Function 3FH: Read File or Device ;

; int read (handle, pbuffer,nbytes) ;

; int handle, nbytes; ;
; char *pbuffer; ;
; ,

; Returns -1 if there was a read error, 3
? otherwise returns number of bytes read. ;

SSSGMIGR IG GIG IORI RGIIISIG SAIC IGE ICICI ICH Ri aca a lok 2

cProc read, PUBLIC, ds

parmW handle
parmDP pbuffer
parmW nbytes
cBegin

mov bx, handle ; Get handle.
loadDP ds,dx,pbuffer ; Get pointer to buffer.
mov ex, nbytes ; Get number of bytes to read.
mov ah, 3fh Set function code.
int 2th ; Ask MS-DOS to read CX bytes.
jnb rd_ok ; Branch if read worked.
mov ax,=1 ; Else return -1.

rd_ok:
cEnd
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Interrupt 21H (33) 2.0 and later
Function 40H (64)
Write File or Device

Function 40H writes the specified number ofbytestoafile or device referenced by a
handle,

To Call

AH = 40H

BX = handle

CX = numberofbytesto write
DS:DX = segment:offset of data buffer

Returns .

If function is successful:

Carry flag is clear.

AX = numberof bytes writtento file or device

If function is not successful:

Carry flagis set.

AX = error code:

05H access denied

06H invalid handle

Programmer’s Notes

1308

® Data is written to the file or device beginningat thecurrent location ofthefile
pointer. After writing the specified data, Function 40H updatesthe position of the
file pointer and returns the actual numberofbytes written in AX.

® Function 40H returns error code 05H (access denied) if the file was opened as read-
only with Function 3CH (Create File with Handle), 3DH (OpenFile with Handle),
5AH (Create Temporary File), or 5BH (Create New File). On networks running under
MS-DOSversion3.1 or later, access is also deniedif the file or record has been locked
by another process.® The handle numberin BX must be oneofthepredefined device handles (0 through 4)
or a handle obtained througha previouscall to open or create a file (such as Function

_ 3CH, 3DH, 5AH,or SBH).
@ IfCX= 9,the file is truncated or extendedto the currentfile pointer location. Clusters

are allocated or released in thefile allocation table (FAT) as requiredto fulfill the
request.
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Interrupt 21H Function 40H 

If the handle parameter for Function 40H refersto a disk file and the number ofbytes
written (returned in AX) is less than the numberrequested in CX,the destination disk
is full. The carry flag is not set in this situation.
Function 59H (Get Extended Error Information) provides further information on any

the error.

Related Functions

3FH (ReadFile or Device)
42H

Example

(MoveFile Pointer)

-error—in particular, the code, class, recommendedcorrective action, and locus of

FTE RR Re ae oR ie oie eo oh ke oe oe oe ee ke eo oe oie ae eo oo ok ke oe oR oR oR oO BoB RoR RRR RRR

; Function 40H: Write File or Device ;
? ?

; int write (handle, pbuffer,nbytes) ;
i int handle, nbytes; ?
; char *pbuffer; ;
? . ;

? Returns -1 if there was a write error, ;
; otherwise returns number of bytes written. ;

FR a A ie oR Ree oe oe ok eo oe oi oR ie le oe oe oe eo ee eAei ee os of oe oi ok oe eo oe ot ake ok oh oo HE

cProc write, PUBLIC,ds
parmwW handle
parmDP pbuffer
parmw nbytes
cBegin

mov bx, handle
loadDP ds,dx,pbuffer
mov cx,nbytes
mov ah, 40h
int 2th

jnb wtr_ok
mov ax,~]

wr_ok:
cEnd

; Get handle.

; Get pointer to buffer.
; Get number of bytes to write.
; Set function code.

‘; Bsk MS-DOS to write CX bytes.
; Branch if write successful.
; Else return ~1.
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Interrupt 21H (33) | 2.0 andlater
Function 41H (65)
Delete File

Function 41H deletes the directory entry of the specifiedfile.

To Call

AH = 41H

DS:DX = segment:offset ofASCIIZ pathname

Returns

If function is successful:

Carry flagis clear.

If Function is not successful:

Carryflag is set.

AX = error code:

02H file not found

03H path not found
05H access denied

Programmer’s Notes

@ The pathname must be a null-terminated ASCII string (ASCIIZ). Unlike Function 13H
(Delete File), Function 41H does not allow wildcard characters in the pathname.

@ Because Function 41H supports the use offull pathnames,it is preferable to Function
13H.

® Function 4]H returns error code 05H (access denied) andfails if the file has either a

directory or volumeattributeorif it is a read-onlyfile.

A directory can be deleted Gf it is empty) with Function 3AH (RemoveDirectory). A
read-only file can be deletedif its attribute is changed to normal with Function 43H |
(Get/Set File Attributes) before Function 41H is called. ,

@ Onnetworks running under MS-DOSversion 3.1 orlater, the user must have Create
access to the directory containing thefile to be deleted.

® Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

3AH (RemoveDirectory)
43H (Get/Set File Attributes)
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Example

cProc

parmDP
eBegin

dl_err:
cEnd

Interrupt 27H Function 41H

JIGS TA IOI AR a A TE ICICI CI ICIICIGICI GC ICIC ISIC ACA IOC ir A i iio soi aca oR.?

?
?

;
i
r

?
i:?
’

Function 41H: Delete File

int delete (pfilepath)
char *pfilepath;

Returns 0 if file deleted,

otherwise returns error code.

delete, PUBLIC,ds
pfilepath

loadDP ds,dx,pfilepath
mov ah, 41h
int 2th

jb dl_err

xor ax, ax

t

FAR AAR RRRAARRCRARC ACI AOR AR ok

Get pointer to pathname.
Set function code.
Ask MS-DOS to delete file.
Branch if MS-DOS could not delete
file,
Else return 0.
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Interrupt 21H (33) 2.0 and later
Function 42H (66)
MoveFile Pointer

Function 42H sets the position of the file pointer (for the next read/write operation) for |
the file associated with the specified handle.

To Call

AH = 42H

AL = method cade:

00H byte offset from beginningoffile
01H byte offset from current location offile pointer
02H byte offset from endoffile

BX = handle number

CX:DX = offset value to move pointer:
CX mostsignificant half of a doubleword value
DX least significant half of a doubleword value

Returns |

Iffunction is successful:

Carryflag is clear.

DX:AX = new file pointer position (absolute byte offset from beginningoffile)

If Function is not successful:

Carry flag is set.

AX = error code:

01H invalid function (AL not 00H, 01H, or 02H)
06H invalid handle

Programmer’s Notes

@ The value in CX:DXis an offset specifying how farthe file pointeris to be moved.
With method code 00H,the value in CX:DX is alwaysinterpreted as a positive 32-bit
integer, meaning thefile pointeris always set relative to the beginning ofthefile.

With method codes 01H and 02H,the value in CX:DX can beeither a positive or nega-
tive 32-bit integer. Thus, method1 can movethefile pointereither forward or back-
ward from its current position; method 2 can movethefile pointer either forward or
backward from the endofthefile.
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® Specifying method code 00H with an offset of 0 positions thefile pointerat the begin-
, ning ofthefile. Similarly, specifying method code 02H with an offset of 0 conve-

niently positionsthefile pointer at the end ofthefile. With method code 02H offset0,
the size of thefile can also be determined byexaminingthepointerposition returned
by the function.

. @ Depending onthe offset specified in CX:DX, methods 1 and 2 may movethefile
pointer to a position before the start ofthe file. Function 42H does not return an error
codeif this happens, but later attempts to read from or write to thefile will produce
unexpectederrors.

©@ Function 59H (Get Extended Error Information) provides further information on any
error— in particular, the code, class, recommended corrective action, and locus of
the error.

Related Functions

3FH (Read File or Device)

40H (Write File or Device)

Example
JORISUSI UGRISIG GIO IO GIORGIO CIC RG aOR AOR a kA HOR IKE sok 5

Function 42H: Move File Pointer ;

? ?
?
,

long seek (handle, distance, mode) ;
int handle, mode; : ;
long distance; ;

Modes:NeweMeSeteteoe ,

0: from beginning of file ;
: from the current position ;

2: from the end of the file . :

Returns ~1 if there was a seek error, ;
otherwise returns long pointer position. ;

; ?

OR ae oR oe eo he oie Se Re ee eRe ke ReaRe ae a eS a oe oe Se ae ae Se SR he ok oe ake a okt ot ie ae a oR a ao Oe

cProc seek, PUBLIC
parmW handle
parmD distance
parmB mode
eBegin

mov bx, handle } Get handle. /
les dx, distance ; Get distance into ES:DX.
mov Cx,es . } Put high word of distance into CX.
mov al,mode } Get move method code.
mov ah, 42h } Set function code.

(more).
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Interrupt 21H Function 42H

int 21h + Ask MS-DOS to move file pointer.
jnb sk_ok ; Branch if seek successful.
mov ax,-1 ; Else return -1.
cwd

sk_ok:

cEnd
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Interrupt 21H (33) 2.0 andlater
Function 43H (67)
Get/SetFile Attributes.

Function 43H gets or sets the attributes of the specified file.

To Call

AH = 43H

Togetfile attributes:

AL = 00H

DS:DX = segment:offset of ASCIIZ pathname

To setfile attributes:

AL =01H

CX = attributes to set:

Bit Attribute

0 Read-onlyfile
1 Hiddenfile .

2 System file
5 Archive

DS:DX = segment:offset of ASCIIZ pathname

Returns

If function is successful:

Carryflagis clear.

CX = attribute .

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid function (AL not 00H or 01H)
02H file not found

03H path not found
05H access denied
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Programmer’s Notes

® The pathname must be a null-terminated ASCTI string (ASCIIZ).
® Function 43H cannot be usedto set or change either a volume-label or directoryat-

tribute (bits 3 and 4 of the attribute byte). With MS-DOSversions3.x, Function 43H
can be used to make a directory hidden or read-only.

® On networks running under MS-DOSversion 3.1 or later, the user must have Create
accessto the directory containingthefile in order to change the read-only, hidden, or
system attribute. The archive bit, however, can be changed regardless of accessrights.

® Function 59H (Get Extended Error Information) provides further information on any
error— in particular, the code, class, recommended corrective action, and locus of
the error.

Related Functions

None

Example
SIGGOCICIOIIGGIGICIO IGG IGOR GOIICIGCIOI ICICI CHC a ACH RG A AK AG AC 3

; Function 43H: Get/Set File Attributes i
; i

; int fileuattr (pfilepath, func, attr) :
; char *pfilepath; ;
; int func,attr; ;

; : Returns -1{ for all errors, ;
; otherwise returns file attribute. i

FEARekeAkKAROeRoe OR OK RK

eProc fileattr, PUBLIC,ds
parmDP pfilepath
parmB func
parmw attr
cBegin

loadDP ds,dx,pfilepath ; Get pointer to pathname.
mov al, func 7 Get /set flag into AL.
mov cx,attr +; Get new attr (if present).
mov ah, 43h ; Set code function.

int 2th ; Call MS-DOS...
jnb fa_ok ; Branch if no error.
mov cx,71 ; Else return -1.

fa_ok:

mov ax,Cx ; Return this value.

cEnd
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Interrupt 21H (33) 2.0 andlater
Function 44H (68) |
IOCTL

Function 44His a collection of subfunctionsthat provide a process a direct path of com-
munication with a device driver. As such,this function is the most flexible means of gain-
ing access to the full capabilities of an installed device.

An IOCTLsubfunctionis called with 44H in AH and the valuefor the subfunction in AL. If

a subfunction has minor functions, those values are specified in CL. Otherwise, the BX,
CX, and DXregisters are used for such information as handles, drive identifiers, buffer ad-
dresses, and so on.

The subfunctions and the versions of MS-DOSwith which theyare available are

Subfunction

00H

01H

02H

03H
04H

05H

06H
07H

08H

09H
OAH

OBH

0CH

MS-DOS
Name Versions

Get Device Data 2.0 and later

Set Device Data 2.0 and later

Receive Control Data from Character Device 2.0 and later

Send Control Data to Character Device 2.0 andlater

Receive Control Data from Block Device 2.0 and later

Send Control Data to Block Device 2.0 andlater

CheckInput Status 2.0 and later
Check OutputStatus 2.0 and later
CheckIfBlock Device Is Removable 3.0 and later

CheckIfBlock Device Is Remote 3.1 and later
CheckIfHandle Is Remote 3.1 and later

ChangeSharing Retry Count 3.1 and later
Generic I/O Control for Handles 3.2

ODH

Minor Code 45H:SetIteration Count

Minor Code 65H: Get Iteration Count

Generic I/O Control for Block Devices 3.2
Minor Code 40H:Set Device Parameters

Minor Code 60H: Get Device Parameters |
Minor Code 41H: Write Track on Logical Drive
Minor Code 61H: Read Track on Logical Drive
Minor Code 42H: Format and Verify Track

on Logical Drive
Minor Code 62H:Verify Track on Logical Drive

(more)
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Interrupt 21H Function 44H

_ MS-DOS
Subfunction Name Versions

OEH Get Logical Drive Map 3.2
OFH Set Logical Drive Map 3.2

These subfunctions are documented,either individually or in related pairs, in the entries
that follow.
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Interrupt 21H Function 44H Subfunction 00H

Interrupt 21H (33) 2.0 andlater
Function 44H (68) Subfunction 00H
IOCTL: Get Device Data

Function 44H Subfunction 00H gets information about a character deviceorfile referenced
by a handle.

To Call

AH = 44H
AL =00H

BX = handle number

Returns

If function is successful:

Carryflag is clear.

DX contains information on file or device:

Bit Value Meaning

Fora file (bit 7 = 0):

8-15 0 Reserved.

7 0 Handlereferstoafile.

6 0 File has been written.
0- 5 Drive number (0 = A, 1 = B, 2 = C, and so on).

For a device (bit 7 = 1):

15 0 Reserved.
14 1 Processescontrolstrings transferred by IOCTL Subfunctions 02H

(Receive Control Data from Character Device) and 03H (Send

Control Data to Character Device), set by MS-DOS. .
8-13 0 Reserved.
7 1 Handle refers to a device.

6 0 Endoffile on input.
5. 0 Checksfor control characters (cooked mode).

1 Doesnot check for control characters (raw mode).

(more)
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Interrupt 21H Function 44H Subfunction 00H

 

Bit Value Meaning

4 0 Reserved.

3 1 Clockdevice.
2 1 Null device.

1 1 Standard output device.
0 1 Standard input device.

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid IOCTL subfunction
05H access denied
06H invalid handle

Programmer’s Notes

@ Bits 8-15 of DX correspondto the upper8 bits of the device-driver attribute word.
@ The handle in BX must reference an open device orfile. '
® Bit5 of the device data word for character-device handles defines whetherthat han-

dle is in raw mode or cooked mode.In cooked mode, MS-DOSchecksfor Control-C,
Control-P, Control-S, and Control-Z characters and transfers control to the Control-C
exception handler Gwhose addressis saved in the vectorfor Interrupt 23H) when a
Control-C is detected. In raw mode, MS-DOSdoes not check for such characters when
I/O is performed to the handle; however, it will still check for a Control-C entered at
the keyboard on otherfunction calls unless such checking has been turned offwith
Function 33H,the BREAK=OFFdirective in CONFIG.SYS, or a BREAK OFF com-
mand at the MS-DOS prompt.

@ Function 59H (Get Extended Error Information) provides further information on any
error — in particular, the code, class, recommended corrective action, and locus of
the error.

Related Functions

33H (Get/Set Control-C Check Flag)
3CH(Create File with Handle)

3DH (OpenFile with Handle) \
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Interrupt 21H Function 44H Subfunction 00H ”

Example

SRRSe eeeee SeeeeARA kek eke ae A Aa AC AK
; i
; Function 44H, Subfunctions 00H,O1H:
; Get/Set IOCTL Device Data :

int ioctl_char_flags (setflag, handle, newflags)
int setflag; ;
int handle;

;
;

; int newflags;

; Set setflag = 0 to get flags, 1 to set flags.
i

; Returns -1 for error, else returns flags.

? SSK SR Se ake He oe COR ofc fe fe ie ke eae 2 ie oe ie he ake ke ke ie oe ie aE kK eK oo 9 22a ok ok 2 oooi fe aoe

cProc ioctl_char_flags, PUBLIC
parmB setflag
parmwW handle
parmw newflags
cBegin

mov al,setflag ; Get setflag.
and al,1 ; Save only lsb.
mov bx, handle ; Get handle to character device.
mov dx,newflags ; Get new flags (they are used only

i by "set" option).
mov ah,44h ; Set function code.
int 2ih ; Call MS-DOS.
mov ax, dx ; Assume success - prepare to return

; flags.
jnc iocfx ; Branch if no error.
mov ax,-1 ; Else return error flag.

iocfx:
cEnd
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-Interrupt 21H Function 44H Subfunction 01H

Interrupt 21H (33) 2.0 andlater
Function 44H (68) Subfunction 01H
IOCTL: Set Device Data

Function 44H Subfunction 01H, the complement of IOCTL Subfunction 00H,sets informa-
tion about a character device — butnota file— referenced by a handle.

To Call

AH = 44H

AL =01H
BX = handle number

DX = device data word:

Bit Value Meaning

8-15 0 Reserved. !

7 1 Handlerefers to a device.

6 0 Endoffile on input.
5 0 Check for control characters

(cooked mode).
1 Do not check for control! characters

(raw mode).
4 0 Reserved.

3 1 Clock device.

2 1 Null device.

1 1 Standard output device.
0 1] Standard input device.

Returns

If function is successful:

Carry flag is clear.

’ If function is not successful:

Carryflagis set.

AX =error code:

01H invalid IOCTL subfunction

05H access denied
06H invalid handle
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  Example

Interrupt 21H Function 44H Subfunction 01H

Programmer’s Notes

The handle in BX must reference an open device.
DH must be OOH.If it is not, the carry flag is set and error code 01H (invalid function)
is returned..

Bit 5 of the device data word for character-device handles selects raw mode or cooked

modefor the handle. In cooked mode, MS-DOSchecksfor Control-C, Control-P,
Control-S, and Control-Z characters and transfers controlto the Control-C exception

. handler Gvhose addressis saved in the vector for Interrupt 23H) when a Control-C is
detected. In raw mode, MS-DOSdoes not check for such characters whenI/O is per-
formedto the handle; however,it will still check for a Control-C entered at the key-
board on other function calls unless such checking has been turned off with Function
33H, the BREAK=OFFdirective in CONFIG.SYS, or a BREAK OFF commandat the
MS-DOSprompt.
Function 59H (Get ExtendedError Information) provides further information on any
error—in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

33H (Get/Set Control-C Check Flag)
3CH (Create File with Handle)
3DH (OpenFile with Handle)

See SYSTEM CALLS: INTERRUPT 21H: Function 44H Subfunction OOH.
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Interrupt 21H Function 44H Subfunctions 02H and 03H

Interrupt 21H (33) | 2.0 and later
Function 44H (68) Subfunctions 02H and 03H
IOCTL: Receive Control Data from Character Device; Send Control Data to
Character Device

Function 44H Subfunctions 02H and 03H respectively receive and send controlstrings
from and to a character-oriented device driver.

To Call

AH = 44H

AL = 02H receive control strings
' 03H send control strings

BX = handle number
CX = numberofbytesto transfer
DS:DX = segment:offset of data buffer

Returns

If function is successful: .

Carry flag is clear.

AX = numberofbytes transferred

If AL was 02H oncall:

Buffer at DS:DX contains data read from device driver.
If function is not successful:

Carryflag is set.

AX = error code:
01H invalid function

05H access denied

06H invalid handle

ODH  _ invalid data (bad controlstring)

Programmer’s Notes

@ Subfunctions 02H and 03H provide a meansoftransferring control information of any
type or length between an application program and a character-device driver. They
do notnecessarily result in any input to or output from the physical deviceitself.

® Subfunction 02H can be usedto read controlinformation about such features as

device status, availability, and current output location. Subfunction 03H is often used
to configure the driver or device for subsequent I/O; for example, it may be used to set
the baud rate, word length, and parity for a serial communications adapterorto initial-
ize a printer for a specific font, page length, and so on. The format ofthe control data
passed by these subfunctionsis driver specific and does not follow any standard.
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Interrupt 21H Function 44H Subfunctions 02H and 03H

-@®  Character-device drivers are not required to support IOCTL Subfunctions 02H and
' 03H. Therefore, Subfunction 00H (Get Device Data) should be called before either

Subfunction 02H or 03H to determine whether a device can process controlstrings.
Ifbit 14 of the device data word returned by.Subfunction 00H isset, the device driver
supports IOCTL Subfunctions 02H and 03H.

.@ Function 59H (Get Extended Error Information) providesfurther information on any
error— in particular, the code, class, recommended corrective action, and locus of
the error. ‘

Related Functions

44H Subfunction 00H (Get Device Data)

44H Subfunction 04H (Receive Control Data from Block Device)

44H Subfunction 05H (Send Control Data to Block Device)

Example
HR oe a oe A RA a oe ah ORoA HR oi oie eo HR hoOOKO Oh KR OR RK
;

; Function 44H, Subfunctions 02H,03H; ;
; IOCTL Character Device Control ;

; int ioctl_char_ctrl(recvflag, handle, pbuffer, nbytes) ;
i int recvflag; : ;
; int handle; ;
; char *pbuffer; ;
; int nbytes; i

? Set recvflag = 0 to receive info, 1 to send. i
; 7

; Returns -1 for error, otherwise returns number of ;
; bytes sent or received, ;

FFB AR oR eo ae He ee OR Be a oe ee ok os fa oR oR oR ok HEHoaOR A ARH ok RR RH

cProc jiocti_char_ctr1, PUBLIC, <ds>
parmB recvflag
parmW handle
parmDP pbuffer
parmW nbytes
cBegin

mov al,reevflag 3 Get recvflag.
and al,1 7 Keep only lsb,
add al,2 7 AL = 02H for receive, 03H for send.
mov bx, handle + Get character-device handle.

mov ex,nbytes ; Get number of bytes to receive/send.
loadDP ds,dx,pbuffer ; Get pointer to buffer.
mov ah,44h 7 Set function code,
int 21h ; Call MS-DOS.

jnc iLecx ; Branch if no error,
mov ax,;-1 ; Return -1 for all errors.

iccx:
cEnd
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Interrupt 21H Function 44H Subfunctions 04H and 05H

Interrupt 21H (33) 2.0 andlater
Function 44H (68) Subfunctions 04H and05H
IOCTL: Receive Control Data from Block Device; Send Control Data to Block
Device

Function 44H Subfunctions 04H and 05H respectively receive and send controlstrings
from and to a block-oriented device driver.

To Call

AH = 44H

AL = 04H receive block-device data

05H send block-device data

BL = drive number(0 = default drive, 1 = drive A, 2 = drive B, and so on)
CX = numberofbytesto transfer
DS:DX = segment:offset of data buffer

Returns

If functionis successful:

Carry flag is clear.

AX = numberofbytes transferred

If AL was 04H oncall:

Buffer at DS:DX contains control data read from device driver.

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid function

05H access denied

06H invalid handle

0ODH invalid data (bad controlstring)
Programmer’s Notes

® Subfunctions 04H and 05H provide a means of transferring control information of any
type or length between an application program and a block-device driver. They do
notnecessarily result in any input to or output from the physical deviceitself.

@ Controlstrings can be used to request driver operationsthat are notfile oriented, such
as tape rewindor disk eject Gif hardware supported). The contents of such control
strings are specific to individual device drivers and do not follow any standard format.
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Interrupt 21H Function 44H Subfunctions 04H and 05H

@ Subfunction 04H can be usedto obtain a code from thedriver indicating device avail-
ability or status. Block devices that might use this subfunction include magnetic tape
or tape cassette, CD ROM,and Small Computer Standard Interface (SCSI) devices.

@ Block-device drivers are not required to support IOCTL Subfunctions 04H and 05H.If
the driver does not support these subfunctions, error code 01H (Invalid Function) is
returned.

@=Function 59H (Get Extended Error Information) provides further information on any
error —in particular, the code, class, recommended corrective action, and locus of
the error.

Related Functions

44H Subfunction 00H (Get Device Data)

44H Subfunction 02H (Receive Control Data from Character Device)

44H Subfunction 03H (Send Control Data to Character Device)

Example
SOS GSI SIG IOIIGIIGGI ROI ai iGiak soiaiscr sok ack i gion doidedcdeiisdcdok kkk ake:

; Function 44H, Subfunctions 04H,05H: ~ ;
; IOCTL Block Device Control ;
; ,

; int ioctl_block_ctrl (recvflag,drive_ltr,pbuffer,nbytes) i
; . int recvflag; ?
; int driveltr; ;
; char *pbuffer; ;

; int  nbytes; of

; Set recvflag = 0 to receive info, 1 to send. ;

; Returns -1 for error, otherwise returns number of ;
; bytes sent or received. ;

7Ee oe ie oe eea oe ee oe oe eR ee oe oc oe oe ie Re eS oe oe ie ee oie eee Ce ae oe ob aie aka ok aK ok ok ok

cProc ioctl_block_etrl, PUBLIC, <ds>
parmB recvElag
parmB drive_ltr
parmDP pbuffer
parmw nbytes
cBegin

mov al,recvflag ; Get recvflag.
and al,1 . + Keep only lsb.
add al,4 ; AL = 04H for receive, O5H for send.
mov bl,drive_ltr + Get drive letter.
or bl,bl 7 Leave 0 alone.
jz ibe
and bl,not 20h 7 Convert letter to uppercase.
sub bl,'A't~1 7 Convert to drive number: ‘A’ = 1,

; 'B' = 2, etc.

(more)
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Interrupt 21H Function 44H Subfunctions 04H and 05H 

ibe:

mov cx, nbytes ; Get number of bytes to receive/send.
loadpp ds,dx,pbuffer ; Get pointer to buffer.
mov ah, 44h 7 Set function code.
int 21h ¢ Call MS-DOS.

jnc ibcx } Branch if no error.
mov ax,-1 7 Return -1 for all errors.

ibex:
cEnd
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Interrupt 21H Function 44H Subfunctions 06H and 07H

Interrupt 21H (33) 2.0 andlater
Function 44H (68) Subfunctions 06H and 07H
IOCTL: Check Input Status; Check Output Status

Function 44H Subfunctions 06H and 07H respectively determine whether a device orfile
associated with a handle is ready for input or output. —

To Call

AH = 44H

AL =06H get input status
07H get output status

BX = handle number

Returns

If function is successful:

Carry flag is clear.

AL = input or outputstatus:
00H not ready
FFH ready

If function is not successful:

Carryflagisset.

AX = errorcode:

01H invalid function

05H access denied

06H invalid handle

0DH invalid data (bad control string)

Programmer’s Notes

@ Thestatus returned in AL has the following meanings:

Status Device InputFile OutputFile

00H Not ready Pointer at EOF Ready
OFFH Ready Ready Ready
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OLYMPUSEX.1010 - 1339/1582



OLYMPUS EX. 1010 - 1340/1582

Interrupt 21H Function 44H Subfunctions 06H and 07H 

® Outputfiles always return a ready condition, even if the disk is full or no diskis in the
drive.

® Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recomniendedcorrective action, and locus of
the error.

Related Functions

None

Example
fA A AEe Re RE ee AS i ACE AS GeEaooi OR oRoRKK >

; Function 44H,
; IOCTL Input/Output Status ;
i i

; int ioctl_char_status (outputflag, handle) ;
; int outputflag;
;. int handle;

i Set outputflag = 0 for input status, 1 for output status.

; Returns -}

; and 1 for ready.

7 A eeeee eRe oe ee ke Ra ee soit fe 9 fe oe oR fe fe ee eae a ae oe ao oe oe oe a oo ookoo

eProc doectl_char_status, PUBLIC
parmB output flag
parmwW handle
cBegin

mov al,outputflag ;
and al,1 i
add al,6 ;

;

mov bx, handle 3
mov ah, 44h ;
int 21h :
jnec isnoerr ;
mov ax,-1 :
jmp short isx

isnoerr:

and ax,1 ;
isx:
cEnd

1330 The MS-DOS Encyclopedia

Subfunctions 06H,07H: ;

f

for all errors, 0 for not ready, é
?

; Return error code.

Get outputflag.
Keep only Ilsb.
AL = 06H for input status, 07H for output
status.
Get handle.
Set function code,

Call MS-pos.
Branch if no error.

Keep only lsb for return value.  
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Interrupt 21H Function 44H Subfunction 08H

Interrupt 21H (33) 3.0 and later
Function 44H (68) Subfunction08H
IOCTL: Check If Block Device Is Removable

Function 44H Subfunction 08H checks whetherthe specified block device contains a
removable storage medium,such as a floppy disk.

To Call

AH = 44H

AL =08H

BL = drive number(0 = default drive, 1 = drive A, 2 = drive B, and so on)

Returns

If function is successful:

Carry flag is clear.

AX =00H storage medium removable
01H storage medium not removable

If function is not successful:

Carryflagis set.

AX =error code:

01H invalid function
OFH invalid drive

Programmer’s Notes

@=This subfunction exists to allow an application to check for a removable disk so that
the user can be promptedto changedisks if a requiredfile is not found.

® Whenthecarry flag is set, error code 01H normally means that MS-DOSdid not recog-
nize the function call. However, this error can also mean that the device driver does
not support Subfunction 08H. In this case, MS-DOS assumesthat the storage medium
is not removable.

@ Function 59H (Get Extended Error Information) provides further information on any
error— in particular, the code,class, recommendedcorrective action, and locus of
the error.

Related Functions

None
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Interrupt 21H Function 44H Subfunction 08H 

.
,

Example
JSCIIISICIOCIOI GIG IOC ICI ICI OG ICE ICR CI II ICA HGR A i 2
i

? Function 44H, Subfunction 08H:
; IOCTL Removable Block Device Query
i

; int ioctl_block_fixed (drive_ltr)
i int drive_ltr;

; Returns -1 for all errors, 1 if disk is fixed (not
; removable), 0 if disk is not fixed.

HR a oe oe ke ee oe ae oe oie ee ee oe oh oe oe eae ok oe ok oe oe ooo oie ee oe oe ae oe oe oo Boke ote ek oR 8 ok ke >

cProc ioctl_block_fixed, PUBLIC
parmB drive_ltr
cBegin .

mov bl, drive_ltr ; Get drive letter.
or bl,bl ; Leave 0 alone.

jz ibch
and bl,not 20h + Convert letter to uppercase.
sub bl, 'A'-1 + Convert to drive number: 'A' = 1,

; 'B' = 2, etc,
ibch:

mov ax,4408h 7 Set function code, Subfunction 08H.
int 2th 7 Call MS-DOS.

jnec ibchx ; Branch if no error, AX = 0 or 1.
cmp ax,1 ; Treat error code of 1 as "disk is

; fixed."

je ibchx
mov ax,-1 7 Return -1 for other errors.

ibchx:
cEnd
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Interrupt 21H Function 44H Subfunction 09H=

Interrupt 21H (33) 3.1 and later
Function 44H (68) Subfunction 09H
IOCTL: Check If Block Device Is Remote

Function 44H Subfunction 09H checks whetherthe specified block deviceis local

(attached to the computer running the program) or remote(redirected to a network
server).

To Call

AH = 44H

AL =09H

BL = drive number(0 = default drive, 1 = drive A, 2 = drive B, and so on)

Returns

If function is successful:

Carry flag is clear.

DX = device attribute word:

bit12=1 drive is remote

bit 12 =0 driveis local

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid function

OFH invalid drive

Programmer’sNotes

® This subfunction should be avoided. Application programs should not distinguish be-
tweenfiles on local and remote devices.

® Whenthe carry flag is set, error code 01H can meaneither that the function numberis
invalid or that the network has not beenstarted.

® Function 59H (Get Extended Error Information) provides further information on any
error — in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

None
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Interrupt 21H Function 44H Subfunction 09H 

Example

ORC ROR ROCIO SOR HO ACR RR OR ACR CCAR OS ACR RC CR a a a dC CAC

; Function 44H, Subfunction O9H: ;

: IOCTL Remote Block Device Query ;
i i

; int ioctl_block_redir (drive_ltr) ;
; int drive_ltyr; ‘ i
; i

; Returns -1 for all errors, 1 if disk is remote ;
; (redirected), 0 if disk is local. ;
, ?
foie ee ae oe RR eee oe OE eo te ie oR eo oe oR oe aE eooaie ok oo ok ok oRok

cProc ioctl_block_redir, PUBLIC

parmB drive_ltr
cBegin

mov bl, drive_ltr + Get drive letter.
or bl,bl : ; Leave 0 alone.
4z ibr
and bl,not 20h # Convert letter to uppercase.
sub bl, 'A'-1 7 Convert to drive number: 'A' = 1,

7; 'B' = 2, etc. ‘
ibr:

mov ax, 4409h 3; Set function code, Subfunction 09H.
int 21h ; Call MS-DOS.
mov ax,~1 ; Assume error.
je ibrx ; Branch if error, returning -1.
inc ax 7 Set AX = 0.
test dh, 10h ; Is bit 12 set?
jz ibrx ; If not, disk is local: Return 0.
inc ax ; Return 1 for remote disk.

ibrx:
cEnd
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Interrupt 21H Function 44H Subfunction 0AH

Interrupt 21H (33) 3.1 and later
Function 44H (68) Subfunction 0AH

IOCTL: Check If Handle Is Remote

Function 44H Subfunction OAH checks whether the handle in BX referstoafile or device

that is local (on the computer running the program) or remote (redirected to a network
server).

To Call

AH = 44H —
AL =0AH _
BX = handle

Returns

If function is successful:

Carry flag is clear.

DX = attribute wordfor file or device:

bit15=1 remote

bit 15 =0 local

If function is not successful:

Carryflag is set.

AX = error code:

01H invalid function

06H invalid handle

Programmer’s Notes

@ Application programs should not distinguish between files on local and remote
devices.

® Whenthe carry flag is set, error code 01H can meaneither that the function numberis
invalid or that the network has not beenstarted.

Related Functions

None
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Interrupt 21H Function 44H Subfunction 0AH

Example

1336

feoe fe oe Re eo a SR ae oe Ae Ae eo ie eee eae ie oRa ak ak eae ofa a aR eR ee iea
:

Seeoe
‘ aint handle;

;
;
i

7 Re oeASRekeRokokAoaoeaRS aR aie ea ak ep

eProc joctl_char_redir, PUBLIC
parmw handle
ecBegin

mov bx, handle
mov ax, 440ah
int 21h
mov ax,-1
jc icrx
ine ax

test dh, 80h
jz icrx

inc ax

ior:
cEnd

The MS-DOSEncyclopedia

 

Function 44H, Subfunction OAH:

IOCTL Remote Handle Query

int ioctl_char_redir (handle)

Returns -1 for all errors, 1 if device/file is remote ;
(redirected), 0 if it is local. i

::

Meeee

;

Get handle.

Set function code, Subfunction OAH.
Call MS-DOS.
Assume error.

Branch on error, returning ~1,
Set AX = 0.
Is bit 15 set?
If not, device/file is local:
Return 0.
Return 1 for remote.  
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Interrupt 21H Function 44H Subfunction 0BH

Interrupt 21H (33)
Function 44H (68) Subfunction 0BH
IOCTL: ChangeSharing Retry Count

3.1 andlater

Function 44H Subfunction OBH sets the numberof times MS-DOSretries a disk operation
after a failure caused bya file-sharing violation beforeit returns an errorto the requesting
process.

To Call

AH = 44H
AL =0BH

CX = pause betweenretries
DX = numberof retries

Returns

If function is successful:

Carryflag is clear.

If function is not successful:

. Carryflag is set.

AX = error code:

' 01H invalid function

Programmer’s Notes

@ The pause betweenretries is a machine-dependentvalue determined by the CPU
and CPU clock speed. MS-DOSperformsa delay loop that consists of 65,536 machine
instructions for each iteration specified by the value in CX. The actual code is as
follows:

xor Cx, Cx

loop $ ,

The default numberof retries is 3, with a pause of oneloop betweenretries —
equivalentto calling this subfunction with DX = 3 and CX = 1.

® Whenthecarryflag is set, error code 01H indicates either that the function codeis in-
valid or that file sharing (SHARE.EXE)is not loaded.

@ Subfunction OBH can beused to tunethe system if file-contention problemsare likely
to arise with sharedfiles but are expected tolast only a short while.

@=Iffile contention is expected andif some applications will lock regionsofthefile for
an appreciable period oftime, the user may need to be informed. The best procedure
is to set an initial small numberof retries with a short pause period. After notifying
the user, the application can wait a reasonable amountoftimeforfile access by adjust-
ing the retry or pause-period values..
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Interrupt 21H Function 44H Subfunction OBH 

the error.

Related Functions

None

Example

i

; IOCTL

; int num_retries;
; int wait_time;

eProc loctl_set_retry, PUBLIC, <ds, si>
parmwW num_retries
parmwW waittime
cBegin

mov dx,num_retries ; Get parameters.
mov cx, wait_time
mov ax, 440bh ;
int 21h 7 Call MS-DOS,
je isrx t
xor ax,ax

isrx:
cEnd

1338 The MS-DOS Encyclopedia

®@ Ifa process uses this subfunction,it should restore the original default values for the
pause and numberofretries before terminating, to avoid unwantedeffects on the
behavior of subsequentprocesses.

@ Function 59H (Get Extended Error Information) provides further information on any
error— in particular, the code,class, recommendedcorrective action, and locus of

ACR He Re fe AR RRRe EA fe aARRARRRR aR RR AE KK
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t

Function 44H, Subfunction OBH: i
i

int ioctl_set_retry (num_retries, wait_time) ;

Returns 0 for success, otherwise returns error code.

Change Sharing Retry Count
. i

i
'
?
i
t

Set function code, Subfunction OBH.

Branch on error.  
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Interrupt 21H Function 44H Subfunction 0CH

Interrupt 21H (33) 32
Function 44H (68) Subfunction 0CH
IOCTL: Generic I/O Control for Handles

Function 44H Subfunction OCHsets or gets the outputiteration count for character-
oriented devices. See also AppeNDrx A: MS-DOSVersion3.3.

To Call

AH = 44H

AL = 0CH

BX = handle

CH = category code:
05H printer

CL = function (minor) code:
45H set iteration count

65H get iteration count
DS:DX = segment:offset of 2-byte buffer receiving or containing iteration-count word

Returns

If function is successful:

Carry flagis clear.

If CL was 65H oncall:

DS:DX = segment:offset of iteration-count word

If function is not successful:

-. Carryflagis set.

AX . =error code:

01H invalid function

06H invalid handle

Programmer’s Notes

® Theiteration count controls the numberof times the device drivertries to send output
to the printer before assuming thatthe deviceis busy.

@ With MS-DOSversion 3.2, only category code 05H (printer) is supported by this
subfunction.

® Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions
None
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Interrupt 21H Function 44H Subfunction 0CH 

Example
GOO AGO ACSC IGOR IOC AG CI IOIOIGIOI ACR ICII GAGA GaGa: AC HOR a ocak a aCe ak ic ata
; i

; Function 44H, Subfunction OCH: , ;
Generic IOCTL for Handles ;

int ioctl_char_generic (handle, category,function,pbuffer) ;
; int handle; i.

; int category; , ;
; int function; i
; int *pbuffer; ;
; . ;
i Returns 0 for success, otherwise returns error code. ;
? : ;
feBRRRe ke ke RReeEeA REkee2eo ee eeee 2k ak >

cProc ioctl_uchar_generic, PUBLIC, <ds>
parmwW handle
parmB category
parmB function
parmDP pbuffer
cBegin .

mov bx, handle ; Get device handle.
mov ch, category ; Get category
mov cl,function ; and function.
loadDP ds,dx,pbuffer ; Get pointer to data buffer.
mov ax, 440ch i; Set function code, Subfunction OCH.
int 21h ; Call MS-DOS.

je icgx ; Branch on error.
xor ax, ax

icgx:
cEnd
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Interrupt 21H Function 44H Subfunction 0DH

Interrupt 21H (33) | 3.2
Function 44H (68) Subfunction 0ODH
IOCTL: Generic I/O Control for Block Devices

Function 44H Subfunction 0DH includessix input/outputtasks, or minorfunctions, related
to block-oriented devices. The tasks perform the following operations: set or get device
parameters; write, read, format and verify, or verify tracks onalogical drive.

This entry covers general information on Subfunction ODH. Details on each minor code
are presented in subsequententries.

To Call

AH = 44H
AL = 0DH

BL = drive number (0 = default drive, 1 = drive A, 2 = drive B, and so on)
CH = category code:

08H disk drive

CL = function (minor) code:

40H set parameters for block device
41H write track on logical drive
42H format andverify track on logical drive
60H get parameters for block device
61H read track onlogical drive
62H verify track onlogical drive

DS:DX = segment:offset of parameter block

Returns

If function is successful:

Carryflagis clear.

If CL was 60H or 61H oncall:

DS:DX = segment:offset of parameter block

If function is not successful:

Carryflagis set.

AX = error code:

01H invalid function

02H invalid drive

Programmer’s Notes

®@ Set Device Parameters (minor code 40H) must be used before an attemptto write,
read, format, or verify a track on a logical drive. In general, the following sequence
applies to any of these operations:
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Interrupt 21H Function 44H Subfunction 0DH 

oAwhe
Related Functions

None

Example

Get the current parameters (minor code 60H). Examine and save them.
Set the new paraineters (minor code 40H).
Perform thetask.

Retrieve the original parameters and restore them (minor code 40H).
e With version 3.2 of MS-DOS,only category code 08H is supported by this subfunction.
@ Parameter blocks in the data buffer vary with the task being performed.

RE oe Re oe Re Re oe eee Se eee ok RR eo ke ei kok ee ak ke ie ake oe fe eke ike aah ok cake a a ok 2

; Function-44H, Subfunction QDH:

;

Generic IOCTL for Block Devices

; int ioctl_block_generic(drv_ltr, category, func, pbuffer)
int drv_ltr;

int category;
int func;

char *pbuffer;

FOR oe de Se ee eae oe ae aR fe ae He oe ae ae fe ae aha fe oe a aa ae oe ode ake ake aoe ok fe de ae oe ake ae ake ake eae ake ak ok de ae ake

; Returns 0 for success, otherwise returns error code. ;

cProc ioctl_block_generic, PUBLIC, <ds>
parmB drv_ltr
parmB category
parmB func
parmDP pbuffer
cBegin

mov bl,drv_ltr ; Get drive letter.
or bl,bl ; Leave 0 alone.
jz ibg
and bl,not 20h ; Convert letter to uppercase.
sub bl, 'A'-1 ; Convert to drive number: 'A' = 1,

'B' = 2, etc.
ibgq:

mov ch, category ; Get category
mov cl, func ; and function.

loadDP ds,dx,pbuffer ; Get pointer to data buffer.
mov ax, 440dh ; Set function code, Subfunction ODH.
int 2th ; Call MS-DOS.

je ibgx ; Branch on error.
xor ax, ax

ibgx:
cEnd
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Interrupt 21H Function 44H Subfunction 0DH Minor Code 40H

Interrupt 21H (33)
Function 44H (68) Subfunction 0DH
Minor Code 40H

IOCTL: Generic I/O Control for Block Devices: Set Device Parameters

Function 44H Subfunction 0DH minor code 40H sets device parameters in the parameter
block pointed to by DS:DX.

To Call

AH = 44H

AL = 0DH

BL = drive number(0 = default drive, 1 = drive A, 2 = drive B, and so on)
CH = category code:

08H disk drive

CL = 40H
DS:DX = segment:offset of parameter block

Returns

If function is successful:

Carryflagis clear.

If function is not successful:

CarryFlagis set.

AX = error code:

01H invalid function

02H invalid drive

Programmer’s Notes

@ The parameter block is formatted as follows:

Special-functions field: offset00H, length 1 byte

Bit Value Meaning

0 0 Device BIOS parameter block (BPB)field contains a new
default BPB.

1 Use current BPB.
1 0 Useall fields in parameter block.

1 Use track layoutfield only.

(more)
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Interrupt 21H Function 44H Subfunction 0DH Minor Code 40H  

Special-functionsfield: offset 00H, length 1 byte (continued)

Bit Value Meaning

2 0 Sectors in track may be different sizes. (This setting should not
be used.)

1 Sectors in track are all same size; sector numbers range from 1
to the total numberofsectorsin the track. (This setting
should always be used.)

3-7 0 Reserved.

Device typefield: offset 01H, length 1 byte 

Value Meaning

00H 320/360 KB 5.25-inch disk
01H 1.2 MB 5.25-inch disk

02H 720 KB 3.5-inch disk

03H Single-density 8-inch disk
04H Double-density 8-inch disk
05H Fixed disk

06H Tape drive
07H Othertype of block device

Device attributes field: offset 02H, length 1 word

Bit Value Meaning

0 0 Removable storage medium
1 Nonremovable storage medium

1 0 Doorlock not supported
1 Doorlock supported

2-15 0 Reserved

Numberofcylinders field: offset 04H, length 1 word

Meaning: Maximum numberof cylinders supported; set by device driverx

Mediatype field: offset 06H, length 1 byte

Value Meaning

OOH (default) 1.2 MB 5.25-inch disk
01H 320/360 KB 5.25-inch disk
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Interrupt 21H Function 44H Subfunction 0DH Minor Code 40H

 

Device BPBfield: offset 07H, length 31 bytes. 

Meaning: See Programmer’s Note below. 

If bit 0 = 0 in special-functionsfield, this field contains the new default BPB for the
device.

If bit 0 = 1 in special-functionsfield, BPB in this field is returned by the device driver
in response to subsequent Build BPB requests.

Track layout field: offset 26H, variable-length table

Length Meaning

Word Numberof sectors in track
Word Numberoffirst sector in track*

Word Size offirst sector in track*

Word Numberoflast sector in track

Word Size of last sector in track

*Sector numberandsectorsize fields are repeated for each sector on the track.If bit 2 of the
special-functionsfield is set, all sector sizes in the track layoutfield must be the same.

The device BPBfield is a 31-byte data structure. Information contained in the device
BPBfield describes the current disk and disk control areas. The device BPBfieldis

formatted as follows:

Byte Meaning

00-01H Numberof bytes per sector
02H Numberof sectors per allocation unit
03-04H Numberof sectors reserved, beginning at sector 0
05H Numberoffile allocation tables (FATs)

06-07H Maximum numberof root-directory entries
08-09H Total numberofsectors

OAH Media descriptor
OB-0CH Numberof sectors per FAT
OD-0OEH Numberof sectors per track
OF-10H Numberof heads

11-14H Numberofhidden sectors

15-1FH Reserved
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Interrupt 21H Function 44H Subfunction 0DH Minor Code 40H  

@ WhenSet Device Parameters (minor code 40H)is used, the numberofcylinders
should not be reset — someorall of the volume may becomeinaccessible.

@ Subfunction ODH minor code 60H performs the complementary action, Get Device
Parameters.

® Function 59H (Get Extended Error Information) provides further information on any
error —in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

None

Example
None
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Interrupt 21H Function 44H Subfunction 0DH Minor Code 60H

Interrupt 21H (33)
Function 44H (68) Subfunction 0DH
Minor Code 60H

IOCTL: Generic I/O Control for Block Devices: Get Device Parameters

Function 44H Subfunction ODH minor code 60H gets device parameters in the parameter
block pointed to by DS:DX.

To Call

AH = 44H

AL _ =0DH :

BL = drive number (0 = default drive, 1 = drive A, 2 = drive B, and so on)
CH = category code:

08H disk drive

CL = 60H

DS:DX = segment:offset of parameter block

Returns

If function is successful:

Carry flag is clear.

If function is not successful:

Carryflagis set.

AX = error code:

_ 01H invalid function
02H invalid drive

Programmer’s Notes

@ The parameter block is formatted as follows:

Special-functions field: offset 00H, length 1 byte

 Bit Value Meaning

0 0 Returns default BIOS parameter block CBPB)for the device.
1 Returns BPBthat the Build BPB device driver call would

return.

1-7 0 Reserved (must be zero).
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Interrupt 21H Function 44H Subfunction ODH Minor Code 60H

Device type field: offset 01H, length 1 byte

Value Meaning

00H 320/360 KB 5.25-inch disk
01H 1.2 MB 5.25-inch disk

02H 720 KB 3.5-inch disk

03H Single-density 8-inch disk
04H Double-density 8-inch disk
05H Fixed disk

06H Tape drive
07H Othertype of block device

Device attributes field: offset 02H, length 1 word

Bit Value Meaning

0 0 Removable storage medium
1 Nonremovable storage medium ,

1 0 Doorlock not supported
1 Doorlock supported

2-15 0 Reserved

Number ofcylinders field: offset 04H, length 1 word 

Meaning: Maximum numberof cylinders supported; set by device driver

Media typefield: offset 06H, length 1 byte 

Value Meaning

00H (default) 1.2 MB 5.25-inch disk
01H 320/360 KB 5.25-inch disk

Device BPB field: offset 07H, length 31 bytes

Meaning: See Programmer’s Note below.

If bit O = 0 in special-functionsfield, this field contains the new default BPBfor the
device.

If bit 0 = 1 in special-functions field, BPB in this field is returned by the device driver
in response to subsequent Build BPB requests.
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Interrupt 21H Function 44H Subfunction 0DH Minor Code 60H

Track layoutfield: offset 26H 

Unused 

@ The device BPBfield is a 31-byte data structure. Information contained in the device
BPBfield describes the current disk and disk control areas. The device BPBfield is
formatted as follows:

Byte Meaning 

00-01H

02H

03-04H
05H

06-07H

08-—09H
OAH

0B-—0CH

0D—-OEH

OF-—10H

11-14H

15-1FH

Numberof bytes per sector
Numberofsectors per allocation unit
Numberof sectors reserved, beginning at sector 0
Numberoffile allocation tables CFATs)

Maximum numberof root-directory entries
Total numberof sectors

Media descriptor
Numberof sectors per FAT
Numberofsectors per track
Numberofheads

Numberofhidden sectors

Reserved

®@  Subfunction ODH minor code 40H performs the complementary action, Set Device
Parameters.

@ Function 59H (Get Extended Error Information) provides further information on any
error-—in particular, the code, class, recommended corrective action, and locus of
the error.

Related Functions

None

Example
None
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Interrupt 21H Function 44H Subfunction 0DH Minor Codes 41H and 61H

Interrupt 21H (33)
Function 44H (68) Subfunction 0DH
Minor Codes 41H and 61H /

IOCTL: Generic I/O Control for Block Devices: Write Track on Logical Drive;
Read Track on Logical Drive

Function 44H Subfunction ODH minor code 41H writes a track onthe logical drive speci-
fied in BL and minor code 61H reads a track on the logical drive specified in BL, using in-
formation in the parameter block pointed to by DS:DX.

To Call

AH = 44H

AL = 0DH

BL = drive number(0 = default drive, 1 = drive A, 2 = drive B, and so on)
CH = category code:

08H disk drive

CL = function (minor) code:
41H write a track

61H read a track

DS:DX = segment:offset of parameter block

Returns

If function is successful:

Carryflagis clear.

If function is not successful:

Carry flagis set.

AX = error code:

01H invalid function

02H invalid drive
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Interrupt 21H Function 44H Subfunction ODH Minor Codes 41H and 61H

Programmer’s Notes

® The parameter blockis formatted as follows:

 Offset Size Meaning

00H Byte Special-functions field; must be 0.
01H Word Headfield; contains numberof disk head used for read/write.
03H Word Cylinder field; contains numberof disk cylinder used for read/

write. ‘

05H Word First-sector field; contains numberoffirst sector to read or
write (first sector on track = sector 0),

1 07H Word Number-of-sectors field; contains numberof sectors to
transfer.

09H Dword Transfer addressfield; contains address of buffer to use for
data transfer.

| ® Function 59H (Get Extended Error Information) provides further information on any
error— in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

None

Example
None 
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Interrupt 21H Function 44H Subfunction 0DH Minor Codes 42H and 62H

Interrupt 21H (33)
Function 44H (68) Subfunction 0DH
Minor Codes 42H and 62H

IOCTL: Generic I/O Control for Block Devices: Format and Verify Track on
Logical Drive; Verify Track on Logical Drive

Function 44H Subfunction ODH minor code 42H formats and verifies a track on the speci-
fied logical drive and minor code 62Hverifies a track on the specified logical drive, using
information in the parameter block pointed to by DS:DX.

To Call

AH = 44H
AL = 0DH

BL = drive number(0 = default drive, 1 = drive A, 2 = drive B, and so on)
CH = category code:

08H disk drive

CL = function (minor) code:

42H format and verify
62H verify

DS:DX = segment:offset of parameter block

Returns

If function is successful:

Carry flag is clear.

If function is not successful:

Carryflagis set.

AX = error code:

01H invalid function
02H invalid drive

Programmer’s Notes

® The parameter block is formatted as follows:

Offset Size Meaning

00H Byte Special-functionsfield; must be 0.
01H Word Headfield; contains numberof disk head used for format/

verify.
03H Word Cylinderfield; contains numberof cylinder used for format/

verify.
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Interrupt 21H Function 44H Subfunction 0DH Minor Codes 42H and 62H

@=This driver subfunction allows the writing of generic formatting programsthat are
' minimally hardware dependent.

© Function 59H (Get ExtendedError Information) providesfurther information on any
error —in part
the error.

Related Functions

None

Example
None

icular, the code, class, recommendedcorrective action, and locus of
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Interrupt 21H Function 44H Subfunctions 0EH and 0FH 

Interrupt 21H (33) 32
Function 44H (68) Subfunctions OEH and 0OFH
IOCTL: Get Logical Drive Map; Set Logical Drive Map

Function 44H Subfunction OEH allows a process to determine whether more than one logi-
cal drive is assigned to a block device. Subfunction OFHsets the next logical drive number
that will be used to reference a block device.

To Call

AH = 44H

AL =O0EH - get logical drive map
OFH set logical drive map

BL = drive number (0 = default drive, 1 = drive A, 2 = drive B, and so on)

Returns

If function is successful:

Carry flagis clear.

AL = mappingcode:
00H only oneletter assigned to the block device
01-1AH logical drive letter (A through Z) mappedto block device

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid function

OFH invalid drive

Programmer’sNotes

® Ifadrive has not been assigned a logical mapping with Function 44H Subfunction
OFH,the logical and physical drive references are the same. (The default is that logical
drive A and physical drive A both refer to physical drive A.)

@ If this function is used to maplogical drives to physical drives, the result is similar to
MS-DO$’s treatment of a single physical drive as both A and B ona system with one
floppy-disk drive. With MS-DOSversion 3.2, however, the installable device driver
DRIVER.SYS extendsthis type of physical/logical referencing to other drives. There-
fore, processes can promptfor disks themselves, instead of using the prompt provided
by MS-DOS.

@ Function 59H (Get Extended Error Information) provides further information on any
error— in particular, the code, class, recommended corrective action, and locus of
the error.
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Interrupt 21H Function 44H Subfunctions 0EH and 0OFH 

Related Functions

None

Example

eProc

parmB
parmB
cBegin

ido:

FRRABS OE 2ARARRAAC RAREEOR RR ok aK

MeNeete

;
?

Function 44H, Subfunctions OEH, OFH:
IOCTL Get/Set Logical Drive Map

int ioctl_drive_owner (setflag, drv_ltr)
int setflag;
int drviltr;

Set setflag = 1 to change drive’s map, 0 to get
current map.

Returns -1 for all errors, otherwise returns
the block device’s current logical drive letter.

,

FE RR aR A Ro as af AR A SR ARR ReaR He ees ee a a oe RAS OR OR OR oO KH

loctl_drive_owner, PUBLIC
setfilag
arviltr

mov

and
add
mov
or

jz
and
sub

mov
mov

int
mov

jnc
Mov

add

al,setflag ? Load setflag.
al,1 ; Keep only lsb.
al, Q0eh ; AL = OEH for get, OFH for set.
kl,drv_ltr } Get drive letter.
bl,bl ; Leave 0 alone:
ido

bl,not 20h ; Convert letter to uppercase.
bl, 'At-1 7 Convert to drive number: 'A' = 1,

7; 'B' = 2, ete.

bh,0
ah, 44h 7 Set function code.
2th + Call MS-DOS.
ah,0 7 Clear high byte.
idox ; Branch if no error.
ax,;~1-'A' ; Return -1 for errors.

ax, 'A' ; Return drive letter.
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Interrupt 21H Function 45H

Interrupt 21H (33) 2.0 andlater
Function 45H (69)
Duplicate File Handle

Function 45H obtains an additional handle for a currently open file or device.

To Call

AH = 45H

BX = handle for openfile or device

Returns

If function is successful:

Carryflagis clear.

AX = new handle number

If function is not successful: !

Carry flag is set.

AX = error code:

04H too many openfiles
06H invalid handle

Programmer’s Notes

@=Thefile pointer for the new handle is set to the same position as the pointer for the
original handle. Any subsequent changesto thefile are reflected in both handles.
Thus, using either handle for a read or write operation movesthefile pointer associ-
ated with both.

® Function 45H is often used to duplicate the handle assigned to standard input (0) or
standard output (1) before a call to Function 46H (Force Duplicate File Handle). The
handle forced by Function 46H can then be usedfor redirected input or output from
or toafile or device.

@ Another use for Function 45H is to keep a file open while its directory entry is being
updatedto reflect a change in length. Ifa new handle is obtained with Function 45H
and then closed with Function 3EH (CloseFile), the directory and FAT entries for the
file are updated. At the sametime, because the original handle remains open,thefile
need not be reopenedfor additional read or write operations.

@ Function 59H (Get Extended Error Information) provides further information on any
error — in particular, the code, class, recommendedcorrective action, and locus of
the error.
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Related Function

46H (Force Duplicate File Handle)

Example

cProc

parmw
cBegin

dup_ok:
cEnd

Interrupt 21H Function 45H

FAeeeke eR AC RE A Ae OR OR A oR ee 2K ee oe oR ROR RR KORO RK
i

Meeee
Function 45H: Duplicate File Handle

int dup_handle (handle)
int handle;

Returns -1 for errors,
otherwise returns new handle. ,

;

ORO OIGCGRCGROIGRGGGA RGR TOR fof oR ROR dom 7

dup_handle, PUBLIC
handle

mov
mov
int

jnb
mov

bx, handle
ah, 45h
2th

dup_ok
ax,-1

Get handle to copy.
Set function code.

Ask MS-DOS to duplicate handle.
Branch if copy was successful.
Else return -1.
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Interrupt 21H Function 46H

Interrupt 21H (33) 2.0 andlater
Function 46H (70)
Force Duplicate File Handle

To Call

Returns

Programmer’s Notes

1358

Function 46H forces the open handle specified in CX to track the samefile or device speci-
fied by the handle in BX.

AH = 46H

BX = open handleto be duplicated :
CX = open handleto be forced

If function is successful:

Carry flag is clear.

If functionis not successful:

Carryflagis set.

AX = error code:

04H too many openfiles
06H invalid handle

@ The handle in BX mustrefer either to an openfile or to any of the five standard han-
dles reserved by MS-DOS:standard input, standard output, standard error, standard
auxiliary, or standard printer.

® Ifthe handle in CX refers to an openfile, the file is closed.
®@ Thefile pointer for the duplicate handle is set to the same position as the pointer for

the original handle. Changing the position ofeither file pointer moves the pointer
associated with the other handle as well.

® When used with Function 45H (Duplicate File Handle), Function 46H can be used to |
redirect input and outputas follows: |

|
1. Duplicate the handle from which input or output will be redirected with Func-

tion 45H (Duplicate File Handle). Save the duplicated handlefor later reference |
(Step 3).

2. Call Function 46H, with the handle to be redirected from in the CX register and
the handle to be redirected to in the BX register.

3. To restore J/O redirectiontoits original state, call Function 46H again, with the
redirectedfile handle from Step 2 in the CX register and the duplicated file han- |
dle from Step 1 in the BX register.
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| 45H

‘Example 
Interrupt 21H Function 46H

This procedure is normally used to redirect a standard device,butit can redirect any
device referenced by handles.

Function 59H (Get Extended Error Information) provides further information on any
error— inparticular, the code, class, recommendedcorrective action, and locus of
the error.

Related Function

(Duplicate File Handle)

JIGS GUTOR GIGI GIICO ICICI GGG I AGICA HGR ACI ICICI IOI a AGH ACE oe dak

; Function 46H: Force Duplicate File Handle i

; int dup_handle2 (existhandle, newhandle) ;
} int existhandle,newhandle; ;
? ,

i Returns -1 for errors, ;
? otherwise returns newhandle unchanged. ;

9 FRA ie a ae ee ee eRe Ge oi HeoeOR oe 8 RA AROORR ROR OR RRR

cProc dup_handle2, PUBLIC
parmW existhandle
parmwW newhandle
cBegin

mov bx,existhandle ; Get handle of existing file.
mov cx,newhandle ; Get handle to copy into.
mov ah,46h i; Close handle CX and then
int 2th } duplicate BX’s handle into CX.
mov ax,newhandle ;} Prepare return value.
jnb dup2_ok ;} Branch if close/copy was successful.
mov ax,-1 ; Else return -1.

dup2_ok:
cEnd
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Interrupt 21H (33) 2.0 and later
Function 47H (71)
Get Current Directory

Function 47H returns the path, excluding the drive and leading backslash, of the current
directory for the specified drive.

To Call

AH = 47H

DL = drive number(0 = default drive, 1 = drive A, 2 = drive B, and so on)
Ds:SI = segment:offset of 64-byte buffer

Returns

If function is successful:

Carryflagis clear.

Bufferis filled in with ASCIIZ pathname.

If function is not successful:

Carry flagis set.
AX = error code:

OFH invalid drive

Programmer’s Notes

@ Thestring representing the pathnameis returned as a null-terminated ASCIIstring
(ASCIIZ).

® This function does not return an errorif the buffer is too small or is incorrectly iden-
tified. MS-DOS pathnamescan be aslong as 64 characters;if the buffer is less than 64
bytes, MS-DOScan overwrite sections of memory outside the buffer.

@ The path returned by Function 47H starts at the root directory and fully specifies the
path to the current directory but does not include a drive code or a leading backslash
(\) character.

® Function 59H (Get Extended Error Information) provides further information on any
error —in particular, the code, class, recommended corrective action, and locus of
the error.

Related Function

| 3BH (Change Current Directory)
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Interrupt 21H Function 47H 7

Example

FIARITRRRRORROIARek ck OR KK;

i : Function 47H: Get Current Directory

int get_dir (drive_ltr,pbuffer)
int drive_ltr;
char *pbuffer;Neeoe

; Returns -1 for bad drive,

; otherwise returns pointer to pbuffer.
i 7
FHA ee A ACR RR RRA A Re ACCeRRRAOR OR OR AC OK ek

cProc get_dir, PUBLIC, <ds, si>
parmB drive_ltr
parmDP pbuffer
cBegin

loadDP ds,si,pbuffer 7 Get pointer to buffer.
mov dl,drive_ltr + Get drive number.
or di,dl ; Leave 0 alone.
jz gdir
and dl,not 20h 7 Convert letter to uppercase
sub dl, 'A'-1 ; Convert to drive number: 'A’ = 1,

7 'B' = 2, etc.
gdir:

mov ah, 47h ; Set function code.
int 21h ; Call MS-DOS.
mov ax,si ; Return pointer to buffer
jnb gd_ok
mov ax,-1 7; ... unless an error occurred.

gdLok:
cEnd
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Interrupt 21H Function 48H

Interrupt 21H (33) . 2.0 andlater
Function 48H (72)
Allocate Memory Block

Function 48H allocates a block of memory, in paragraphs(1 paragraph = 16 bytes), to the
requesting process.

To Call

AH = 48H

BX = numberof paragraphsto allocate

Returns

If function is successful:

Carry flag is clear.

AX = segment address ofbaseofallocated block j
If function is not successful:

Carryflag is set.

AX = error code:
07H memory control blocks damaged
08H insufficient memory to allocate as requested

BX = size oflargest available block (paragraphs)

Programmer’s Notes

® Ifthe allocation succeeds, the address returned in AX is the segmentof the base of the
block. This address would be copied to a segmentregister (usually DS or ES) to access
the memory within the block.

®@ Ifthe amount of memory requested is greater than the amountin any available con-
tiguous block of memory, the numberof paragraphsin the largest available memory
block is returned in the BX register.

® The default memory-managementstrategy in MS-DOSis to choose the first con-
tiguous block of memorythat fits the request, no matter how goodthe fit. With MS-
DOSversions3.0 and later, however, the memory-managementstrategy can be altered
with Function 58H (Get/Set Allocation Strategy).

® fa processactively allocates and frees blocks of memory, the transient program area
(TPA) can becomefragmented —that is, small blocks of memory can be orphaned
because the memory-managementstrategy seeks contiguous blocks of memory.

® Ifa process writes to memory outside the limits of the allocated block, it can destroy
control structures for other memory blocks. This could result in failure of subsequent
memory-managementfunctions, anditwill cause MS-DOStoprint an error message
and halt when the process terminates.
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processor byits children.

Interrupt 21H Function 48H

© Initially, the MS-DOSloaderallocatesall available memory to .COM programs. Func-
tion 4AH (Resize Memory Block) can free memory for dynamic reallocation bya

e Function 59H (Get Extended Error Information) provides further information on any
error — in particular, the code, class, recommended corrective action, and locus of

 Example

cProc

parmw
parmDP
parmDP

upte
cBegin

gbuerr:
cEnd

the error.

Related Functions

49H (Free Memory Block)
4AH (Resize Memory Block)
58H (Get/Set Allocation Strategy)

JOSSIOIIHG IG IGGIGRIICR IC IGG CRI ICRCIC R A RA IRR»

; Function 48H: Allocate Memory Block

; int get_block (nparas, pblocksegp, pmaxparas) ;
; int nparas, *pblockseg, *pmaxparas;

? Returns 0 if nparas are allocated OK and ;
? pblockseg has segment address of block, ;
i otherwise returns error code with pmaxparas

; , set to maximum block size available. ;i ;

faeaRaeke eo Ree eeee aaaOeke ORR oR ROK kK

get_block, PUBLIC,ds
nparas

pblockseg
pmaxparas

mov bx,nparas ; Get size request.
mov ah, 48h ; Set function code.
int 21h ; Ask MS-DOS for memory.

mov cx,bx } Save BX.
loadDP ds,bx,pmaxparas
mov {bx],cx ; Return result, assuming failure.
jb gb_err ; Exit if error, leaving error code

; in AX.
loadDP ds,bx,pblockseg
mov [bx] ,ax ; No error, so store address of block.
xor ax,ax ; Return 0.
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Interrupt 21H Function 49H

Interrupt 21H (33) 2.0 andlater
Function 49H (73)
Free Memory Block

Function 49H releases a block of memory previously allocated with Function 48H (Allo-
cate Memory Block).

To Call

AH = 49H

ES =segment address of memory block to release

Returns

If function is successful:

Carry flag is clear.

If function is not successful:

Carry flag is set.

AX = error code:

07H memory control blocks damaged
09H incorrect memory segmentspecified

Programmer’s Notes

@ The memory segment pointed to by ES:0000H must have been allocated by Function
48H (Allocate Memory Block).

@ Ifa program has inadvertently damaged any of the system’s memory control blocks
by writing outside an allocated block, an attemptto free allocated memoryresults in
error code 07H (memory control blocks damaged).

® Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

48H (Allocate Memory Block)
4AH (Resize Memory Block)
58H (Get/Set Allocation Strategy)
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Example

cProc

parmwW
cBegin

fb_err:
cEnd

Interrupt 21H Function 49H

9RCA SE AaACAEeReeoORK OO OK kok

Function 49H: Free Memory Block

int free_block (blockseg)
int blockseg; ;

Returns 0 if block freed OK, ;
otherwise returns error code. ;

;

OR Ree He ae ae ade le fe fe ae ie ae fee ae ae ae ae ae ae ae ak ke ee oie fe fe ic fe oe oe ak fe Be oe Re oe os oe oe ate oe a oe ea ake fe ee He

free_blo

bliockseg

mov
mov

int

jb
xor

ck, PUBLIC

es, blockseg
ah, 49h
21h
fb_err
aXx,ax

; Get block address.
; Set function code.

; Ask MS-DOS to free memory.
} Branch on,error.
; Return 0 if successful.
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Interrupt 21H Function 4AH

Interrupt 21H (33) 2.0 and later
Function 4AH (74)

Resize Memory Block

Function 4AH adjusts the size of a previously allocated block of memory.

To Call

AH = 4AH

BX = new size of memoryblock,in paragraphs
ES = segment address of previously allocated memory block

Returns

If function is successful:

Carryflag is clear.

If function is not successful: ,

Carryflagis set.

AX = error code:

07H memory contro! blocks damaged
08H insufficient memory to allocate as requested
09H incorrect memory segment specified

BX = maximum numberof paragraphsavailable Cif an increase was requested)

Programmer’s Notes

® Function 4AH can be used to changethe size of a memory block previously allocated
with Function 48H (Allocate Memory Block) or to modify the amount of memory
originally allocated to a process by MS-DOS.

® Ifa process is denied an increase in the amount of memoryit has been allocated, MS-
DOSplacesthesize of the largest contiguous block available in the BX register. The
process can then notify the user of the problem andexit, or it can continue to operate
in a reduced memory environment. .

@ Because the MS-DOSloaderallocates all available memory to .COM programs, sucha
program should use Function 4AH immediately (with the segment addressofits pro-
gram segmentprefix, or PSP) to release any memorythat is not needed. This is man-
datory if the .COM program will either allocate memory dynamically or use Function
4BH (Load and Execute Program)to load a child process or overlay.

In addition,ifFunction 4AH is used to adjust the amount of memoryallocated to a
.COM program,the stack pointer must be adjusted sothatit is within the limits of the
program’s revised memoryallocation.
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Interrupt 21H Function 4AH

® If this function is used to shrink an allocated block, any memory above the-new limit
is not ownedbythe process and should neverbe used.If this function is used to ex-
pand an allocated block, the contents of memory abovethe old boundary are unpre-
dictable and the memory should beinitialized before use.

@ Althoughitis not possible to predict how much memory-resident software and how
many installable device drivers will be used on a computer system, Function 4AH can
reliably determine the amount of memoryavailable to an application.

@ Function 59H (Get Extended Error Information) provides further information on any
error —in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

48H (Allocate Memory Block)
49H (Free Memory Block)
58H (Get/Set Allocation Strategy)

Example
FR oe ae ae ee oie oe oe ke RK ak ak os oe oe oe oR fe eo oR eke oe oe ee oe oe ie oe ofeach os oe oe ok ot oe oe oi oR ie ok oe ok Me >

: Function 4AH: Resize Memory Block ;

; int modify—block (nparas, blockseg, pmaxparas) ;
; int nparas,blockseg, *pmaxparas; ;

; . Returns 0 if modification was a success, ;
; otherwise returns error code with pmaxparas i
; .set to max number of paragraphs available. ?

BRC A A eo ee eo he oR oe oo eRoRRe OB OR aRO OB KR OR OR OR RK AO

cProc modify_block, PUBLIC,ds
parmwW nparas
parmw blockseg
parmDP pmaxparas
cBegin

mov es,blockseg 7 Get block address.
mov bx, nparas ; Get nparas.
mov ah, 4ah ; Set function code.
int 2ih + Ask MS-DOS to change block size.
mov cx, bx 7; Save BX.
loadDP ds,bx,pmaxparas
mov (bx],cx ; Set pmaxparas, assuming failure.

jb mb_exit ; Branch if size change error.
xor ax,ax ; Return 0 if successful.

mb_exit:
cEnd
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Interrupt 21H (33) 2.0 and later
Function 4BH (75)
Load and Execute Program (EXEC)

Function 4BH,often called EXEC,loads a program file into memory and, optionally, ex-
ecutes the program. This function can also be usedto load a program overlay.

To Call

AH = 4BH

AL = 00H load and execute program
03H load overlay

DS:DX = segment:offset ofASCIIZ pathname foran executable program file
ES:BX = segmentioffset of parameter block

Returns

If function is successful:

Carry flag is clear.

With MS-DOSversions2.x, all registers except CS and IP can be destroyed; with MS-DOS
versions3.x, registers are preserved.

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid function (AL did not contain 00H or 03H)
02H file not found

03H path not found
05H access denied

08H insufficient memory
OAH bad environment

OBH bad format (AL = 00H only)

Programmer’s Notes

® The pathname must be a null-terminated ASCII string (ASCIIZ).
® The handles for any files opened by the parent process before the call to Function

4BHare inherited by the child process, unless the parent specified otherwisein call-
ing Function 3DH (OpenFile with Handle).

All standard devices also remain open andavailable to the child process. Thus, the
parent process can controlthefiles used by the child process and controlredirection
for the child process.
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Interrupt 21H Function 4BH

If AL = 00H,the parameter blockis 14 bytes long and formattedin four parts, as
follows:

 

Offset Length Meaning

00H Word Segment address of environmentto be passed; 00H indi-
cates child program inherits environmentof the current
process.

02H Dword Segment:offset address of commandtail for the new pro-
gram segment prefix (PSP). Commandtail must be 128
bytes or fewer and formatted as a count byte followed by
an ASCII string and terminated by a carriage return, as
follows:

db 7, 'aimydoc', 0Dh

Thecarriage return is not included in the count; the
commandtail is placed at offset 80H in the new
process’s PSP.

06H Dword Segment:offset address of an FCB to be copied to the
default FCB position at offset 5CH in the new process's
PSP.

OAH #Dword Segment:offset address of an FCB to be copied to the
default FCB position at offset 6CH in the new process's
PSP.

If AL = 03H, the parameterblock is 4 bytes long and formatted in twoparts, as
follows:

Offset Length Meaning

00H Word Segment address where the overlay is to be loaded.
02H Word Relocation factor to be applied to the code image (EXE

files only); not neededif the file isa .COM program oris
data.

Thefirst 2 bytes of the parameter block for Function 4BH Subfunction 00H contain
either the segment address for an environmentblockto be passed to the new process
or zero.If the value is zero, the child process inherits an exact copy of the parent
process’s environment.

The environment block must be aligned on a paragraph boundary (a multiple of 16
bytes). It can be aslarge as 32 KB,andit consists of a block of ASCHZ strings, each in
the following form:
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parameter=value

For example:

db 'VERIFY=ON', 0

Thefinalstring in the environmentblockis followed by a second zero byte. With
MS-DOSversions3.0 and later, the second zerois followed by a word containing a
count and an ASCIIZ string containing the drive and pathnameofthe program file.

The environment passedto the child process allows the parent processto sendit mes-
sages regarding the system state or control parameters. The pathnameincluded with
MS-DOSversions 3.0 andlater enables the child process to determine whereitwas
loaded from.

® If AL= 00H, MS-DOScreates a PSP for the new process and sets the terminate and
Control-C addresses to the instruction in the parent process that followsthecall to
Function 4BH.IfAL = 03H, no PSPis created.

@ Before AL = 00H is usedto load and execute a process, the system must contain
enoughfree memory to accommodate the new process. Function 4AH (Resize Mem-
ory Block) should be used, if necessary, to reduce the amount of memoryallocated to
the parent process. If the parent is a .COM program, allocated memory must be
reduced, because a .COM program is given ownershipofall available memory when
it is executed.

If Function 4BHis called with AL = 03H,free memoryis not a factor, because MS-DOS
assumes the new processis being loadedinto the calling process's own address space.

® If Function 4BH is called with AL = 00H,the child process remains in control untilit
executes an exit request, such as Function 4CH (Terminate Process with Return
Code), or until Control-C or Control-Break is received ora critical error occurs and the
user responds Abort to the Abort, Retry, Ignore? message.

@ With MS-DOSversions 2.x, SS and SP must be saved in the current code segment
before Function 4BH is invoked with AL = 00H. When the parent process regains con-
trol, all registers other than CS.IP andthe stack will mostlikely have been changed by
loading and executing the child process.

@ Function 4BH with AL = 03H is useful for loading program overlays orfor loading data
to be used by the parent processCif that data requires relocation).

®@ Ifthe child process that is executed attempts to remain resident througheitherInter-
rupt 27H or Interrupt 21H Function 31H (Terminate and Stay Resident), system mem-
ory becomes permanently fragmented and subsequentprocessescanfail because of
lack of memory.

® The EXEC function with AL = 00H) is commonly usedto load a new copy of
COMMAND.COMand then execute an MS-DOS commandfrom within another

program.

@ Function 59H (Get Extended Error Information) provides further information on any
error — in particular, the code, class, recommended corrective action, and locus of
the error.
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Interrupt 21H Function 4BH

Related Functions

31H (Terminate and Stay Resident)
4CH (Terminate Process with Return Code)
4DH (Get Return Code of Child Process)

Examples

sBegin
Scmdlen
$comd

Sficb

Sepb

sEnd

sBegin

$sp
$ss

Assumes

cProc

parmDP
parmDP
cBegin

JCIGIGIICICIOIG ICIGGIG GIG AGIGIG IK AG:

Function 4BH: Load and Execute Program i

; int execute (pprogname, pcemdtail) ;
char *pprogname, *pemdtail; ;

; Returns 0 if program loaded, ran, and
terminated successfully, otherwise returns

; error code.
,

Oe A ae oe eRe oe oO ot ie eRe ok Ae An a oR RB oeeoeBee oe ok oe eo oR OB OR RR RK >

data
= 126

db Somdlen+2 dup (?) ; Make space for command line, plus
7 2 extra bytes for length and
} carriage return.

db 0 ; Make dummy FCB.
db ‘dummy fcb'
db 0,9,0,0

: Here’s the EXEC parameter block:
dw 0 ; O means inherit environment.
dw dataOFFSET $cmd ; Pointer to omd line.

dw seg dgroup
dw dataOFFSET $fcb ; Pointer to FCB #1.
aw seg dgroup
dw dataOFFSET $fcb ; Pointer to FCB #2.
dw seg dgroup
data ,
code

dw ? + Allocate space in code seg
dw ? ; for saving SS and SP,

ES, dgroup

execute, PUBLIC, <ds,si,di>
pprogname
pemdtail

mov ex, $cmdlen ; Allow command line this long.
loadDP ds,si,pomdtail ; DS:SI = pointer to cmdtail string.

(more)
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mov ax,seg dgroup: $cmd ; Set ES = data segment.
mov es, ax

mov di,dataOFFSET $cmd+i ; ES:DI = pointer to 2nd byte of
+ our command-line buffer.

copyemd:
lodsb ; Get next character.
or al,al 7 Found end of command tail?

jz endcopy 7; Exit loop if so.
stosb + Copy to command buffer.
loop copycmd

endcopy:
mov al,13
stosb ; Store carriage return at

; end of command.

neg el
add cl, $cmdlen ; CL = length of command tail.
mov es:$cemd,cl ; Store length in command-tail buffer. .

loadDP ds,dx,pprogname ; DS:DX = pointer to program name.
bx,dataOFFSET Sepb ; ES:BX = pointer to parametermov

mov
mov
mov

int

cli
mov
mov
sti

jb
xor

ex_err:
cEnd
sEnd code

7 AA ERR AE ee FR eReRRReeRAROR ROKK
’

~e

7, block.

cs:$ss,ss ; Save current stack SS:SP (because
cs:$sp,sp ; EXEC function destroys stack).
ax, 4b00h ; Set function code.
21h ?} Ask MS-DOS to load and execute

} program,

; Disable interrupts.
ss,cs:$ss ; Restore stack.
sp,cs:$sp

; Enable interrupts.
ex_err ; Branch on error.
ax,ax ; Return 0 if no error.

Function 4BH: Load an Overlay Program

int load_over lay (pfilename, loadseg)
char *pfilename;
int loadseg;

Returns 0 if program has been loaded OK,
otherwise returns error code.

To call an overlay function after it has been
loaded by load_overlay(), you can use
a far indirect call:
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sBegin

Slob

sEnd

sBegin

eProc

parmDP
parmwW
cBegin

~

NeoNe

dw
dw
data

code

FTYPE (far *ovlptr) ();

Interrupt 21H Function 4BH

s
1.

2. *((unsigned *)&ovlptr + 1) = loadseg; ;
3. *((unsigned *)&ovlptr) = offset; ;

4, (*ovlptr) (argl,arg2,arg3,...}7 ;

Line 1 declares a far pointer to a ;
function with return type FTYPE. ;

Line 2 stores loadseg into the segment ;
portion (high word) of the far pointer. ;

Line'3 stores offset into the offset ;

portion (low word) of the far pointer. ;

Line 4 does a far call to offset ;

bytes into the segment loadseg ;
passing the arguments listed. ;

To return correctly,
return instruction.

keyword "far",

:
;
’

the overlay must end with a far ;
If the overlay is ;

written in Microsoft C, this can be done by
declaring the overlay function with the

MeNe
26 ee he ee Oe Ae Se Ce oie oe fe ie ee eo IC Ae ie Ok Re AC oe a eos oka ie ob oo ko deo fe oko oko oR

The overlay parameter block:
space for load segment;
space for fixup segment.

load_overlay, PUBLIC, <ds,si,di>
pfil
load

load
mov
mov
mov

mov
mov
mov

mov
mov
mov

int
cli

ename

seg

DP ds,dx,pfilename ; DS:DX = pointer to program name.
ax,seg dgroup:$lob ; Set ES = data segment.
es,ax

bx, dataOFFSET Slob ; ES:BX = pointer to parameter

ax, loadseg
es: ([bx],ax
es: [bx+2],ax

cs:$s8ss,ss
cs:$sp,sp
ax, 4b03h
2ih

7; block.
Get load segment parameter.
Set both the load and fixup
segments to that segment.

Save current stack SS:SP (because

EXEC function destroys stack).
Set function code.

Ask MS-DOS to load the overlay.
Disable interrupts.

(more)
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mov ss,cs:$ss ; Restore stack.
mov sp,cs:$sp i
sti + Enable interrupts.
jb lo_err + Branch on error.

Return 0 if no error.xor ax,;ax i
lowerr:
cEnd
sEnd code  
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Interrupt 21H (33) | | 2.0 and later
Function 4CH (76) |
Terminate Process with Return Code

Function 4CH terminates the current process with a return code andreturnscontrol to the
calling (parent) process.

To Call
AH = 4CH

AL = return code

Returns

Nothing

Programmer’s Notes

@ Whena process is terminated with Function 4CH, MS-DOSrestores the termination-
handler (Interrupt 22H), Control-C handler (Interrupt 23H), and critical error handler
(Interrupt 24H) addresses from the program segmentprefix, or PSP (offsets OAH,
OEH, and 12H). MS-DOSalso flushesthe file buffers to disk, updates the disk direc-
tory, closesall files with open handles belonging to the terminated process, and then
transfers control to the termination-handler address.

® Ontermination with Function 4CH, all memory ownedby the processis freed.
® Function 4CH is the recommended methodfor terminating all processes — par-

ticularly sizable .EXE files that do not stay resident. This function should be used in
preferenceto the other termination methods (Interrupt 20H,Interrupt 21H Function
00H,near RETfor .COMfiles, or a jump to PSP:0000H). Memory-resident programs
should be terminated with Function 31H (Terminate and Stay Resident).

e A return code of 00H is customarily used to indicate that the process executed suc-
cessfully; a nonzero return codeis usedto indicate that the process terminated
because of an error or lack of resources — for example, the file could not be opened, .
the process could notbe allocated sufficient memory, and so on.

®@ ifthe terminated process was invoked by a commandline or batch file, control
returns to COMMAND.COMandthetransient portion of the commandinterpreteris
reloaded,if necessary. If a batch file was in progress, execution continues with the
next line ofthe file and the return code can be tested with an IF ERRORLEVELstate-

ment. Otherwise, the command promptis issued.

If the terminated process was loaded by a process other than COMMAND.COM,the
parent process can retrieve the child’s return code with Function 4DH (Get Return
Code of Child Process).

® Inanetworking environment running under MS-DOSversion 3.1 orlater, all file locks
should be removedbythe process beforeit calls Function 4CH to terminate.
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Interrupt 21H Function 4CH

Related Functions

00H (Terminate Process)
31H (Terminate and Stay Resident)
4DH (Get Return Codeof Child Process)

Example

ECOG RII HORIOE SIGH SIORIRI IOI ISSA IOC III REIIIISRAR RIE

; Function 4CH: Terminate Process with Return Code ;
; ;
3° int terminate (returncode) ;
; int returncode; ;
; i
; Does NOT return at all! i,

AGGAOR CIO TUE SO AICI A EAR AAT AS ERR ARERR EES;

eProc terminate, PUBLIC

parmB returncode
cBegin

mov al, returncode ; Set return code. ,
mov ah, 4ch ; Set function code. .
int 21h ; Call MS-DOS to terminate process.

cEnd
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Interrupt 21H Function 4DH

Interrupt 21H (33) 2.0 and later
Function 4DH (77)
Get Return Code of Child Process

Function 4DH retrieves the return code of a child process that was invoked with Function
4BH (Load and Execute Program) and terminated with either Function 31H (Terminate
and Stay Resident) or Function 4CH (Terminate Process with Return Code).

To Call

AH =4DH

Returns

AH = termination method:

00H normal termination (Interrupt 20H,or Interrupt 21H Function 00H or
Function 4CH)

01H terminated by entry of Control-C
02H terminated by critical error handler (for example, user responded Abort to

Abort, Retry, Ignore? prompt)
03H terminated and stayed resident (Interrupt 27H or Interrupt 21H Function

31H)

AL = return code passed by child process

If terminated with Interrupt 20H, Interrupt 21H Function 00H,orInterrupt 27H:
AL =00H

Programmer’s Notes

@ Function 4DH can be used only onceto retrieve the returncodeof a terminated
process. Subsequentcalls do not yield meaningfulresults.

@ Function 4DH doesnotset the carry flag to indicate an error. If no previous child
process exists, the information returned in AH andALis undefined.

Related Functions

31H (Terminate and Stay Resident)
4CH (Terminate Process with Return Code)
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Example

1378

7a oe Re Re ReAREEoe eRieeR2 He OOaoR OB OK KF

; Function 4DH: Get Return Code of Child Process ;

int child_ret_code () ;
;

Returns the return code of the last ;

child process.

eProc child_ret_code, PUBLIC

cBegin
mov ah, 4dh
int 2th
cbw

cEnd

The MS-DOSEncyclopedia
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;

Set function code.
Ask MS-DOS to return code.
Convert AL to a word.  
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; Interrupt 21H Function 4EH—: —

Interrupt 21H (33) 2.0 and later
Function 4EH (78) :
FindFirst File .

Function 4EH searches the specified directory for the first matching entry.

To Call

AH = 4EH

CX = attribute word

DS:DX = segment:offset ofASCIIZ pathname

Returns

If function is successful:

Carry flagisclear.

Current disk transfer area (DTA) contains the following information aboutthefile:

Offset Length (bytes) Value

00H 21 Reserved for use by MS-DOSin subsequentcall to
Function 4FH (Find NextFile)

15H 1 File attribute

16H 2 Timeoflast write

18H 2 Date of last write

1AH 2 Low wordoffile size

1CH 2 High wordoffile size
1EH 13 Filename and extension in ASCIIZ form with blanks

removed and period inserted between filename and
extension

If function is not successful:

Carry flag is set.

AX = error code:

02H file not found

03H path not found
12H no morefiles; no match found

Programmer’s Notes

@ The pathname must be a null-terminated ASCII string (ASCIIZ).

Section V: System Calls 1379

OLYMPUSEX. 1010 - 1389/1582



OLYMPUS EX. 1010 - 1390/1582

Interrupt 21H Function 4EH

Related Functions

1380

@ Thefilename and extension portions of the pathname can contain the MS-DOS wild-
cards ? (match any character) and * (match all remaining characters).

@ The DTA should beset with Function 1AH (Set DTA Address) before Function 4EH is
called. Ifno DTA address is set, MS-DOSuses a default 128-byte buffer at offset 80H in
the program segmentprefix (PSP).

@ The attribute word in CX controls the search as follows:

— Ifthe attribute word is 00H, only normalfiles are included in the search.
— Ifthe attribute word has any combinationofbits 1, 2, and 4 (hidden, system, and

subdirectory bits) set, the search includes normalfiles as well as files with any of
the attributes specified.

— Ifthe attribute word hasbit 3 set (volume-labelbit), only a matching volumelabel
is returned.

— Bits 0 and 5 (read-only. and archivebits) are ignored by Function 4EH.
@=If Function 4FH (Find Next File) is used in conjunction with Function 4EH, the DTA

must be preserved, becausethefirst 21 bytes contain information needed by Function
4FH.

@ The time at whichthefile was last written is returned as a binary value ina word for-

 

matted asfollows:

f

Bits Meaning

0-4 Numberof seconds divided by 2
5-10 Minutes (0 through 59)
11-15 Hours, based on a 24-hour clock (0 through 23).

@ The date on which the file was last written is returned as a binary value in a word for-

 

matted as follows:

Bits Meaning

0-4 Day of the month
5-8 Month (1 = January, 2 = February, 3 = March, and so on)
9-15 Numberof the year minus 1980

® Function 4EHis preferred to Function 11H (FindFirst File) becauseit fully supports
pathnames.

® Function 59H (Get Extended Error Information ) provides further information on any

error— in particular, the code, class, recommendedcorrective action, and locus of
the error.

11H (FindFirst File)
12H (Find NextFile)

1AH (Set DTA Address)
4FH (Find NextFile)

The MS-DOS Encyclopedia

 
OLYMPUSEX.1010 - 1390/1582



OLYMPUS EX. 1010 - 1391/1582

Example

cProc

parmDP
parmW
cBegin

ff_err:
cEnd

Interrupt 21H Function 4EH 

FORORORCICR GROG RCC ICRC R CR RIC ICICI eeAOIaCCCC Ok oa a ok aR a cdc aa’

; . Function 4EH: Find First File ;
; ;

; int find_first (ppathname, attr) ;
; char *ppathname; ;
i int attr; ;

? Returns 0 if a match was found, , ;
; otherwise returns error code. ;7

BRReEeORORRAoko aaa

findfirst, PUBLIC,ds
ppathname
attr

loadDrF ds,dx,ppathname
mov ex,attr
mov ah, 4eh
int 21h

jb _ f£fLerr
xor ax, ax

Get pointer to pathname.
Get search attributes.
Set function code.
Ask MS-DOS to look for a match.
Branch on error.
Return 0 if no error.
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Interrupt 21H (33) 2.0 and later
Function 4FH (79)
Find Next File

Function 4FH continues a search initiated by a previously successfulcall to Function 4EH
(Find First File). The search is based on the pathnameandattributes specifiedin the call to
Function 4EH and uses informationleft in the current disk transfer area (DTA) bythe call
to Function 4EH or by a precedingcall to Function 4FH.

To Call

AH = 4FH

DTA contains information from prior search with Function 4EH or Function 4FH.

Returns

If function is successful: ;

Carryflag is clear.

DTAis filled in as for a call to Function 4EH:

Offset Length (bytes) Value

00H 21 Reserved for use by MS-DOSin subsequentcall to
Function 4FH

15H 1 File attribute
16H 2 Timeoflast write
18H 2 Date oflast write

1AH 2 Low wordoffile size

1CH 2 High wordoffile size
1EH 13 Filename and extension in ASCIIZ form with blanks

removed and period inserted between filename and
extension

If function is not successful:

Carry flagis set.

AX = error code: . -
12H no more files, no match found, or no previous call to Function 4EH
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Programmer’s Notes

@=if multiple calls to Function 4FH are used to find more than one matchingfile, the
DTAsetting (Function 1AH) and contents must be preserved. because they provide in-
formation neededfor continuing the search.

@ The time at which thefile waslast written is returned as a binary value in a word for-

 

mattedasfollows:

Bits Meaning .

0-4 Numberof seconds divided by 2
5-10 Minutes (0 through 59)
11-15 Hours, based on a 24-hour clock (0 through 23).

@ The date on whichthefile was last written is returned as a binary value in a wordfor-
matted as follows:

Bits Meaning

0-4 Day of the month
5-8 Month (1 = January, 2 = February, 3 = March, and so on)

Numberof the year minus 1980

® Function 4FH is preferred to Function 12H (Find NextFile) becauseit fully supports
pathnames.

® Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

11H (FindFirst File)

12H (Find NextFile)
1AH Get DTA Address)

4FH (FindFirst File)

Example

7 FR ARi oe ee ee ee ae ie fe ee ea 2 eee ee eee eeeeoe oe eoa de oe ak oR
?

i
;
i:
;
,
3
? FOOIOCICICI ROR GIGI IOI ICI ICIC ICICI ISIS I aR ici aa aie ak ak dea a

Function 4FH: Find Next File

int find_next ()

Returns 0 if a match was found,
otherwise returns error code. MeeMeN

(more)
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Interrupt 21H Function 4FH

cProc find_next, PUBLIC
cBegin

mov ah, 4fh ? Set function code.
int 21h ; Ask MS-DOS to look for the next

; matching file.
jb fneerr + Branch on error.
xor ax,ax ; Return 0 if no error.

fn_err: ,
cEnd
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Interrupt 21H (33) 2.0 and later
Function 54H (84)
GetVerify Flag

Function 54H returns the current value of the MS-DOSverifyflag.

To Call

AH = 54H

Returns

AL = verify flag:
00H verify off; no read after write operation
01H verify on; read after write operation

Programmer’s Notes

@ The default state of the verify flag is OOH (off).
@ Thestate of the verify flag can be changedeither throughacall to Function 2EH

(Set/Reset Verify Flag) or by the user with the VERIFY ON and VERIFY OFF
commands.

Related Function

Function 2EH (Set/Reset Verify Flag)

Example
ARR OR A og os Ree A eA eRe RO oe RR fee ode oe oe oe ee oe Re oie i Re oe oe eo oo oe oe oe RRRRi

: ?

; Function 54H: Get Verify Flag — ;
? f

; int getverify () ;
; i

; Returns current value of verify flag. ?
; r
;Ae oi ie ie ee eA a oe oe oe eS oe oe oR ee oR ee fe Hee Re oo A eo oho RK OR RR OR REE

eProc get—verify, PUBLIC
cBegin

mov ah, 54h ; Set function code.
int 2th + Read flag from MS-DOS.
cbw 3 Clear high byte of return value.

cEnd
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Interrupt 27H Function 56H

Interrupt 21H (33) 2.0 andlater
Function 56H (86)
RenameFile

Function 56H renamesa file and/or movesit to a new location in the hierarchical directory
structure.

To Call

AH = 56H

DS:DX = segment:offset of existing ASCIIZ pathnameforfile
ES:DI = segment:offset of new ASCIIZ pathnameforfile

Returns

If function is successful:

Carry flag is clear.

If function is not successful:

Carry flagis set.

AX = error code:

02H file not found

03H path not found
05H access denied
11H not the same device

Programmer’s Notes

@ The pathnames must be null-terminated ASCIIstrings CASCIIZ),
® The directory paths specified in DS:DX and ES:DI need not be identical. Thus, speci-

fying different directory paths effectively movesa file from one directory to another.
® Function 56H cannot be used to movea file to a different drive. Both the existing

pathnameand the new one musteither contain the same drive identifier or default to
the samedrive.

@ If Function 56H returns error code 05H, the cause can be anyofthe following:
— The new pathname would movethe file to the root directory, but the root directory

is full.

— A file with the new pathnamealreadyexists.
— The useris on a network and hasinsufficient accessto either the existing file or the

new subdirectory. 4
® Unlike Function 17H (RenameFile), Function 56H does not support the use of MS-

DOSwildcard characters (? and +).
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Interrupt 21H Function S6H

® Function 56H should not be used to rename openfiles. An openfile should be closed
’ with Function 10H (Close File with FCB) or 3EH (Close File) before Function 56H is

called to renameit. ,

®@ Function 59H (Get Extended Error Information) provides further information on any
error—in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Function

17H (RenameFile)

Example

cProc

parmDP
parmDP
cBegin

rn_err:
cEnd

OReeae

; Function 56H: Rename File

; int rename (poldpath, pnewpath)
; char *poldpath, *pnewpath;

; Returns 0 if file moved OK,
; otherwise returns error code.

FORGO IGOR IG ICG IOGIIIIGIOC CIO ICIGIOR ACR GICI ICI ICI ICA KOR a AG

rename, PUBLIC, <ds,di>
poldpath
pnewpath

loadDP es,di,pnewpath ; ES:DI = pointer to newpath.
loadDP ds,dx,poldpath ; DS:DX = pointer to oldpath.
mov ah,56h 7 Set function code.
int 2ihn + Ask MS-DOS to rename file.

jb rn_err * Branch on error.
xor ax, ax ; Return 0 if no error.

OLYMPUSEX.1010 - 1397/1582
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Interrupt 21H (33) 2.0 andlater
Function 57H (87)
Get/Set Date/Time ofFile

Function 57H retrieves orsets the date and timeofa file’s directory entry.

To Call

AH =57H

AL =00H get date and time
01H set date and time

BX = handle number

If AL = O1H:

CX = time; binary value formatted as follows:

Bits Meaning

0-4 Numberof seconds divided by 2
5-10 Minutes (0 through 59)
11-15 Hours, based on a 24-hour clock (0 through 23)

DX = date; binary value formatted asfollows:

Bits Meaning

0-4 Day of the month (1 through 31)
5-8 Month (1 = January, 2 = February, 3 = March, and so on)
9-15 Year minus 1980 .

Returns

If function is successful:

Carry flag is clear.

If AL was 00H oncall:

CX = time file was last modified; format as described above
DX = date file was last modified; format as described above

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid function (AL not 00H or 01H)
06H invalid handle
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Interrupt 21H Function 57H 

Programmer’s Notes

@ Before the date andtime inafile’s directory entry can be retrieved or changed with
Function 57H,a handle must be obtained by opening orcreating thefile using oneof
the followingfunctions:
— 3CH (Create File with Handle)

— 3DH (OpenFile with Handle)
— 5AH (Create Temporary File)
— 5BH (Create New File)

@ Use of Function 57Htoretrieve the date andtime ofa file is preferable to examining
the fields of an open FCBdirectly.

®@ Function 59H (Get Extended Error Information) provides further information on any
error —~in particular, the code, class, recommendedcorrective action, and locus of
the error.

Related Functions

2AH (Get Date)

2BH (et Date)

2CH (Get Time)

2DH (Set Time)

Example
RR ae eo oooa a A as ae Ae ochAa OB oo Oa be a aoeaa a oa oh a oRa’’

; Function 57H; Get/Set Date/Time of File
;

i long file_date_time (handle, func, packdate, packtime) i
int. handle, func, packdate, packtime; i;

;

; Returns a long -1 for all errors, otherwise packs
? date and time into a long integer,
;
i
;

date in high word, time in low word,
i

1K RoR AR RA TR RAeRA oeAeAaaARapK AOA a A A

eProc file_date_time, PUBLIC
parnwW handle
parmB func
parmW packdate
parmW packtime
eBegin

mov bx, handle ;} Get handle.
mov al, fune } Get function: 0 = read, 1 = write,
mov ds, packdate ; Gat date (1£ present).
mov ex, packtime ; Get time (1f present).
mov ah, 57h ; Set funetion cede,
int 2th } Call MS-DOS.

(more)
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Interrupt 21H Function 57H

Set DX:AX = date/time, assuming nomov ax,ox i
} error.

jnb dtiok ? Branch if no error,
mov ax,~1 ; Return -1 for errors.
cwd ; Extend the -1 inte DX.

dt_ok:
cEnd
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Interrupt 21H Function 58H

Interrupt 21H (33) ’ 3.0 and Jater
Function 58H (88)
Get/Set Allocation Strategy

Function 58H retrieves or sets the method MS-DOSusesto allocate memory blocksfor a
processthat issues a memory-allocationrequest.

To Call

AH = 58H

AL = 00H get allocation strategy
01H set allocation strategy

If AL = 01H:

BX = allocation strategy:
00H usefirst dowest available) block thatfits
01H use blockthat fits best

02H use last highest available) block thatfits

Returns

If function is successful:

Carry flagis clear.

If AL was 00H oncall:

AX = allocation-strategy code:
00H first fit

01H bestfit
02H lastfit

If function is not successful:

Carry flag is set.

AX = error code:

01H invalid function CAL not 00H or 01H)

Programmer’s Notes

@ Allocation strategies determine how MS-DOSfinds and allocates a block of memory
to an application that issues a memory-allocation request with either Function 48H
(Allocate Memory Block) or Function 44H (Resize Memory Block).

The three strategies are carried out as follows:
— Firstfit (the default): MS-DOS works upward from the lowestavailable block and

allocates thefirst block it encounters thatis large enoughto satisfy the requestfor
memory. This strategy is followed consistently, evenifthe block allocated is much
larger than required.
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