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A moment's thought will make it clear why automatic sizing of 
forward jumps with a single pass can't always generate optimal 
code. When Turbo Assembler reaches a conditional jump 
instruction that makes a forward reference, there's no way to 
know how far away that label is; after all, Turbo Assembler hasn't 
even encountered that label yet. With automatic jump-sizing 
enabled, Turbo Assembler would like to generate a conditional 
jump (a 2-byte instruction) if the destination is near enough to 
read directly, and a conditional jump around an unconditional 
jump (a 2-byte instruction followed by a 3-byte instruction) 
otherwise. Unfortunately, Turbo Assembler doesn't yet know 
whether a 2-byte instruction br a 5 ... byie pair of instructions is 
necessary when it encounters a conditiorial forward jump. 

�S�t�i�l�l�~� Turbo Assembler has to pick some siZe right away, in order to 
know where to assemble the following instructions. Consequent­
ly, Turbo Assembler ha.s no alternative but to make the safe choice 
and reserve 5 bytes for a coriditional/unconditional jump pair. 
Then, if Turbo Assembler later reaches the destination label and 
decides that a 2-byte instruction will do the trick, it will assemble 
a conditional jump, followed by three NOP instructions that fill 
out the 5 reserved bytes. 

Suppose Turbo Assembler is assembling the following: 

JUMPS 
jzDestLabel 
inc ax 

If JZ can't reach DestLabel directly, Turbo Assembler assembles 
the equivalent of the following: 

jnz $+5 
jrnp DestLabel 
inc ax 

;2 bytes long 
;3 bytes long 

If, on the other hand, JZ can reach DestLabel directly, Turbo 
Assembler assembles the following: 

jz DestLabel 
nop 
nop 
nop 

;2 bytes long 
;each nop is 1 byte long 
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NOJUMPS is always selected 
at the start of assembly,' if 

you want to use automatic 
jump-sizing, you must 

explicitly enable it with the 
JUMPS directive. 

inc ax 

The key here is that Turbo Assembler must take up 5 bytes for 
each automatically sized forward conditional jump, so three NOP 
instructions are inserted in automatically sized forward 
conditional jumps that can reach their destinations. Those three 
NOP instructions take up space and take time to execute (3 cycles 
each on an 8086). Consequently, you're best advised to use 
automatically sized forward conditional jumps sparingly, or else 
enable Turbo Assembler's multi-pass capability, whenever you're 
particularly sensitive to code size and performance issues. 

If you're writing a program containing high-performance code, 
you might want to enable automatic jump-sizing for noncritical 
sections of your program, but disable automatic jump-sizing in 
the key code sections. Alternatively, you might want to enable 
automatic jump-sizing for backward jumps but disable it for 
forward jumps. You can do this by pairing the JUMPS instruction 
with the NOJUMPS instruction, which turns off automatic jump­
sizing. 

For example, the following uses automatic jump-sizing for the 
backward jump, but not for the forward jump: 

LoopTop: 

lodsb 
cmp al,80h 
NOJUMPS 
jb SaveByteValue 
neg al 

SaveByteValue: 
stosb 

dec dx 
JUMPS 
jnz LoopTop 

Here, we've directly specified a 2-byte conditional jump for the 
forward jump to SaveByte Value, but let Turbo Assembler select the 
best code for the backward jump to LoopTop. 
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1111., In the last section, you saw an example of how forward 
conditional jumps can make Turbo Assembler generate less 
efficient code when automatic jump-sizing is enabled without 
performing multiple passes. The truth of the matter is that all 
sorts of forward references can cause problems for Turbo 
Assembler, so you should avoid forward references-that is, 
references to labels farther on in the code-whenever possible. 

Why? Well, as Turbo Assembler assembles a source module, it 
makes a single pass through the code, progressing steadily from 
the first line in the source module to the last. This means that 
Turbo Assembler assembles the first line in a module, then the 
second line, then the third line, and so on. While that may seem 
obvious, the implication of the order in which Turbo Assembler 
assembles lines may be less obvious: Turbo Assembler doesn't 
know anything about a line until it reaches it, and so forward 
references force Turbo Assembler to make assumptions, which 
might turn out to be incorrect. If those assumptions are indeed 
incorrect, Turbo Assembler might generate less than maximally 
efficient code. Even if Turbo Assembler can generate efficient 
code, it might be necessary to go back to earlier lines and make 
corrections, and so assembly might take more time than it 
otherwise would. 

Consider the following: 

jrnp DestLabel 

DestLabel: 

When Turbo Assembler encounters the line 

jrnp DestLabel 

it hasn't reached the definition of the label DestLabel yet; 
consequently, Turbo Assembler has no idea whether DestLabel is 
near or far, and, if it's near, whether it can be reached with a I-byte 
displacement or whether a full2-byte displacement is needed. 
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Consequently, Turbo Assembler needs to make an assumption 
about the nature of DestLabel in order to continue assembling. 

Turbo Assembler could assume that DestLabel is far and reserve 5 
bytes for a far JMP instruction; however, most jumps are 3-byte 
near jumps, and it would be a shame to waste 2 bytes on every 
forward-referenced near jump. At the opposite end of the 
spectrum, Turbo Assembler could assume DestLabel can be 
reached with a single-byte displacement and reserve just 2 bytes 
for a JMP SHORT instruction; the problem here is that many 
jumps are not short, and if Turbo Assembler reserved only 2 
bytes, an error would occur if the jump proved to be either near 
or far. 

As a compromise, Turbo Assembler assumes that all forward 
jumps are near, unless you specify otherwise with either the 
SHORT or the FAR PTR operator. Three bytes are always 
reserved for forward jumps. If a forward jump turns out to be far, 
an error results; you must always use FAR PTR to allow forward 
jumps to far labels to assemble. That's a bit of a nuisance, but if 
you forget the FAR PTR, Turbo Assembler will simply inform 
you that a data type override is required, and you can insert the 
required FA~ PTR operator and reassemble. 

If, on the other hand, a forward jump proves to be short, Turbo 
Assembler assembles a short jump, but inserts a NOP instruction 
to pad out the 3 bytes that were reserved for the jump, thereby 
wasting a byte. For example, Turbo Assembler assembles this: 

jrnp DestLabe'l 
DestLabel: 

into this: 

jrnp SHORT DestLabel 
nop 

DestLabel: 
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While the jump works perfectly well, and executes quickly, it is 
larger than it needs to be. Of course, you can use the SHORT 
operator to turn any forward-referenced jump into a true 2-byte 
instruction, but that's not as convenient as if Turbo Assembler 
:were able to ge~erate the appropriate jump automatically. 

It's important to understand that it's the forward reference that's 
the culprit here. If Turbo Assembler knew the distance to the 
destination label, the most efficient jump could be assembled. But 
with forward references, Turbo Assembler can't know the 
distance to the destination until it reaches it, and it can't reach the 
destination until it assembles the forward-referenced jump. Turbo 
Assembler resolves this dilemma by making a simplifying 
assumption that allows assembly to proceed, but at the possible 
cost of larger code than is necessary. 

1111" Whenever Turbo Assembler does know the type of a jump­
SHORT, NEAR, or FAR-the most efficient possible code can be 
generated. Consequently, it's a good idea to use the SHORT 
operator on short forward jumps (and, of course, FAR PTR is 
required for far forward jumps). 

Jumps aren't the only instructions that you should avoid using 
with forward referencesj forward references to data can easily 
generate inefficient code as well. Consider the following: 

.CODE 

mov bl,Value . . . 
Value EQU 1 

When Turbo Assembler reaches the MOV instruction, there's no 
way to know whether Value is an equated label or a memory 
variable. If Value is a memory variable, a 4-byte instruction will be 
required, while if Value is an equated label (one that's used as a 
constant), a 2-byte instruction will do the job. 

As usual, Turbo Assembler must assume the worst in order to 
continue assembling, so 4 bytes are reserved for the MOV 
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This is true even if you use a 
type override on forward 
references to that label. 

instruction. Then, when Value is reached and discovered to be an 
equated label rather than a memory variable, Turbo Assembler 
must go back to the MOV instruction and make it a 2-byte 
instruction with a constant operand, and must insert two NOP 
instructions to fill out the third and fourth bytes that were 
reserved. Note that none of this would have happened if Value 
had been defined before the MOV instruction, since Turbo 
Assembler would have known that Value wasn't a memory 
variable. 

In fact, backward references present none of the problems of 
forward references, since Turbo Assembler always knows 
everything there is to know about backward-referenced labels. As 
a result, Turbo Assembler always automatically assembles the 
most efficient possible code for instructions that involve only 
backward-referenced operands. This makes it highly desirable to 
avoid forward references whenever possible. 

You might wonder if the forward-referencing problems with calls 
are as severe as they are for jumps. The answer is no. Forward­
referenced far calls must have FAR PTR type overrides, since 
Turbo Assembler assumes forward calls are near. Since there is no 
such thing as a short call; inefficient code for calls is never 
generated. 

Many forward references result in an assembly error rather than 
inefficient code. For example, forward references to equated labels 
can't be assembled, and forward references to far labels can't be 
assembled without a type override. 

Even when Turbo Assembler can generate efficient code for 
forward references, assembly is slower than for backward 
references. This happens because whenever it encounters a label 
that has previously been forward-referenced, Turbo Assembler· 
must return to each instruction that performed a forward 
reference to that label and assemble it properly, now that the 
value and type of that label are known. 

The conclusion is clear: Avoid forward references in your code 
whenever possible, to let Turbo Assembler generate the best 
possible code as quickly as possible. If you force multiple passes 
to be performed by using the 1m command-line switch, optimal 
code will be genera ted, but the assembly process will take longer 
than it would have with a single pass. Put data definitions at the 
beginning of your source modules before the code that references 
them. When you can't avoid forward references, always use a 
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type override operator to let Turbo Assembler know exactly what 
type of label you're working with. 

Using repeat blocks and macros 

Repeat blocks 

362 

One of the things a computer does well is repetitive work. You 
might get bored with typing dozens of values for DB directives, or 
with entering slight variations on the same code over and over, 
but your computer will never tire of such work. Turbo Assembler 
provides repeat blocks and macros to free you from just that sort 
of monotonous work. 

A repeat block starts with the REPT directive and ends with the 
ENDM directive. The code within the repeat block is assembled 
the number of times specified by the operand to the REPT 
directive. For example, 

REPT 10 
OW 0 
ENOM 

generates the same code as 

ow 0 
ow 0 
ow 0 
ow 0 
ow 0 
ow 0 
ow 0 
ow 0 
ow 0 
ow . 0 

That doesn't seem earthshaking, particularly given that 

ow 10 OUP (0) 

does the same thing, but now let's combine repeat blocks and the 
= directive to make a table of the first ten integers: 
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IntVal 0 
REPT 10 
DW IntVal 

IntVal IntVa1+1 
ENDM 

This generates the equivalent of 

DW 0 
DW 1 
DW 2 
DW 3 
DW 
DW 5 
DW 6 
DW 
DW 8 
DW 9 

Try doing that with CUP! Better yet, if you want the first 100 
integers, all you need do is change the operand to REPT to 100; 
that's certainly a lot easier than typing 100 lines. 

One excellent application for REPT is in the generation of tables 
used for fast multiplication and division. For example, the 
following multiplies a number between 0 and 99 (stored in BX) by 
10-very rapidly-and places the result in AX . 

• DATA 
TableOfMultiplesOf10 LABEL WORD 
BaseVal 0 

REPT 100 
DW BaseVal 

BaseVal BaseVal+10 
ENDM 

• CODE 

shl bx,l iprepare for look up in 
; table of word-sized entries 

mov ax, [TableOfMultiplesOf10+bx] ;look up the result of 
; mUltiplication times 10 

Keep in mind that the text in a repeat block is simply assembled 
as many times as the operand to REPT dictates. There's no 
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Repeat blocks and 
variable parameters 

difference between executing a repeat block 10 times and making 
9 additional copies of the code in a repeat block and then 
assembling all 10 instances of the code. 

This means that any valid assembler code, including instructions, 
can be placed within a repeat block. For example, the following 
generates code to divide the 32-bit unsigned value in DX:AX by 
16: 

REPT 4 
shr dx,1 
rer ax,1 
ENDM 

Repeat blocks can be nested. For instance, the following generates 
10 NOP instructions: 

REPT 5 
REPT 2 
nop 
ENDM 
ENDM 

IRP and IRPC provide two means by which to provide a variable 
parameter to each pass of a repeat block. 

IRP substitutes the first entry in a list for a parameter on the first 
repetition of a repeat block, the second entry on the second 
repetition, and so on until the list is used up. For example, 

IRP PARM,<O,1,4,9,16,25> 
DB PARM 
ENDM 

generates 

DB 0 
DB 1 
DB 
DB 9 
DB 16 
DB 25 
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Macros 

IRPC is similar, save that it substitutes one character from a string 
on each repetition of a repeat block. The following code sets the 
zero flag if AL is equal to any of the characters in the string that's 
the second argument to IRPC: 

IRPC TEST_CHAR,azklg 
cmp al,'&TEST_CHAR&' 
jz EndCompare 
ENDM 

EndCompare: 

The last example uses the ampersand (&) to force evaluation of 
the repeat block parameter TEST _CHAR, even within quotes. The 
ampersand is a macro operator that works in a repeat block 
because repeat blocks are actually a type of macro. Other macro 
features, such as the LOCAL and EXITM directives, also work in 
repeat blocks. We'll discuss macros next. 

The basic operation of a macro is quite simple: You assign a name 
to a block of text, or a macro; then, when Turbo Assembler 
encounters that macro name later in your source code, the block 
of text associated with the name is assembled. You might think of 
the macro name being expanded into the full text of the macro; 
hence the term macro expansion is often used to describe the 
substitution of macro text for a macro name. 

A useful analogy is an include file. When Turbo Assembler 
encounters an INCLUDE directive, the text in the specified file is 
immediately assembled, just as if it were in the source module 
containing the I~CLUDE. If a second INCLUDE of the same file is 
encountered, Turbo Assembler assembles that text again. 

Macros are similar to include files in that the text, or body, of the 
macro is assembled each time the macro name is encountered. 
Macros are actually a great deal more flexible than include files, 
however, since they can optionally be passed parameters and can 
contain local labels. They are much faster than include files, since 
the text of a macro does not have to be read from disk. Let's take 
a look at basic macro operation. 

The following code uses the macro MULTIPLY_BY _4 to multiply 
the value in AX by 4, storing the result in DX:AX: 
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subroutines for minimum 

code size, and macros for 
speed and flexibility. 
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MULTIPLY BY 4 MACRO 
sub dx,dx 
shl ax,l 
rcl dx,l 
shl ax,l 
rcl dx, 1 
ENDM 

mov ax, [MemVar] 
MULTIPLY BY 4 
mov WORD PTR [Result],ax 
mov WORD PTR [Resultt2],dx 

When Turbo Assembler encounters MULTIPLY_BY _4, it 
assembles the four instructions that make up the body of that 
macro on the spot. It's almost as if a new instruction has been 
defined, MULTIPLY_BY _4, which you can use just as you use 
MOV and MUL. Of course, that new macro instruction consists of 
five 8086 instructions, but it's certainly easier to read the previous 
code with the macro than without. 

You could just as well have used a subroutine named MultiplyBy4 
instead of a macro in this example, as follows: 

MultiplyBy4 PROC 
sub dx,dx 
shl ax,l 
rcl dx,l 
shl ax,l 
rcl dx,l 
ret 

MultiplyBy4 ENDP 

mov ax, [MemVar] 
call MultiplyBy4 
mov WORD PTR [Result],ax 
mov WORD PTR [Resultt2],dx 

How do you choose between subroutines and macros? Well, 
you'll generally produce smaller code by using a subroutine, since 
with subroutines the code for a specific task is assembled only 
once, with calls to that code sprinkled throughout the program. 
However, you'll produce faster code with macros, since macros 
avoid the overhead of CALL and RET instructions. Moreover, a 
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single macro can be tailored to generate slightly different code for 
a number of similar tasks, while a subroutine can't. 

What sort of flexibility does a macro provide? Macro flexibility is 
limited only by your imagination, since macros can accept 
parameters and can contain conditional assembly directives. 
Macro parameters appear as operands to the MACRO directive. 
For example, V ALUE and LENGTH are parameters to the macro 
FILL_ARRAY, defined as follows: 

FILL ARRAY MACRO VALUE, LENGTH 
REPT LENGTH 
DB VALUE 
ENDM 
ENDM 

When a macro is invoked, parameters to the macro can be placed 
as operands to the macro invocation. For example, FILL_ARRAY 
could be invoked as 

ByteArray LABEL BYTE 
FILL ARRAY 2,9 

The parameters that appear in the macro invocation (2 and 9 in 
the previous code) are known as actual parameters. The parameters 
that appear in the macro definition (VALUE and LENGTH in the 
preceding code) are known as formal parameters. Each time a 
macro is· invoked, the formal parameters are set to the values of 
the corresponding actual parameters before the macro is 
expanded, so 

ByteArray LABEL BYTE 
FILL ARRAY 2,9 

causes the following code to assemble: 

ByteArray LABEL BYTE 
REPT 9 
DB 2 
ENDM 
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If such text isn't the name of 
a formal parameter, Turbo 

Assembler Ignores the 
ampersands. 
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The values of the actual parameters to a macro invocation are 
substituted for the formal parameters in the macro definition, so 
you can generate different macro code simply by changing the 
actual parameters used in a macro invocation. For instance, if you 
wanted to initialize ByteArray to be 8 bytes in length, initialized to 
OFFh, and ByteArray2 to be lOOh bytes long, initialized to 0, all 
you'd need would be 

ByteArray LABEL BYTE 
FILL_ARRAY Offh,S 

ByteArray2 LABEL BYTE 
FILL_ARRAY O,lOOh 

Formal parameters can be used anywhere in a macro. However, 
there's a problem when formal parameters are mixed with other 
text. For example, in the macro 

PUSH WORD REG MACRO RLETTER 
push RLETTERx 
ENDM 

Turbo Assembler can't know whether the string RLETTER 
embedded in RLETTERx is the name of the formal parameter or 
part of the operand to PUSH, so it assumes it's part of the operand. 
Alas, pushing RLETTERx isn't likely to succeed unless you 
happen to have memory variable of that name, and the desired 
result of pushing a register wouldn't be achieved in any case. 

The solution is to enclose the formal parameter name in a pair of 
ampersands (&&). When Turbo Assembler encounters macro text 
enclosed in ampersands, it checks first to see whether that text is 
the name of a formal parameter; if so, it substitutes the value of 
tha t parameter. 

For example, the following expansion of PUSH_WORD _REG, 

PUSH WORD REG 
push &RLETTER&x 
ENDM 

MACRO RLETTER 

PUSH WORD REG b 

assembles to 
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push bx 

Ampersands are required only when there might be a question 
about a reference to a formal parameter; for example, they're not 
needed in 

PUSH WORD REG MACRO REGISTER 
push REGISTER 
ENDM 

However, it never hurts to use ampersands, so use them 
whenever you're in doubt about whether they're needed. 

Nesting macros You've already seen that macros can contain repeat blocks. 

Macros and 
conditionals 

Macros can invoke other macros as well; this is known as nesting 
macros. For example, in 

PUSH WORD REG 
push REGISTER 
ENDM 

MACRO REGISTER 

PUSH ALL REGS MACRO 
IRP REG,<AX,BX,CX,DX,SI,DI,BP,SP> 
PUSH WORD REG REG 
ENDM 
ENDM 

the macro PUSH_ALL_REGS contains a repeat block, which in 
turn contains an invocation of the macro PUSH_WORD _REG. 

Perhaps the most powerful feature of macros is their ability to 
contain conditional assembly directives. This allows a single 
macro to assemble different sorts of code depending on the state 
of equated labels and parameters to each macro invocation. 

For example, we'll return to the earlier example of a macro that 
performs multiplication. In this case, however, if the factor passed 

'. as a parameter to the new MULTIPLY macro is any power of two, 
we'll multiply by using the faster shift and rotate instructions; 
otherwise, we'll use the MUL instruction. Here's the macro: 

MULTIPLY MACRO FACTOR 

i Check FACTOR against each of the 16 possible powers of two. 
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IS POWER OF TWO = 0 - --
COUNT 15 
POWER OF TWO 8000h 

REPT 16 
IF POWER_OF_TWO EO FACTOR 
IS POWER OF TWO = 1 

ENDIF 
COUNT 

EXITM 

COUNT-1 

;FACTOR is a power of two 

POWER OF TWO 
ENDM 

POWER OF TWO SHR 1 

IF IS POWER OF TWO 
sub dx,dx 
REPT COUNT 
shl ax,l 

ELSE 

ENDIF 

re! dx,l 
ENDM 

mov dx,FACTOR 
mul dx 

ENDM 

MULTIPLY actually checks on the fly whether the multiplication 
is by a power of two and assembles the appropriate code. So the 
code 

MULTIPLY 10 

assembles to 

mov dx,10 
mul dx 

but the code, 

MULTIPLY 8 

assembles to 

sub dx,dx 
shl ax,l 
re! dx,l 
shl ax,l 
reI dx,l 
shl ax,l 
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Don't confuse macros with 
subroutines, and don't 

confuse conditional 
assembly with If statements 

and the like in high-level 
languages. 

Stopping expansion 
with EXITM 

Defining labels within 
macros 

reI dx,l 

Bear in mind that macros are expanded at assembly time, not at 
run-time. MULTIPLY assembles new code each time it is invoked; 
the IF directive in MULTIPLY determines which instructions get 
assembled. 

The next example contains a directive you haven't seen before: 
EXITM. The EXITM directive instructs Turbo Assembler to stop 
expanding the current macro or repeat block. If, however, the 
current macro or repeat block is nested inside another macro or 
repeat block, expansion of the nesting macro or repeat block 
continues. 

Shiftn MACRO OP,N 
Count = 0 

REPT N 
shl OP,N 

Count = Count + 1 
IF Count GE 8 

EXITM 
ENDIF 
ENDM 

ino more than 8 allowed 

One potential problem with macros arises when you define a label 
within a macro. For example, the following causes an error due to 
the redefinition of SlcipLabel, since each expansion of the macro 
DO _DEC defines SkipLabel: 

DO DEC MACRO 
jexz SkipLabel 
dee ex 

SkipLabel: 
ENDM 

DO DEC 

DO DEC 

Fortunately, Turbo Assembler provides a simple solution in the 
form of the LOCAL directive. A LOCAL directive in a given macro 
causes the scope of the specified label or labels to be restricted to 
that macro. For example, LOCAL can be used as follows to allow 
the last example to assemble: 
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DO DEC MACRO 
LOCAL SkipLabel 
jexz SkipLabel 
dec ex 

SkipLabel: 
ENDM 

If LOCAL is used in a macro, it must be used immediately 
following the MACRO directive. Multiple labels can be declared 
local with a single LOCAL directive, and multiple LOCAL 
directives can be used: 

TEST MACRO 
LOCAL 
LOCAL 

ENDM 

MACRO 
LoopTop,LoopEnd,Skiplne 
NoEvent,MaeroDone 

The names actually assigned to local labels are of the form 

??XXXX 

where XXXX is a hexadecimal number between 0 and OFFFFh. 
Consequently, you should not assign your own labels names that 
start with ??, since these might conflict with the local labels Turbo 
Assembler generates. 

Forward references to macros are not allowed; macros must be 
defined before they're invoked. This makes good sense, in light of 
our earlier discussion of forward references, since Turbo 
Assembler has no idea how many bytes it would have to reserve 
for a forward-referenced macro. Otherwise, though, macros can 
be defined anywhere in a source module. 

Any valid assembler line can appear in a macro. This includes 
data definition directives, as well as code, and even includes 
segment directives, labels of all sorts, and listing control 
directives. 

There are several conditional assembly directives that are 
designed specifically for use in macros; these include IFDIF, IFIDN, 
IFDIFI, IFIDNI, IFB, and IFNB. There are also several conditional 
error directives for use in macros, including ERRDIF, ERRIDN, 
ERRDIFI, ERRIDNI, ERRB, and ERRNB. 
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The special operators are all 
defined more fully In Chapter 

2 of the Reference Guide. 

There are a number of special operators that you can use within 
macros: 

& 
<> 

% 

" 

Substitute operator 
Literal text string operator 
Quoted character opera tor 
Expression evaluate opera tor 
Suppressed comment 

The & substitution operator has been discussed in the previous 
section on macros. 

Fancy data structures 

Consult Chapter 11 to learn 
more about the enhanced 

features of Ideal mode. 

Turbo Assembler provides three directives to ease the task of 
managing complex data structures: STRUC, RECORD, and UNION. 
You've probably noticed that the directive names are similar to 
those used by high-level languages, and, indeed, there are some 
similarities between Turbo Assembler's data structure directives 
and those of high-level languages. 

Don't be misled, however; as you will see, assembly language 
data structure directives, while helpful, are less sophisticated than 
those of high-level languages. For example, assembly language 
doesn't limit the scope of the name of a structure element to that 
structure, so every structure element name must be unique in its 
source module. 

Also, unlike C and Pascal, assembly language data structure 
directives are conveniences, not necessities; there are ways to 
handle data structures, records, and unions in assembler without 
using the data structure directives. Nonetheless, the data 
structure directives are convenient and well worth knowing 
about. 

The following discussion applies to Turbo Assembler operating in 
MASM mode. In Ideal mode, Turbo Assembler supports 
considerably more powerful forms of the data structure 
directives. 

One point about Turbo Assembler's fancy data structures before 
we begin: Structures, records, and unions can appear anywhere in 
a source module, as long as they are never forward-referenced by 
instructions or directives. 
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The STRUC 
directive The STRUC directive, which lets you define a data structure, is 

useful whenever you have to deal with data that's partitioned into 
logical groups. For those of you who are familiar with C, STRUC 
is similar to C's struct statement. 

For example, suppose you want to define a data structure 
containing a name, age, and income for one client. Here's such a 
structure: 

CLIENT STRUC 
NAME DB 'Name goes here •••• ' 
AGE DW 
INCOME DD 
CLIENT ENDS 

The CUENT structure contains three fields: The NAME field, 
which contains a name up to 20 characters in length; the AGE 
field, which contains an age stored as a 16-bit value; and the 
INCOME field, which contains an income stored as a 32-bit value. 

You could use the CUENT structure as follows: 

CLIENT STRUC 
NAME DB 'Name goes here ..•• ' 
AGE DW 
INCOME DD 
CLIENT ENDS 

• DATA 
MisterBark CLIENT <'John Q. Bark' ,32,10000> 

.CODE 

mov ax, [MisterBark.Age] 
mov bx,OFFSET MisterBark 
mov ax, WORD PTR [bx.INCOME] 
mov dx,WORD PTR [bx.INCOME+2] 

There's much to examine in this example. First, notice that 
structure definitions end with the ENDS directive. This is the 
same directive that ends segment definitions. It's all right to nest 
structure definitions inside segment definitions. For example, the 
folloWing defines a structure inside a data segment: 
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Data SEGMENT WORD PUBLIC 'DATA' 

Test STRUC 

Test ENDS 

Data ENDS 

Second, note that the variable MisterBark of structure type CUENT 
is created as if there were a new data type named CUENT, and in 
fact that's exactly what you've done by defining the CUENT 
structure. In fact, if you use the SIZE operator on a CUENT 
structure, you'll get the value 26, which is the size of the structure. 

When MisterBark is created, three parameters to the declaration 
are provided within angle brackets. These parameters become the 
initial values for the corresponding fields of MisterBark; the string 
'John Q. Bark' is the initial value of the NAME field, 32 is the 
initial value of the AGE field, and 10,000 is the initial value of the 
INCOME field. 

You need not specify the initial value of any or all of the fields of a 
structured variable when you create it. For example, 

MisterBark CLIENT <> 

doesn't initialize any of the fields of MisterBark, and 

MisterBark CLIENT <,,19757> 

initializes only the INCOME field. However, the angle brackets 
are required even if no fields are initialized. 

If you don't specify an initial value when you create a memory 
variable, there are two possible ways in which the initial value of 
each field can be set. If you specified a value for a given field 
when you defined the structure type, that's the default value 
assigned to that field. If you specified a question mark for a given 
field when you defined the structure type, the default value for 
that field is O. 

For example, in the following code, an initial value is specified for 
only one field of MisterBark-the NAME field-when MisterBark is 
created. However, an initial value is specified for the AGE field 
when the CUENT structure is defined, so that's the value assigned 
to the AGE field of MisterBark. No value is specified in either place 
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for the INCOME field, so the INCOME field is initialized to O. 
Here's the example: 

CLIENT STRUC 
NAME DB 'Name goes here •••• ' 
AGE DW 21 
INCOME DD 
CLIENT ENDS 

• DATA 
MisterBark CLIENT <'John Q. Bark'> 

The result of this code is that the NAME field is initialized to 'John 
Q. Bark', the AGE field is initialized to 21, and the INCOME field 
is initialized to O. Note that the initial value for the NAME field 
specified when MisterBark is created overrides the initial value 
specified when the CUENT structure was defined. 

You can initialize arrays of structures with the DUP operator. For 
example, 

Clients CLIENT 52 DUP «» 
creates the array Clients,·consisting of 52 structures of type 
CUENT, each initialized to the default values. 

If you look back to the original structure example, you'll see a 
new operator there-the period (.) operator. The period operator 
is actually just another form of the plus operator for memory­
addressing; that is, all the following lines do exactly the same 
thing: 

mov ax, [bx.AGE] 
mov ax, [bx].AGE 
mov ax, [bx+AGE] 
mov ax, [bx]+AtE 

The period operator is often used with structure references for 
consistency with C notation, which also uses the period operator, 
and to make it clear that a structure field is being accessed; you 
can use whichever operator you prefer-period or plus. 

The structure fields defined with the STRUC directive are actually 
labels equated to the offset of the field in the structure. Given the 
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Advantages and 
disadvantages of using 

STRUC 

earlier definition for CUENT and MisterBark, the following two 
lines are equivalent: 

mov [MisterBark.AGE] ,ax 
mov [MisterBark+20] ,ax 

and this would work as well: 

AGE_FIELD EQU 20 

mov [MisterBark+AGE_FIELD],ax. 

Why use STRUC, then? For one thing, structure fields provide 
data-typing; Turbo Assembler knows MisterBark.AGE in the first 
example is a word-sized variable, since there AGE is a structure 
element, but MisterBark+AGE in the second example has no 
inherent size. 

For another, it's much easier to change a structure definition than 
to change constant offsets, or even a set of equates. For example, if 
you decided that the NAME field should be 30 characters long, all 
you'd have to do is change the entry for NAME in the CLIENT 
definition. !fyou were using equates, you'd have to manually 
calculate and change the offsets of both the AGE and INCOME 
fields; in a larger structure, you'd have quite a bit of work to do. 

Finally, STRUC makes it easy to create and initialize data 
structures. 

In short, STRUC is a convenient and maintainable way to create 
and access data structures. On the other hand, assembler data 
structures are by no means as error-proof as C data structures. For 
example, when you use a register to point to a data structure, 
there's no way for Turbo Assembler to tell whether the register 
contains a pointer to a valid data structure of that type. In the 
following code, BX is loaded with 0, but there's no way for Turbo 
Assembler to know whether or not there's a valid CUENT data 
structure at offset 0: 

mov bx,O 
mov dx, [bx.AGE] 
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This is not a problem with assembly language; rather, it reflects 
the nature of assembly language. When there's a choice between 
letting you have complete freedom in programming and 
protecting you from yourself, assembly language gives you the 
freedom. The important thing to keep in mind is that Turbo 
Assembler can perform only limited error-checking on your 
structure references; it's up to you to make sure you've got the 
right pointers loaded. 

Unique structure field names 

One somewhat annoying result of the fact that structure field 
names are actually just labels is that structure field names must be 
unique in their source module. For example, if you defined the 
CUENTstructure in a given source module, you couldn't have a 
label named INCOME anywhere else in that module, not even in 
another structure. INCOME is just a label with the value 22, and 
of course, you can't have two labels with the same name in a 
single source module. The following will produce an error, due to 
the attempted redefinition of AGE: 

CLIENT STRUC 
NAME DB 'Name goes here .... ' 
AGE DW? 
INCOME DD ? 
CLIENT ENDS 

AGE EQU 21 

Nesting structures 

Structures can be nested; for example, 

. DATA 

AGE STRUC STRUC 
YEARS DW? 
MONTHS DW ? 
AGE STRUC ENDS 

CLIENT 'STRUC 
NAME DB 'Name goes here .... ' 
AGE AGE STRUC <> 
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INCOME DW 
CLIENT ENDS 

MisterBark CLIENT <> 

• CODE 

mov dx, [MisterBark.AGE.MONTHS] 
mov si,OFFSET MisterBark 
mov ex, [si.AGE.YEARS] 

nests an AGE_STRUC structure named AGE in the CUENT 
structure, then references the MONTHS and YEARS fields of AGE 
in the CUENT structure MisterBark. 

Initializing structures 

There are a few cautions regarding the initialization of structures. 
First, if you attempt to initialize a string field of a structure with a 
string tha t is longer than the field, an assembly error will be 
generated. 

Second, the only kind of field that can be initialized with a string 
value is a string field. The following would not assemble: 

TEST STRUC 
TEXT DB 30 DUP {' 'l 
TEST ENDS 

TStrue TEST <'Test string'> 

even though TEXT was initialized to spaces, because Turbo 
Assembler considers TEXT to be an array of 30 spaces, not a string 
of 30 characters. The following would assemble: 

TEST STRUC 
TEXT DB 'String goes here •.••••..•••.. ' 
TEST ENDS 

TStrue TEST <'Test string'> 

Third, while you can define more than one data element as 
belonging to a single structure field, you can only initialize, at 
most, one element per field when you create an instance of that 
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The RECORD 

structure. For example, in the following code, when TestStruc is 
created, the first byte of field A is initialized to 1, and the first byte 
of field B is initialized to 2, while the second byte of each field is 
initialized to 20h (a space): 

T STRUC 
A DB Offh,Offh 
B DB Offh,Offh 
T ENDS 

TestStruc T <1,2> 

In this section, we've discussed the MASM mode version of the 
STRUC directive. In Ideal mode, the STRUC directive is 
considerably more powerful, providing more of the features 
available to structures in high-level languages. 

directive The RECORD directive provides you with a means to define bit 
fields within a byte or word. The bit field definitions can then be 
used to generate masks to isolate one or more of the bit fields, as 
well as shift counts to right-justify any bit field. The RECORD 
directive bears no relation to the Pascal record statement. 

Suppose you want to define a data structure that contains three 
1-bit flags and a 12-bit value. You could do this with the RECORD 
directive as follows: 

TEST REC RECORD FLAG1:1,FLAG2:1,FLAG3:1,TVAL:12 

This example defines three flags, named FLAG1, FLAG2, and 
FLAG3, and a data field named TVAL. The value after the colon 
for each field specifies that field's size in bits; each of the flags is 
one bit in size, and TV AL is 12 bits in size. 

How are the fields stored within the record? That's a bit complex. 
The first field, FLAG1, is the leftmost (most significant) bit of the 
record. The second field, FLAG2, is the next most significant bit of 
the record, and so on, until you reach TV AL, which ends at the 
least significant bit of the record. However, the record is only 15 
bits in size, leaving one bit in the word unaccounted for. (Records 
are always exactly 8 or 16 bits long.) The rule is that records as a 
whole are always right-justified in a byte or word. 
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Figure 9.1 
Locations and initial 

values of the fields 
in TRec 

As we said, it's a bit complex. Here's an example to clarify things. 
A record of type TEST _REC is defined with a line like 

TRee TEST_REC <1,O,O,52h> 

Here we've created the variable TRee of record type TEST _REC. 
The values in the angle brackets are made the initial values of the 
corresponding fields, so the FLAGl field of TRee is initialized to 1, 
the FLAG2 and FLAG3 fields are initialized to 0, and the TVAL 
field is initialized to S2h. Figure 9.1 shows the locations and initial 
values of the four fields of TRee. 

TVAL 

l 
TRee 52h 

Bit 15 14 13 12 11 o 

If the overall size of a record (the sum total of all the fields) is 8 
bits or less, the record is stored in a byte; otherwise, the record is 
stored in a word. Records longer than 16 bits are not supported 
except when 80386 assembly is enabled; in which case, records up 
to 32 bits in size are allowed. 

Initializing a record variable is much like initializing a structure 
variable. If you specify an initial value for a given record field 
when you create the record variable, the field is initialized to that 
value, as illustrated by the last example. 

If you don't specify an initial value for a given record field when 
you create a record variable, there are two possible default values. 
When you create a record type, you can optionally specify a 
default value for any or all fields. For example, 

TEST REC RECORD FLAG1:l=1,FLAG2:1=O,FLAG3:1,TVAL:12=Offfh 

specifies default values of 1 for FLAG1, 0 for FLAG2, and OFFFh 
for TV AL, with no explicit default value for FLAG3. The default 
value for any field lacking an explicit default value is 0, so the 
default value for FLAG3 is O. 

So, given the following definition of TEST _REC and creation of 
TRee 

. DATA 
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TEST REC RECORD FLAG1:1=1,FLAG2:1=0, FLAG3: 1, TVAL: 12=Offfh 

TRee TEST_REC <,1,,2> 

the fields are initialized as follows: 

• FLAGI initialized to 1 
• FLAG2 initialized to 1 
• FLAG3 initialized to 0 
• TV AL initialized to 2 

The overall value of the record variable TRee is 6002h. Note that 
initial values specified when a record variable is created override 
initial values specified when the record type is defined. 

Once defined, a record type is much like any other data type. You 
can, for example, use a record type with the SIZE operator, and 
you can define arrays of records with the DUP operator. For 
example, the following declares an array of 90 records of type 
TEST_REe: 

TReeArray TEST_REC 90 DUP «1,1,1,0» 

As with STRUC field names, record field names are labels. Since 
labels can only be defined once in a source module, this means 
that all record field names must be unique within their source 
module. 

Accessing records Now that you know how to create a record and how the various 
fields in a record are stored, you're ready to learn how to access 
records. You might reasonably think that you could access record 
fields the way you access structure fields, as in 

mov aI, [TRee.FLAG2] ;this doesn't work!!! 

but that's not the case. The 8086 can only work with 8- or 16-bit 
wide memory operands, so there's no way to load a 1-bit field, for 
instance, into a register. What you can do with record fields is 
determine their size in bytes, determine how many bits they need 
to be shifted to be right-justified, and generate masks to isolate 
them. In other words, even though the 8086 doesn't let you work 
directly with record fields, Turbo Assembler supports 
manipulating record fields with instructions such as AND and 
SHR. 
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The value of a given record field is the number of bits by which 
you'd have to shift the record in order to right-justify that field 
(that is, place bit ° of the field at bit ° of the record). For instance, 

mov al,FLAG1 
mov ah,TVAL 

loads AL with 14 and AH with 0, so 

mov ax, [TRee] 
mov el,FLAG1 
shr ax,el 

right-justifies the FLAGl field of TRee in AX. 

The value of a given record type itself is the byte or word value 
that would be generated by creating a record with given initial 
values. For example, 

mov ax,TEST_REC <1,1,1,Offfh> 

loads AX with 7FFFh, the value you'd get if you created a 
TEST _REC type record with the initial values <l,l,l,OFFFh>. Bear 
iIi mind the distinction between loading AX with the record type 
TEST _REC, as in the last example, and loading AX with the 
record variable TRee, as in 

TEST REC RECORD FLAG1:1=1,FLAG2:1=O,FLAG3:1,TVAL:12=Offfh 

TRee TEST REC <,1,,2> 

.CODE 

mov ax, [TRee] 

which loads AX with 6002h, the value of the variable TRee. 

The WIDTH operator 

The WIDTH operator returns the size of a record or record field in 
bits. For example, the following line stores 15, the number of bits 
in a TEST _REC record, in AL: 

mov aI, WIDTH TEST_REC ;size of a TEST_REC record in bits 
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and the following stores 1, the width of each of the flag fields, in 
AL, AH, and BL, and 12, the width of the TV AL field, in BH: 

mov aI, WIDTH FLAG! 
mov ah,WIDTH FLAG2 
rnov bI,WIDTH FLAG3 
rnov bh,WIDTH TVAL 

The MASK operator 

Finally, the MASK operator returns a mask sUitable for isolating a 
record or record field with the AND instruction. For example, 

rnov ax,MASK TEST_REC 

stores 7FFFh in AX, and 

rnov ax,MASK TEST_REC 
rnov dx, [TRee] 
and dx,ax 

stores the value of the record TRee in DX, masking off bit 15, 
which isn't part of the TEST_REC record. 

MASK is more useful for isolating an individual record field. The 
following detects whether the FLAG3 field of TRee is set: 

rnov ax, [TRee] 
and ax, MASK FLAG3 
jz FIag3NotSet 

Note that the TEST instruction can be used non-destructively in 
place of AND; the following performs the same test as the 
previous example without modifying any registers or memory 
locations: 

jz FIag3NotSet 

The MASK operator is also useful for manipulating record fields 
in conjunction with the shift instructions, as you'll see shortly. 
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Why use records Now you've seen what records are and how they're used. When 
would you really want to use records? Well, records aren't used 
all that often, but they are handy when you've got multiple data 
fields encoded in a single byte or word. Some variables used by 
the BIOS are structured as records. For example, the low byte of 
the BIOS equipment flag variable, which stores equipment-related 
information (such as what video adapter is active and the number 
of floppy drives present) is a record of the structure 

EQ_FLAG RECORD NUMDISKS:2,VIDEO:2,RSRVD:2,MATHCHIP:l,AREDISKS:l 

where NUMDISKS is the number of floppy disk drives installed 
minus 1; VIDEO indicates what sort of display adapter is 
currently active; RSRVD is a field reserved for different uses in 
different IBM microcomputers; MATHCHIP is 1 if a numeric 
coprocessor such as an 8087 is installed; ARE DISKS is 1 if any 
floppy disk drives are installed. 

Here's a function that uses the EQ_FLAG record and the record 
operators to return the setting of the display adapter field of the 
BIOS equipment flag variable: 

i Returns current setting of the display adapter field of 
i the BIOS equipment flag variable. 

i Input: None 

i Output: 
AL = 0 if no display adapter is currently selected 

1 if 40x25 color display is currently selected 
2 if 80x25 color display is currently selected 
3 if 80x25 monochrome display is currently selected 

i Registers destroyed: AX,CL,ES 

EQ_FLAG RECORD NUMDISKS:2,VIDEO:2,RSRVD:2,MATHCHIP:l,AREDISKS:l 

GetBIOSEquipmentFlag 
mov ax,40h 
mov es,ax 
mov al,es:[lOh] 
and al,MASK VIDEO 
mov cl, VIDEO 

PROC 

ipoint ES to the BIOS data segment 
iget the low bit of the equipment flag 
iisolate the display adapter field 
iget the number of bits to shift 
i the display adapter field right to 
i right-justify it 
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shr al,cl iright-justify display adapter field 
ret 

GetBIOSEquipmentFlag ENDP 

Here's a complementary function that sets the display adapter 
field of the BIOS equipment flag to a specified value: 

Sets the display adapter field of the BIOS equipment flag 
variable. 

Input: 
AL = 0 if no display adapter is currently selected 

1 if 40x25 color display is currently selected 
2 if 80x25 color display is currently selected 
3 if 80x25 monochrome display is currently selected 

Output: None 

Registers destroyed: AX,CX,ES 

EQ_FLAG RECORD NUMDISKS:2,VIDEO:2,RSRVD:2,MATHCHIP:l,AREDISKS:l 

SetBIOSEquipmentFlag PROC 
mov cx,40h 
mov es,cx 
mov el, VIDEO 

shl al,e! 
mov ah,es: [lOh] 
and ah,NOT MASK VIDEO 
and aI, MASK VIDEO 

or al,ah 

ipoint ES to the BIOS data segment 
iget the number of bits to shift 
i the passed value left to align it 
i with the display adapter field 
ialign the value 
iget the low bit of equipment flag 
iclear the display adapter field 
imake sure the new display adapter 
i field setting is valid 
iinsert the new display adapter 
i field setting in the equipment 
i flag value 

rnov es:[lOh],al iset the new equipment flag 
ret 

SetBIOSEquipmentFlag ENDP 

In this section, we've discussed the MASM mode version of the 
RECORD directive. The Ideal mode version of the RECORD 
directive differs slightly from the MASM mode version. 
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The UNION 
directive The UNION directive provides a way to reference a given memory 

location as more than one data type. UNION is similar to C's union 
statement. 

Suppose you have a counter that you use sometimes as an 8-bit 
counter and sometimes as a 16-bit counter. You could declare it to 
be a union of the two with 

FLEX COUNT UNION 
COUNT8 DB? 
COUNT16 DW 
FLEX COUNT ENDS 

Note that, as with STRUC, UNION definitions must end with 
ENDS. 

Given the previous definition of the FLEX_COUNT union, you 
could create and use a dual-purpose counter as follows: 

• DATA 
Counter FLEX COUNT <?,?> 

.CODE 

mov [Counter.COUNT16],Offffh 
LoopTop: 

dec [Counter.COUNT16] 
jnz ShortLoopTop 

mov [Counter.COUNT8],255 
ShortLoopTop: 

dec [Counter.COUNT8] 
jnz ShortLoopTop 

As with STRUC, the period operator is used to reference union 
fields; the plus operator could be used as well. Referencing a 
variable by way of its union fields is equivalent to using type 
overrides. The preceding example is equivalent to 
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• DATA 
Counter DW ? 

.CODE 

mov WORD PTR [Counter],Offffh 
LoopTop: 

dec WORD PTR [Counter] 
jnz LoopTop 

mov BYTE PTR [Counter],255 
ShortLoopTop: 

dec BYTE PTR [Counter] 
jnz ShortLoopTop 

The advantage of using a union over type overrides is that you're 
much more likely to use the correct union element name than you 
are to remember the type override in every instance. Also, the 
multiple-mode operation of a union variable is instantly apparent 
when you look at the variable's definition, so code containing 
unions is easier to understand and maintain. 

You can nest both unions and structures within unions. For 
example, the following union allows a 4-byte memory variable to 
be accessed as either a doubleword-sized segment:offset pointer 
or as a word-sized offset variable and a word-sized segment 
variable: 

SEG OFF STRUC 
POFF OW ? 
PSEG DW ? 
SEG OFF ENDS 

PUN ION UNION 
DPTR DO 
XPTR SEG OFF <> 
PUNION ENDS 

.CODE 

mov [bx.XPTR.POFF],si 
mov [bx.XPTR.PSEG],ds 

les di, [bx.DPTR] 
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As with STRUC and RECORD, the field names defined with 
UNION are normal labels, with no scope limitations. 
Consequently, union field names must be unique in their source 
module. 

In this section, we've discussed the MASM mode version of the 
UNION directive. In Ideal mode, the UNION directive is 
considerably more powerful, providing more of the features 
available to structures in high-level languages. 

Segment directives 

The SEGMENT 

In Chapter 5, you learned how to use the simplified segment 
directives, and you learned enough about the standard segment 
directives to be able to make a working program. Now we're 
going to discuss each of the standard segment directives in detail, 
and provide you with more information about what the 
simplified segment directives do. We're also going to show you a 
sample program that uses several code and data segments, to give 
you a feel for how multisegment programs operate. 

Recall that the simplified segment directives are easier to use but 
less powerful than the standard segment directives. The standard 
segment directives we cover in the next sections are SEGMENT, 
GROUP, and ASSUME. 

directive The SEGMENT directive is used to start a segment. Each 
SEGMENT directive must have a matching ENDS to terminate that 
segment. Unlike the simplified segment directives, SEGMENT 
gives you complete control over the attributes of each segment. 

The complete form of the SEGMENT directive is 

name SEGMENT align combine use 'class' 

where align, combine, use, and class are all optional. We'll discuss 
each of these fields in turn. 
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The name and align 
fields 

name is the name of the segment. Segment names are labels, so 
they must be unique in their source modules. The same name 
must be used with ENDS when the segment is ended. 

align specifies the memory boundary on which the segment 
should start. The following are valid alignments: 

• BYTE uses the next available byte address . 
.. DWORD uses the next doubleword-aligned address. 

• PAGE uses the next page address (256-byte aligned). 

• PARA uses the next paragraph address (16-byte aligned). 

• WORD uses the next word-aligned address. 

If no alignment is explicitly specified, paragraph-alignment is 
used. 

Byte-alignment makes for the most compact programs. Word­
alignment is preferable on 16-bit computers such as the AT, since 
16-bit processors operate more efficiently on word-aligned data; 
doubleword-alignment is preferable on 32-bit computers for 
much the same reason. Paragraph-alignment is necessary for 
segments that will be a full64K long. 

The combine field combine controls the manner in which segments of the same name 
in other modules will be combined with this segment when the 
modules that make up the program are linked together. combine 
can be anyone of the following types: 

AT 
COMMON 
MEMORY 
PRIVATE 

PUBLIC 
STACK 
VIRTUAL 

You might find it useful to refer to the later section (on page 400), 
"The simplified segment directives," which shows the combine 
types used by high-level languages. 

A combine type of AT causes the start of the segment to be placed 
at a specific address in memory. No code is actually generated; 
instead, AT segments are used as templates for accessing memory 
areas such as the ROM BIOS data segment and display memory. 
For example, 

VGA GRAPHICS MEMORY SEGMENT AT OAOOOh - -
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BitMapStart LABEL BYTE 
VGA GRAPHICS MEMORY ENDS - -

mov ax,VGA_GRAPHICS_MEMORY 
mov eS,ax 
ASSUME es:VGA GRAPHICS MEMORY - -
mov di,OFFSET BitMapStart 
mov cx,08000h 
sub aX,ax 
cld 
rep stosw 

clears the VGA graphics screen. 

The combine type COMMON specifies that the beginning of this 
segment and the beginning of all other segments of the same 
name should be aligned, so that the segments overlay each other. 
The total segment size is only the size of the largest segment of 
this name. One way in which the COMMON combine type can be 
used is by including a file that defines a COMMON segment in 
each module referencing that segment, so that all modules 
effectively share exactly the same segment. 

The combine type PUBLIC instructs the linker to concatenate this 
segment with other segments of the same name, so the segments 
are effectively pieced together to make a larger segment. The total 
size of the segment is the sum of the size of all segments of this 
name. As with all segments, the total size of PUBLIC segments 
can't exceed 64K. PUBLIC is used when multiple modules share 
the same segment, but each defines its own variables. Variables in 
PUBLIC segments are often shared between modules by way of 
GLOBAL directives. 

The MEMORY combine type is the same as PUBLIC. 

The combine type STACK instructs the linker to concatenate all 
segments of this name into one segment, and to build the EXE file 
so that SS:SP is set to point to the end of this segment when the 
program is run. This is a specialized combine type to be used for 
the stack and nothing else. 

A combine type of VIRTUAL defines a special kind of segment, 
which will be treated as a common area and attached to another 
segment at link time. The VIRTUAL segment is assumed to be 
attached to the enclosing segment. The VIRTUAL segment also 
inherits its attributes from the enclosing segment. The ASSUME 
directive considers a VIRTUAL segment to be a part of its parent 
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Segment size, type, 
name, and nesting 

segment; in all other ways, a VIRTUAL segment is treated just like 
a normal segment. The linker treats virtual segments as a common 
area that will be combined across modules. This permits static 
data that comes into many modules from Include files to be 
shared. 

Finally, the combine type PRIVATE instructs the linker not to 
combine this segment with any other segments. This allows you 
to define segments that are local to a given module, without 
having to worry about possible conflicts if segments of the same 
name are used in other modules. Segments default to combine 
type PRIVATE if no combine type is specified. 

The use field of the SEGMENT directive is for 80386 assembly 
only; Chapter 10 offers more information on the use field. 

The class field is used to control the order in which the linker 
places segments. All segments of a given class are placed in a 
contiguous block of memory, no matter what their order is in the 
source code. The section liThe simplified segment directives" 
shows the classes used by high-level languages; for simplicity, 
you might want to follow these conventions. 

The cumulative size of the segments in a class is limited only by 
the availability of memory at run-time; however, no individual 
segment can exceed 64K. 

Note that the class type, if present, must be enclosed in quotes. 
Also, class types must be unique in their source modules; that is, 
no label used in a given module may have the same name as a 
class type used in that module. 

You can define the same segment name multiple times in the 
same source module; all instances are considered to refer to a 
single segment. However, you must make sure that all definitions 
of a given segment in a source module have the same attributes; 
otherwise, Turbo Assembler will generate an error. 

One handy way to avoid such errors is to specify attributes only 
the first time you define a segment in a given source module. 
When a redefined segment with no attributes is encountered, 
Turbo Assembler automatically uses the attributes specified when 
the segment was first defined. 

Finally, segments can be nested, which means you can define a 
segment before you end an earlier segment, as follows: 
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DataSeg SEGMENT PARA PUBLIC 'DATA' 

DataSeg2 SEGMENT PARA PRIVATE 'FAR_DATA' 

DataSeg2. ENDS 

DataSeg ENDS 

Nesting is not generally useful, but there is at least one case where 
it's handy, and that's in a macro. In order to define a segment in a 
macro, you'd normally have to end and then restart the current 
segment, and to do that you'd need to know the current segment's 
name, which is not necessarily obvious in the context of a macro. 
By contrast, segment-nesting allows you to define a segment 
without ever knowing what the name of the current segment is, as 
follows: 

TEST MACRO 

TestSeg SEGMENT WORD PRIVATE 'FAR DATA' 

TestSeg ENDS 

ENDM 

After a nested segment ends, Turbo Assembler simply resumes 
assembling into the segment that was active when the nested 
segment began. 

By and large, you don't need to worry about the order in which 
the segments end up in the .EXE files you create. First of all, the 
order in which segments appear in .EXE files doesn't often matter. 
Second, most of the cases in which you might care about segment 
order are easily handled by a high-level language compiler or the 
DOSSEG directive. If you're linking to a high-level language, that 
language's compiler will usually control the segment order. If 
you're writing a pure assembler program and have specified the 
DOSSEG directive, your segments will end up in Microsoft­
standard segment order, as follows: 

• Segments of class CODE 
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• Segments of class other than CODE that are not part of 
DGROUP 

• Segments that are part of DGROUP, in the following order: 

• Segments of classes other than STACK and BSS 
• Segments of class BSS 
• Segments of class STACK 

If you're curious about the order in which the linker is placing 
your segments, just use the Is command-line switch to instruct 
TLINK to generate a detailed segment map file and take a look at 
the map file. 

A question remains: How are segments ordered if you aren't 
linking to a high-level language and you don't use the DOSSEG 
directive? Most of the time, you'll have no need to know the 
answer to that question, but in case it does matter to you, here's 
the answer. (It's a bit more complex than you might think.) 

When no explicit segment-ordering, such as that forced by 
DOSSEG, is in effect, the linker groups all segments of a given 
class together, where the class of a segment is specified by the 
class field of the SEGMENT directive. The groups of segments 
themselves are placed in the .EXE file simply in the order in 
which the linker encounters them; the first segment class the 
linker encounters in loading the .OB] files is placed first in the 
.EXE file, the second segment class encountered comes next, and 
so on. This means that the order in which .OB] files are linked 
affects the final order of the segments in the .EXE file. 

Now you've got the segments loosely ordered by class. How, then, 
are the segments within each class ordered? Once again, they're 
placed in the .EXE file in the order in which the linker 
encountered them. One factor here is the order in which the .OB] 
files are linked; another factor is the order in which the segments 
are placed in each .OB] file. Turbo Assembler gives you two 
choices regarding the order in which segments appear in .OB] 
files. 

The .SEQ directive instructs Turbo Assembler to place segments 
in the .OB] file in the order in which they appear in the source file. 
With sequential-ordering, the order of the segments in a given 
source module can affect the order of the segments in the .EXE 
file. This is the default mode of operation of Turbo Assembler, so 
sequential segment-ordering will occur even if you omit the .SEQ 
directive, as long as the .ALPHA directive is not used. 
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The .ALPHA directive instructs Turbo Assembler to place 
segments in the .OBI file in alphabetic order. With alphabetic­
ordering, the order of the segments in a given source module does 
not affect the order of the segments in the .EXE file. This is the 
default mode of operation of some older assemblers, so you may, 
on occasion, have to use .ALPHA in order to get assembler 
programs to run properly. 

So, now you've got segments loosely ordered by class, and 
ordered within the class by the order of appearance of the 
segments. You can control the order of appearance of segments 
within the class both by the order in which .OBI files are linked 
and by the .SEQ and .ALPHA directives. If .SEQ is selected, the 
order of appearance of segments in a given source module can 
affect the order of the segments in the .EXE file. 

You can see that segment-ordering is no simple matter. Odds are, 
though, that you'll never have to worry about segment order; it 
doesn't usually make any difference anyway, and when it does, a 
high-level compiler or the DOSSEG directive generally takes care 
of segment-ordering for you. 

directive The GROUP directive is used to combine two or more segments 
into one logical entity, so that all the segments can be addressed 
relative to a single segment register. 

Suppose you have a program that accesses data in two segments. 
Normally, you'd have to load a segment register and perform a 
new ASSUME each time you wanted to access first one segment 
and then the other; that's both time-consuming and a nuisance. It's 
far easier to combine the segments into a single group named 
DataGroup, load DS with the start of DataGroup, ASSUME DS to 
DataGroup, and then access either segment at any time. Here's the 
code: 

DataGroup GROUP DataSegl,DataSeg2 

DataSegl SEGMENT PARA PUBLIC 'DATA' 
MemVarl DW 0 
DataSegl ENDS 

DataSeg2 SEGMENT PARA PUBLIC 'DATA' 
MemVar2 DW 0 
DataSeg2 ENDS 
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mov ax,DataGroup 
mov ds,ax 
ASSUME ds:DataGroup 

mov ax, IMemVarl] 
mov IMemVar2],ax 

Why would you want to use groups, when using a single segment 
name and the combine type PUBLIC produces the same result 
more easily? Actually, in pure assembler programs, there's not 
that much need for groups, although you can certainly use them if 
you want. Groups are primarily used when interfadng assembler 
code to high-level languages. In particular, the group DGROUP is 
used by high-level languages to allow the stack, initialized near 
data, uninitialized near data, and constant segments to be 
accessed relative to a single segment register. 

1111" The one key rule with groups is that all the segments in a group 
must lie within a single 64K segment, since they must all be 
accessed relative to a single segment register. Bear in mind that 
segment-ordering is dependent on many factors, as discussed in 
the last section, so segments might lie some distance apart if 
you're not careful. The safest approach is to declare all segments 
in a group to be of the same class, and to define them one after the 
other at the start of all modules they're defined in. 

However, when you are either linking to a high-level language or 
have used the DOSSEG directive anywhere in your program, 
there's no need to worry about making sure that the segments in 
DGROUP are kept together; in both these cases, the linker 
automatically makes all segments in DGROUP adjacent. 

While the segments in a group must fit within a 64K segment, 
they do not have to be contiguous once they're linked. Non­
grouped segments can lie between the segments that make up a 
group. 

1111" If you do use a group, you must be careful always to use the 
group name with ASSUME when you load a segment to point to 
the group. Otherwise, Turbo Assembler will generate offsets 
relative to the segment start, not the group start, even though the 
segment register is pointing to the group start. For example, the 
following would cause errors given the previous definition of 
DGROUP: 

396 Turbo Assembler User's Guide 



See • Forgetting group 
overrides in operands and 

data tables, • on page 252 in 
Chapter 6 for more 

information. 

The ASSUME 

mov ax,DGROUP 
mov ds,ax 
ASSUME ds:Stack ;will produce incorrect offsets! 

Instead, use 

mov ax,DGROUP 
mov ds,ax 
ASSUME ds:DGROUP 

In short, if you load a segment register to point to a group, be sure 
to ASSUME to that group, not to any of its component segments. 

MASM, the Microsoft Macro Assembler, has a bug regarding the 
OFFSET operator with groups. This bug also surfaces when 
initializing data to the address of labels in a group. In the interests 
of compatibility, Turbo Assembler reproduces this bug. The 
workaround for this bug is always to place group override 
prefixes on labels when you use them with the OFFSET operator 
or use them to initialize data. 

directive The ASSUME directive lets you tell Turbo Assembler what 
segment or group a given segment register is pointing to. Note 
that this is not the same as actually loading a segment register to 
point to that segment; you must do that separately with the MOV 
instruction. The purpose of ASSUME is to allow Turbo Assembler 
to check the validity of your memory references and to insert 
segment override prefixes automatically on your memory 
accesses as needed. 

An ASSUME for CS must appear before any code in each source 
module, so that Turbo Assembler knows what segment to assume 
the instructions are in, for purposes of jumps, calls, and setting 
the starting address of the program. 

Other ASSUME directives for the various segment registers can be 
inserted as often as needed in any source module. The assumed 
segment for any segment register can be changed whenever you 
wish. Any or all segment assumptions can be changed with a 
single ASSUME directive. 
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You can specify an assumption for a segment register with either 
a segment name, a group name, or a segment extracted from a 
label with the SEG operator. Additionally, you can use the 
NOTHING keyword to instruct Turbo Assembler to assume that 
any or all segment registers aren't pointing to any segment. 

Here's an example of using ASSUME: 

Stack SEGMENT PARA STACK 'STACK' 
DB 512 DUP (0) 

Stack ENDS 
TGROUP GROUP DataSeg1,DataSeg2 
DataSeg1 SEGMENT PARA PUBLIC 'DATA' 

DataSeg1 ENDS 
DataSeg2 SEGMENT PARA PUBLIC 'DATA' 

DataSeg2 ENDS 

DataSeg3 SEGMENT PARA PUBLIC 'DATA' 
MemVar DW 0 

DataSeg3 ENDS 

CodeSeg SEGMENT PARA PUBLIC 'CODE' 
ASSUME cs:CodeSeg,ds:TGROUP,ss:Stack,es:NOTHING 

ProgramStart: 
mov ax,TGROUP 
mov ds,ax 
ASSUME ds:TGROUP 

mov ax,SEG MemVar 
mov es,ax 
ASSUME es:SEG MemVar 

push ds 
pop es 
mov ax,CodeSeg 
mov ds,ax 
ASSUME ds:CodeSeg,es:TGROUP 

CodeSeg ENDS 
END ProgramStart 

;same as DataSeg3 

If an ASSUME directive refers to a group, the specified segment 
register is assumed to point to the start of that group. However, if 
an ASSUME directive refers to a segment that's part of a group, 
the segment register is assumed to point to the start of the 
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segment, not the group. This can cause problems, since segment 
registers are generally set to point to the start of groups, not 
segments that make groups. For example, the following would 
load AX. from the wrong memory location, since OS points to the 
start of TGROUP, but the ASSUME statement incorrectly indicates 
that OS points to the start of DataSeg2: 

TGROUP GROUP DataSegl,DataSeg2 
DataSegl SEGMENT PARA PUBLIC 'DATA' 

DataSegl ENDS 
DataSeg2 SEGMENT PARA PUBLIC 'DATA' 
MemVar DW 0 
DataSeg2 ENDS 

CodeSeg SEGMENT PARA PUBLIC 'CODE' 
ASSUME cs:CodeSeg 

mov ax,TGROUP 
mov ds,ax 
ASSUME ds:DataSeg2 
mov ax, [MemVarl 

;not correct!!! (should be TGROUP) 
;will load from the wrong offset, 

relative to DataSeg2 rather than 
; TGROUP 

When you use the simplified segment directives, it's generally not 
necessary to use ASSUME, since Turbo Assembler automatically 
generates the appropriate segment assumptions. However, if you 
change any segment registers while you're using the simplified 
segment directives, you will have to perform the appropriate 
ASSUME directives. For example, the following sets OS to point to 
the .DATA segment, the .CODE segment, the .FARDATA segment, 
and finally back to the .DATA segment: 

. DATA 

.FARDATA 

. CODE 
mov ax,@data 
mov ds,ax 
ASSUME ds:@data 

mov ax,@code 
mov ds,ax 
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cussed In Chapter 5. 

ASSUME ds:@code 

mov ax,@fardata 
mov ds,ax 
ASSUME ds:@fardata 

mov ax,@data 
mov ds,ax 
ASSUME ds:@data 

As we've pointed out before, the ASSUME directive can cause 
Turbo Assembler to insert segment override prefixes on memory 
accesses whenever Turbo Assembler (operating on the basis of the 
ASSUME directives you've issued) thinks that's necessary to access 
a given memory variable. For example, Turbo Assembler will put 
an ES: override on the instruction that accesses MemVar in the 
following code, since the ASSUME directive incorrectly indicates 
that DS can't reach the segment where MemVar resides: 

DataSeg SEGMENT PARA PUBLIC 'DATA' 
MemVar DB ? 

DataSeg ENDS 

CodeSeg SEGMENT PARA PUBLIC 'CODE' 
ASSUME cs:CodeSeg,ds:NOTHING,es:DataSeg 

mov ax,DataSeg 
mov ds,ax 
mov es,ax 
mov [MemVarl,l 

We discussed the simplified segment directives in some detail in 
Chapter 5. However, the main aspect of simplified segment 
directives that we haven't covered yet is exactly what segments 
the various simplified segment directives create. That's not 
something you'll normally have to know, but if you're mixing 
simplified and standard segment directives, you might need that 
information. 

The segments and segment groups created by the .CODE, .DATA, 
.DATA?, .STACK, .CONST, .FARDATA, and .FARDATA? directives 
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depend on the memory model selected by the .MODEL directive. 
The following tables show the correspondence of memory models 
and the segments created by the simplified segment directives: 

Table 9.1 
Directive Name Align Combine Class Group Default segments 

and types for tiny 
memory model .CODE TEXT WORD PUBLIC 'CODE' DGROUP 

.FARDATA FAR_DATA PARA private 'FAR DATA' 

.FARDATA? FAR BSS PARA private 'FAR-BSS' 

.DATA DATA WORD PUBLIC 'DATA' DGROUP 

.CONST CaNST WORD PUBLIC 'CONsr DGROUP 

.DATA? BSS WORD PUBLIC 'BSS' DGROUP 

.STACK- STACK PARA STACK 'STACK' DGROUP 

- STACK not assumed to be in DGROUP if FARSTACK specified. 

Table 9.2 
Default segments Directive Name Align Combine Class Group 

and types for small 
memory model .CODE TEXT WORD PUBLIC 'CODE' 

.FARDATA FAR_DATA PARA private 'FAR DATA' 

.FARDATA? FAR BSS PARA private 'FAR-BSS' 

.DATA _DATA WORD PUBLIC 'DATA' DGROUP 

.CONST CaNST WORD PUBLIC 'CaNST' DGROUP 

.DATA? BSS WORD PUBLIC 'BSS' DGROUP 

.STACK- STACK PARA STACK 'STACK' DGROUP 

- STACK not assumed to be in DGROUP if FARSTACK specified. 

Table 9.3 
Default segments Directive Name Align Combine Class Group 

and types for 
medium memory .CODE name_TEXT WORD PUBLIC 'CODE' 

model .FARDATA FAR DATA PARA private 'FAR DATA' 
.FARDATA? FAR=BSS PARA private 'FAR-BSS' 
.DATA DATA WORD PUBLIC 'DATA' DGROUP 
.CONST CaNST WORD PUBLIC 'CONsr DGROUP 
.DATA? BSS WORD PUBLIC 'BSS' DGROUP 
.STACK- STACK PARA STACK 'STACK' DGROUP 

- STACK not assumed to be in DGROUP if FARSTACK specified. 

Table 9.4 
Default segments Directive Name Align Combine Class Group 

and types for 
compact memory .CODE _TEXT WORD PUBLIC 'CODE' 

model .FARDATA FAR DATA PARA private 'FAR DATA' 
.FARDATA? FAR=BSS PARA private 'FAR=BSS' 
.DATA DATA WORD PUBLIC 'DATA' DGROUP 
.CONST CaNST WORD PUBLIC 'CONsr DGROUP 
.DATA? BSS WORD PUBLIC 'BSS' DGROUP 
.STACK- STACK PARA STACK 'STACK' DGROUP 

- STACK not assumed to be in DGROUP if FARSTACK specified. 
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Table 9.6 
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Directive Name Align Combine Class Group 

.CODE name TEXT WORD PUBLIC 'CODE' 

.FARDATA FAR-DATA PARA private 'FAR_DATA' 

.FARDATA? FAR-BSS PARA private 'FAR BSS' 

.DATA _DATA WORD PUBLIC 'DATA' DGROUP 

.CONST CONST WORD PUBLIC 'CONST' DGROUP 

.DATA? BSS WORD PUBLIC 'BSS' DGROUP 

.STACK" STACK PARA STACK 'STACK' DGROUP 

"STACK not assumed to be in DGROUP if FARSTACK specified. 

Directive Name Align Combine 

.CODE CODE BYTE PUBLIC 

.DATA DATA WORD PUBLIC 

In past chapters, you've probably noticed that programs using the 
simplified segment directives don't need ASSUME, GROUP, or 
ENDS directives. The .MODEL directive automatically performs 
the appropriate ASSUME directives for the selected memory 
mode, assuming the segments shown in the preceding tables . 
. MODEL also performs the group definition for DGROUP, as 
shown in the previous tables. 

As for ENDS, the start of a new segment with a simplified 
segment directive-for example, .CODE or .DATA-automatically 
ends the current segment, if there is one. 

Take a look now at the more esoteric simplified segment 
directives: .DATA?, .CONST, .FARDATA, and .FARDATA? 
.FARDATA is really the only one of these you'll ever use in a pure 
assembler program; the others are strictly for matching the 
segment usage of high-level languages . 

. DATA? starts the segment that is to contain uninitialized near 
data in DGROUP. Since both the .DATA and .DATA? segments are 
in the same group, there's really no reason not to simply skip 
using .DATA? altogether and use question marks 'to define 
uninitialized data in the .DATA segment, except when you're 
following the conventions of a high-level language . 

. CONST, which starts the segment that is to contain constant near 
data in DGROUP, falls into the same category as .DATA? You 
might as well put your constant data in .DATA and skip .CONST, 
except when you're following the conventions of a high-level 
language. 
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.FARDATA is used to create a far data segment unique to a given 
source module; that is, a segment that's not shared with any other 
module. That segment is named FAR_DATA but is of combine 
type PRIVATE, so it's not combined with any other segment . 
. FARDATA allows you to define up to 64K of local data storage in 
each module. Of course, if you use .FARDATA, you must set a 
segment register to point to that segment, as follows: 

.MODEL small 
• DATA 

InitValue DW 0 
.FARDATA 

MemArray DW 100 DUP (?) 
.CODE 

mov ax,@data 
mov ds,ax 
mov ax,@fardata 
mov es,ax 
mov ax, [InitValue] 
ASSUME es:@fardatai 
mov di,OFFSET MemArray 
mov cx,100 
cld 
rep stosw 

Note that the predefined label @fardata contains the name of the 
segment defined with the .FARDATA directive. 

While a segment defined with .FARDATA isn't shared with any 
other module (as, for example, the segment defined with .DATA 
is), you can use GLOBAL to share specific variables in the 
.FARDATA segment with other modules. For example, the 
following makes MemVar available to other modules: 

. MODEL small 

.FARDATA 
GLOBAL MemVar:WORD 

MemVar DW 0 

Another module could then reference MemVar as follows: 

. MODEL small 
GLOBAL MemVar:WORD 
• DATA 

. CODE 
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A multisegment 
program 

mov ax,SEG MemVar 
mov ds,ax 
ASSUME ds:SEG MemVar 
mov ax, [MemVar] 

Note that the declaration of MemVar as GLOBAL comes before 
any segment is declared. This is necessary because a global 
declaration of a given variable must be performed either inside 
the variable's segment or outside all segments. Since, by 
definition, no module can share another module's .FARDATA 
segment, the declaration of MemVar must be performed outside 
all segments. . 

.FARDATA? is much like .FARDATA, except that it creates a 
private segment named FAR_BSS. FAR_BSS segments are used 
by high-level languages for uninitialized far data. If you're not 
interfacing to a high-level language, there's no reason you 
shouldn't define your uninitialized far data in the segment 
defined with .FARDATA and forget about .FARDATA? True, the 
.FARDATA segment gives you an additional64K of far storage, 
but if you really need more than 64K of far storage that's unique 
to a given module, you should probably be using the standard 
segment directives anyway. 

If you do use .FARDATA?, the predefined label @fardata? 
contains the name of the segment defined by .FARDATA, suitable 
for use in ASSUME directives and in loading segment registers. 

The next program has two code segments and two data segments. 
This is hardly a comprehensive example of multisegment 
programming, but we don't have the space for a program running 
to hundreds or thousands of lines; this one will serve to give you 
a feel for switching data segments, loading full segment:offset 
pointers, and calling code in other segments. 

Here's the example: 

; Program to demonstrate use of multiple code and data segments. 

; Reads a string from the console, stores it in one data 
segment, copies the string to another data segment, converting 
it to lowercase in the process, then prints the string to the 
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console. Uses functions in another code segment to read, 
print, and copy the string. 

Stack 
DB 

SEGMENT PARA STACK 'STACK' 
512 DUP (?) 

Stack ENDS 

. MAX_STRING_LENGTH EQU 1000 

SourceDataSeg SEGMENT PARA PRIVATE 'DATA' 
InputBuffer DB MAX_STRING_LENGTH DUP (?) 
SourceDataSeg ENDS 

DestDataSeg 
OutputBuffer 
DestDataSeg 

SEGMENT PARA PRIVATE 'DATA' 
DB MAX_STRING_LENGTH DUP (?) 
ENDS 

SubCode SEGMENT PARA PRIVATE 'CODE' 
ASSUME cs:SubCode 

Subroutine to read a string from the console. String end is 
marked by a carriage-return, which is converted to a 
carriage-returnflinefeed pair so it will advance to the next 
line when printed. A a is added to terminate the string. 

Input: 
ES:DI - location to store string at 

Output: None 

Registers destroyed: AX,DI 

GetString PROC FAR 
GetStringLoop: 

mov ah,l 
int 21h 
stosb 
cmp aI, 13 
jnz GetStringLoop 
mov BYTE PTR es: [di],10 
mov BYTB PTR es: [di+1],0 

ret 
GetString ENDP 

;get the next character 
isave it 
iis it a carriage-return? 
ino-not done yet 

iend the string with a linefeed 
; and with a zero 

Subroutine to copy a string, converting it to lowercase. 

Input: 
DS:SI - string to copy 
ES;DI - place to put string 
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Output: None 

Registers destroyed: AL, SI, DI 

CopyLowercase PROC FAR 
CopyLoop: 

lodsb 
cmp aI,' A' 
jb NotUpper 
cmp al,'Z' 
ja NotUpper 
add al,20h iconvert to lowercase if it's uppercase 

NotUpper: 
stosb 
and al,al 
jnz CopyLoop 
ret 

iwas that the 0 that ends the string? 
ino, copy another character 

CopyLowercase ENDP 

Subroutine to display a string to the console. 

Input: 
DS:SI - string to display 

Output: None 

Registers destroyed: AH,DL,SI 

DisplayString PROC FAR 
DisplayStringLoop: 

mov dl, [si) 
and dl,dl 
jz DisplayStringDone 
inc si 
mov ah,2 
int 21h 
jmp DisplayStringLoop 

DisplayStringDone: 
ret 

DisplayString ENDP 
Sub Code ENDS 

iget the next character 
iis this the 0 that ends the string? 
iyes, we're done 
ipoint to the following character 

idisplay the character 

Code SEGMENT 
ASSUME 

ProgramStart: 
cld 

PARA PRIVATE 'CODE' 
cs:Code,ds:NOTHING,es:NOTHING,ss:Stack 

imake string instructions increment 
i their pointer registers 

Read a string from the console into InputBuffer. 
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mov ax,SourceDataSeg 
mov es,ax 
ASSUME es:SourceDataSeg 
mov di,OFFSET InputBuffer 
call GetString iread string from the console and 

i store it at ES:DI 

Print a linefeed to advance to the next line. 

mov ah,2 
mov dl,lO 
int 21h 

Copy the string from InputBuffer to OutputBuffer, converting 
it to lowercase in the process. 

push es 
pop ds 
ASSUME ds:SourceDataSeg 
mov ax,DestDataSeg 
mov es,ax 
ASSUME es:DestDataSeg 
mov si,OFFSET InputBuffer 
mov di,OFFSET Output Buffer 
call CopyLowercase 

Display the lowercase string. 

push es 
pop ds 
ASSUME ds:DestDataSeg 
mov si,OFFSET OutputBuffer 
call DisplayString 

Done. 

mov ah,4ch 
int 21h 

Code ENDS 
END ProgramStart 

iCOPY from DS:SI •.. 
i ... to ES:DI. .. 
i ••. making it lowercase 

idisplay string at DS:SI 
i to the console 

1111. Note that, in this example, the subroutines come before the main 
program. This is done in order to avoid forward references, since 
the subroutines and the main program reside in different code 
segments. If the main program came first, you'd have to put FAR 
PTR overrides on each subroutine call because Turbo Assembler 
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can't automatically assemble far forward-referenced jumps. Given 
the way the program is organized, however, all the subroutine 
calls are backward references, so Turbo Assembler can 
automatically generate far calls to the subroutines. 

Otherwise, the program is quite straightforward. The subroutines 
use full segment:offset pointers to data, and the main program 
sets DS and ES to different data segments as needed. Note the use 
of the string instructions when copying the string and converting 
it to lowercase; since LODS defaults to using OS and STOS uses 
ES, these instructions are ideally suited for use in code that must 
access two segments at once. 
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10 

The 80386 and other processors 

So far, we've focused on assembly language programming for the 
8086 processor. (We've also implicitly covered the 8088, which is 
used in the IBM PC and XT, since the 8088 is basically an 8086 
with an 8-bit external data bus.) 

The 8086 is not the only processor Turbo Assembler supports, 
however; there is a whole family of 8086-superset processors, 
known as the iAPx86 family, and a family of math coprocessors 
that are supersets of the 8087, as well. 

The most exciting member of the iAPx86 family is, without a 
doubt, the 80386, which brings minicomputer power to personal 
computers. Nonetheless, each of the members of the iAPx86 
family has interesting enhancements over the basic 8086. 

First, we'll look at the ways in which the 80186 and 80286 
processors extend the capabilities of the 8086. Next, we'll look at 
80386 programming to see how to enable Turbo Assembler's 
80386 features, examine the new segment types used in 80386 
programming, and look at the new registers, addressing modes, 
and instructions of the 80386. After that, we'll examine Turbo 
Assembler's powerful ability to mix 16- and 32-bit instructions 
and segments, and we'll look at some sample 80386 code. Finally, 
we'll take a brief look at the ways in which the 80287 and 80387 
math coprocessors extend the capabilities of the 8087. 
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Switching processor types in assembler code 

For the remainder of this 
chapter, all references made 
to the 8086 apply to the 8088 

oswell. 

410 

Turbo Assembler defaults to supporting the assembly of 8086 
code only. In order for Turbo Assembler to support another 
iAPx86-family processor or coprocessor, you must issue the 
appropriate directive. The following directives tell Turbo 
Assembler what type of processor to support when it's assembling 
code: 

.186 

.286 
.286C 
.286P 

.287 

.386 
.386C 
.386P 

.387 

.8086 
.8087 

These directives can be inserted anywhere in assembler source 
files, and take effect immediately. Multiple processor-type 
directives can be placed in a single source file; at any given point 
in a source file, the last processor type specified is the processor 
type currently selected. 

The .8086 directive can be used anytime to instruct Turbo 
Assembler to return to supporting 8086 assembly only. For 
example, the following function adds two 32-bit values by using 
8086 code, then 80386 code, and finally 8086 code again: 

.MODEL small 
• CODE 

Add32 PROC 

Add32 

mov ax, [bp+4] 
mov dx, [bp+6] 
mov bx, [bp+8] 
mov ex, [bpi 10] 
.386 
shl eax,16 
mov ax,dx 
rol eax,16 
mov dx,cx 
shl edx,16 
mov dx,bx 
add eax,edx 
rol eax,16 
mov dx,ax 
shr eax,16 
.8086 
ret 

ENDP 
END 

;get low half of source 1 
;get high half of source 1 
;get low half of source 2 
;get high half of source 2 
;use 80386 registers for actual addition 

;put 32 bits of source 1 in EAX 

;put 32 bits of source 2 in EDX 

;add source 1 and source 2 

;put high half of result in DX 
;low half of result is in AX 
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The 80186 and 80188 

The 80186 is the iAPx86-family processor most like the 8086. The 
80186 supports all the instructions of the 8086 and adds a few new 
instructions, along with extended forms of some 8086 
instructions. In addition, the 80186 is considerably faster than the 
8086 at many operations, especially memory address calculations, 
so the 80186 runs code written for the 8086 at a significantly 
higher speed than does the 8086. 

The 80188 is program-compatible with the 80186; the only 
difference between the two is that the 80186 has a 16-bit external 
data bus, and the 80188 has an 8-bit external data bus. 

Turbo Assembler support for assembly of 80186 code is enabled 
with the .186 directive. 

For information about 80 186 Next, let's take a look at the new and extended instructions of the 
instructions, see Chapter 3 of 80186. 

the Reference Guide. 

New instructions 
Warningl Before we begin, take note that the 8086 does not recognize any of 

the instructions we're about to discuss. Consequently, any 
program that uses even one of the new or extended instructions of 
the 80186 won't run on an 8086. 

Here are the new 80186 instructions: 

BOUND 
ENTER 

INS 
LEAVE 

OUTS 
POPA 

PUSHA 

PUSHA and POPA PUSHA and POPA provide an efficient means by which to push 
and pop all eight general-purpose registers. PUSHA pushes the 
eight general-purpose registers onto the stack in the order AX, 
CX, DX, BX, SP, BP, 51, DI. POPA pops DI, 51, BP, BX, DX, CX, and 
AX from the stack, reversing the action of PUSHA. SP is not 
popped by POPA; instead, SP is incremented by 16, the length of 
the block of registers pushed on the stack by PUSHA, and the 
value of SP pushed by PUSHA is cleared from the stack by POPA 
and thrown away. The segment registers, the flags, and the 
instruction pointer are not affected by PUSHA or POPA. 

For example, the code 
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Don't forget to use the .186 
directive to enable 80 186 

assembly before using 
80 186-specific Instructions 
such as PUSHA and POPA. 

.186 

SampleFunction PROC 
pusha 

412 

popa 
ret 

SampleFunction ENDP 

preserves all 8 general-purpose registers with just two instruc­
tions, rather than the 16 instructions required to push and pop 
each register separately. 

Be aware that while PUSHA is faster than eight separate PUSH 
instructions, it is slower than three or four pushes; if you only 
need to preserve a few registers, it's best to save just those 
registers with PUSH. The same is true of POPA and POP. 

ENTER and LEAVE ENTER and LEAVE are used to set up and discard stack frames, in 
which passed parameters and local (automatic) variables can be 
accessed relative to BP. ENTER and LEAVE are particularly useful 
when interfacing assembler functions to stack-oriented languages 
such as C. (See Chapters 7 and 8 for information on interfacing 
assembler functions to Turbo C and Turbo Pascal.) 

ENTER preserves the calling routine's BP, sets BP to point to the 
start of the passed parameters (if any) in a new stack frame, 
adjusts SP as needed to allocate room for local variables, and even 
copies a block of pointers to higher-level stack frames into the 
new stack frame if necessary. 

LEAVE undoes everything ENTER does, restoring both BP and SP 
to the state they were in before the corresponding ENTER was 
executed. 

For example, the following function uses ENTER to set up a C­
compatible stack frame with 20 bytes reserved for local variables, 
and uses LEAVE to discard that stack frame and restore the calling 
code's stack frame: 
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SampleFunction PROC 
enter 20,0 

leave 
ret 

SampleFunction ENDP 

The first operand to ENTER is a 16-bit immediate value specifying 
the number of bytes to reserve for local variables in the new stack 
frame. The second operand to ENTER is an 8-bit immediate value 
specifying the nesting level of the function for which the new 
stack frame is being created; basically, this operand specifies the 
number of stack frame pointers to be copied from the calling 
code's stack frame into the new stack frame. 

1111" A RET instruction is required after LEAVE in order to return to 
the calling code; LEAVE discards the current stack frame, but does 
not perform a return. 

Warningl ENTER and LEAVE do not preserve any of the calling code's 
registers; PUSH and POP or PUSHA and POPA should be used for 
this purpose. 

BOUND BOUND checks that a 16-bit value is within a signed range 
specified by two adjacent words of memory, with the upper 
bound stored at the address immediately above the lower bound. 
Both bounds are treated as signed values, so a maXimum range of 
-32,768 to +32,767, inclusive, can be specified. Values matching 
the upper and lower bounds are considered to fall within the 
specified range. 

BOUND is generally used to guard against attempts to access 
before the beginning or past the end of an array. For example, this 
code checks whether BX is in the range a to 99, inclusive, before 
using it as an index into the laO-byte array TestArray . 

• DATA 
TestArrayBounds LABEL DWORD 

DW 0 
DW 99 

TestArray DB 100 DUP (?) 

.CODE 

mov ax,@data 

Chapter 70, The 80386 and other processors 

;lower array bound (inclusive) 
;upper array bound (inclusive) 
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414 

mov ds,ax 

bound bx, [TestArrayBounds] 
mov aI, [TestArray+bx] 

If BX is not in the range, an INT 5 is generated. An interrupt­
handler for INT 5 must, of course, be set up before BOUND can be 
used. 

The first operand to BOUND is the 16-bit general-purpose register 
containing the value to be range-checked. The second operand to 
BOUND is the doubleword containing the range. This doubleword 
contains the signed 16-bit lower bound as its lower word and the 
signed 16-bit upper bound as its upper word. 

Warningl One tricky point about BOUND is that the instruction pointer 
pushed when INT 5 is generated by a failed bounds test points to 
the BOUND instruction that caused the INT 5, not the following 
instruction. If the failing condition is not corrected by the INT 5 
handler before it executes an IRET, the same BOUND instruction 
will generate another INT 5, and so on, indefinitely. Consequently, 
INT 5 handlers for BOUND instructions should either issue a 
message and terminate the program without executing an IRET or 
correct the out-of-range condition before executing an IRET to 
continue. 

INS and OUTS INS and OUTS support efficient data transfer between I/O ports 
and memory. 

INS moves one or more bytes (or words) from an I/O port 
pointed to by DX to a memory array pointed to by E5:DI, 
incrementing DI by 1 (or 2) after each byte (or word) is transferred 
(or decrementing 51 if the direction flag is set). DX is not affected 
by INS. As with all string instructions that write to memory, the 
use of E5 as the destination segment cannot be overridden. 

OUTS moves one or more bytes (or words) from a memory array 
pointed to by D5:51 to an I/O port pointed to by DX, 
incrementing 51 by 1 (or 2) after each byte (or word) is transferred 
(or decrementing 51 if the direction flag is set). DX is not affected 
by OUTS. A segment register other than DS can be selected with a 
segment override prefix. The following code uses INSB to copy a 
block of 300h bytes to memory from I/O port 3000h, then uses 
OUTSB to copy that block of bytes to I/O port 3001h: 
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cld 
mov ax,@data 
mov ds,ax 
mov es,ax 
mov dx,3000h 
mov di,OFFSET Buffer 
mov cx,300h 
rep insb ;copy 300h bytes to buffer from port 
mov dx,3001h 
mov si,OFFSET Buffer 
mov cx,300h 
rep outsb ;copy 300h bytes from buffer to port 

Extended 8086 
instructions The 80186 offers extended versions of several 8086 instructions as 

well: 

Pushing immediate 
values 

IMUL 
PUSH 
RCL 
RCR 

ROL 
ROR 
SAL 

SAR 
SHL 
SHR 

While the 8086 can push register or memory operands only, the 
80186 can push an immediate value as well: 

push 19 

Pushing an immediate value is useful for passing constant 
parameters to functions on the stack. For example, the 8086 code 
for this C call, 

Average(S, 2); 

is this: 

mov ax,2 
push ax 
mov ax,S 
push ax 
call _Average 
add sp,4 

And it can be reduced to this on the 80186: 

push 2 
push S 
call _Average 
add sp,4 
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Shifting and rotating by 
immediate values 

416 

Multiplying by an 
immediate value 

Note that while the 8086 processor does not have a PUSH 
immediate value instruction, Turbo Assembler 2.0's syntax allows 
you to specify such an instruction in your source file. When the 
PUSH instruction is encountered, it's replaced in the object code 
by a 10-byte sequence, which simulates this operation while 
preserving all registers and flags. 

While the 8086 can only rotate or shift by either 1 bit or the 
number of bits specified by the contents of CL, the 80186 can 
rotate or shift by a constant value: 

ror ax,3 
shl dl,7 

This is convenient for performing multi-bit shifts without having 
to load CL with the shift count. For example, the following 8086 
code to multiply AX by 256, 

mov el,S 
shl ax,el 

becomes this on the 80186: 

shl ax,S 

The 8086 can only multiply an 8- or 16-bit register or memory 
operand by AL or AX, placing the result in AX or DX:AX. The 
80186 provides two new forms of multiplication for use when the 
product of a 16-bit multiplication will fit in 16 bits. 

One new form of multiplication multiplies a 16-bit register by a 
16-bit immediate value and stores the result back in the 16-bit 
register. For example, this code multiplies DX by 4 and places the 
product in DX: 

imul dx,4 

The first operand, which can be any 16-bit general-purpose 
register, is both the source of one of the factors and the destination 
for the product. The second operand, which must be a 16-bit 
immediate value, is the other factor. 

The other new form of multiplication multiplies a 16-bit register 
or memory location by a 16-bit immediate value and stores the 
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The 80286 

result in a specified 16-bit register. For example, this code 
multiplies DX by 600h and places the product in CX: 

imul cx,dx,600h 

Similarly, this code multiplies the 16-bit value at [BX+SI+ 1] by 3 
and places the product in AX. 

imul ax, [bxtsitl],3 

The first operand to this form of IMUL is the destination for the 
product. This operand can be any 16-bit general-purpose register. 
The second operand, which can be any 16-bit general-purpose 
register or memory location, is the source of one of the factors. 
The third operand, which must be a 16-bit immediate value, is the 
other factor. 

A bit of thought will show that the first of the new forms of 
multiplication is actually just a subset of the second new form. For 
example, this following code, 

imul si,lO 

is just a shorthand form of 

imul si,si,lO 

The underlying hex code is the same for both new forms of the 
IMUL instruction. Nonetheless, it's convenient to be able to use the 
simpler two-operand IMUL when the same register serves as both 
source and destination. 

1111. With either of the new forms of multiplication, any portion of the 
result that does not fit in 16 bits is lost; if significant bits are lost 
(when the result is a signed value), the carry and overflow flags 
are set. The new forms of multiplication make no distinction 
between signed and unsigned multiplication, since the result is 
only 16 bits long, and the lower 16 bits of the product of both 
signed and unsigned 16-bit by 16-bit multiplies are always the 
same. Consequently, only the IMUL instruction can be used to 
denote the new forms of multiplication. 

The 80286 was the first iAPx86-family processor to eliminate the 
1-MB memory limitation and the first to support memory 
protection and virtual memory. The 80286 provides all the 
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Enabling 80286 

instructions of the 8086 and 80186, and adds a number of 
instructions that support management of a sophisticated memory 
architecture. 

The 80286 has two modes of operation: real mode and protected 
mode. An 80286 operating in real mode is much like an 80186, 
providing exactly the same instruction set and nothing more. This 
is the mode in which 80286-based computers, such as the IBM AT, 
run PC-OOS and applications such as Quattro and Turbo Pascal. 

The memory management features of the 80286 are available only 
in protected mode. And it's only in this mode that multiple 
programs can be run at once without interfering with each other, 
and more than 1 MB of memory can be addressed. This is the 
mode in which 80286-based computers run OS/2. 

Here are the protected-mode instructions of the 80286: 

CLTS LlDT LMSW 
LGDT LLDT L TR 

These 80286 instructions are intended for operating system usage 
only; applications should never need to (or be able to) use 
protected-mode instructions. The use of these instructions and the 
protected mode of the 80286 in general are specialized and 
complex topics that we won't go into in this manual. 

The 80286 adds two new status states to the flags register: the 
nested task bit and the I/O privilege-level field. Like the 
protected-mode instructions, both bits are intended for use by 
systems software only and are of no concern to the applications 
programmer. The 80286 also contains several new registers that 
can be manipulated only with protected-mode instructions, such 
as the Task register, the Machine Status Word register, and the 
Global Descriptor Table register; again, these registers are not 
used by applications, so we will not cover them in this manual. 

assembly Turbo Assembler support for assembly of nonprotected-mode 
80286 code is enabled with the .286 directive. (The .286C directive 
also enables Turbo Assembler support for 80286 instructions, for 
compatibility with earlier assemblers.) 

Note that the .286 directive implicitly enables support for a118086 
and 80186 instructions, since the 80286 supports the full 
instruction set of earlier iAPx86-family processors. 
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For detailed information 
about 80286 Instructions, 
refer to Chapter 3 of the 

Reference Guide. 

The 80386 

Selecting 80386 
assembly. mode 

Support for protected-mode 80286 instructions is enabled with the 
.286P directive. Nonprotected-mode 80286 instructions are 
enabled by the .286P directive as well, just as if a .286 directive 
had been executed. 

One important point about protected-mode 80286 instructions is 
that the 8086 and 80186 do not recognize any of these instructions. 
Consequently, any program that uses protected-mode instructions 
won't run on an 8086 or 80186. However, the 80386 does support 
both the protected-mode and nonprotected-mode instructions of 
the 80286. 

The 80386 processor is a landmark in the evolution of the 
microcomputer, providing new and extended instructions, an 
expanded set of 32-bit registers, linear segments up to 4 gigabytes 
long, the ability to emulate multiple 8086 processors 
simultaneously, a barrel shifter for fast shifts and rotates, paged 
memory, higher clock speeds than any previous iAPx86-family 
processor (resulting in faster execution), and more. As you might 
expect, extensions to 8086/80186/80286 assembly language are 
needed to support the full power of the 80386. Turbo Assembler 
provides a full set of 80386 extensions, supporting all modes and 
features of the 80386. 

The 80386 is a remarkably sophisticated processor-orders of 
magnitude more complex than the 8086-so we can't cover the 
many aspects of programming the 80386. We can, however, take a 
look at the 80386 support built into Turbo Assembler. 

As with the 80286, there are two sorts of 80386 instructions, 
privileged and non-privileged. Any program can execute non­
privileged instructions, while only programs executing at a 
current privilege level of 0 (the most-privileged level) can execute 
privileged instructions. The privileged instructions of the 80386 
are a superset of the 80286's privileged instructions and, like 80286 
privileged instructions, are intended for operating system use 
only. 

Support for non-privileged 80386 instructions is enabled with the 
.386 directive. (The .386C directive enables Turbo Assembler 
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support for 80386 instructions for compatibility with earlier 
assemblers.) 

1111" The .386 directive implicitly enables support for all 8086 and 
80186 instructions and all 80286 non-privileged instructions, since 
the 80386 supports the full instruction set of earlier iAPx86-family 
processors. 

New segment 

Support for privileged 80386 instructions is enabled with the 
.386P directive. Non-privileged 80386 instructions are enabled by 
the .386P directive as well, just as if a .386 directive had been 
executed. Since the 80386 supports all privileged instructions of 
the 80286, the .386P directive implicitly enables support for all 
80286 privileged inshuctions. 

types The ability of the 80386 to support either 80286-style 64K 
segments or linear segments up to 4 gigabytes (GB) in length 
requires two new segment types, USE16 and USE32. 

A 16-bit offset, either stored in a base or index register (BX, 51, DI, 
or BP) or used as a direct addressing offset, is all that's needed in 
order to point to any location in a 64K segment. This is the mode 
of operation of the 80286 (and the 8086). 80386 segments that have 
a maximum length of 64K are given a use type of USE16, as 
follows: 

.386 

DataSeg SEGMENT USEl6 
Varl DW ? 
Ptrl DW Varl 
DataSeg ENDS 

CodeSeg SEGMENT USEl6 
ASSUME cs:CodeSeg 
mov ax,DataSeg 
mov fs, ax 
ASSUME fs:DataSeg 
mov [Varl],O 
mov bx, [Ptrl) 
inc WORD PTR fs:[bx] 

CodeSeg ENDS 

;set Varl to zero 
;load a l6-bit pointer to Varl 
;increment Varl 
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Note the use of FS, one of the two new extra segments (along with 
GS) available on the 80386. 

Note also that an offset stored in any of the 80386's eight general­
purpose 32-bit registers can be used to address a USE16 segment, 
as long as the magnitude of the offset doesn't exceed OFFFFh 
(65535). 

A 32-bit offset, stored in any of the eight general-purpose 32-bit 
registers or used as a direct addressing offset, is needed to point 
to any given location in a 4 GB segment. 80386 segments that have 
a maximum length of 4 GB are given a use type of USE32, as 
follows: 

.386 

BigDataSeg SEGMENT USE32 
Varl DW ? 

Ptrl DD Varl 
BigDataSeg ENDS 

CodeSeg SEGMENT USEl6 
ASSUME cs:CodeSeg 
mov ax,BigDataSeg 
mov fs,ax 
ASSUME fs:BigDataSeg 
mov [Varl],O 
mov eax, [Ptrl] 
inc WORD PTR fs: [eax] 

CodeSeg ENDS 

iset Varl to zero 
iload 32-bit pointer to Varl 
iincrement Varl 

Note the use of EAX as a pointer register; the 80386 allows all 
eight general-purpose 32-bit registers (EAX, EBX, ECX, EDX, ES1, 
ED1, EBP, and ESP) to be used as either base or index registers, as 
discussed in 'New addressing modes" on page 431. 

The SMALL and LARGE operators can be used to override the 
default offset size of a given operand. SMALL forces the use of a 
16-bit offset, and LARGE forces the use of a 32-bit offset. For 
example, 

.386 

CodeSeg SEGMENT USEl6 
ASSUME cs:CodeSeg 
mov ax,DataSeg 
mov ds,ax 
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See • New addressing 
modes· on page 431. 

ASSUME ds:DataSeg 
mov ax, [LARGE TestLoc] 

CodeSeg ENDS 

DataSeg SEGMENT USE32 
TestLoc DW 0 
DataSeg ENDS 

successfully makes a forward reference to TestLoc (even though 
TestLoc is in a USE32 segment> by using LARGE to force the 
reference to TestLoc to be performed with a 32-bit offset. Without 
the LARGE override, an error would be generated, since the 
assembler assumes 16-bit offsets for forward references made 
within the USE16 segment CodeSeg. 

The action of SMALL and LARGE is actually a bit more subtle than 
a simple selection between 16- and 32-bit offset size. SMALL 
instructs Turbo Assembler to assemble a given instruction for use 
with the 8086's 16-bit addressing modes, which are inherently 
capable of addressing only 64K of memory. LARGE, on the other 
hand, instructs Turbo Assembler to assemble a given instruction 
to use the 80386's new 32-bit addressing modes, which are capable 
of addressing 4 GB of memory. 

For example, the code 

.386 

CodeSeg SEGMENT USE16 

mov ax, [SMALL ebxtesitl] 

CodeSeg ENDS 

assembles to 

mov ax, [bxtsitl] 

Here, SMALL told Turbo Assembler to use an 8086-style 16-bit 
addressing mode, so instead of EBX and E5I, the assembled code 
uses BX and 51. However, the code 

.386 
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Simplified segment 
directives and 80386 

segment types 

CodeSeg SEGMENT USE16 

mov ax, [SMALL eax+ecx+lj 

CodeSeg ENDS 

will not assemble, since EAX+ECX+ 1 is not a valid 16-bit memory 
addressing mode. (On the other hand, EAX+ECX+ 1 is a valid 32-
bit memory addressing mode, as you will see in the section ''New 
addressing modes.") 

Take a look at the section, "Mixing 16-bit and 32-bit instructions 
and segments," on page 446 for more information about SMALL 
and LARGE and for information regarding the interaction of small 
and large operators with USE16 and USE32 segments. The issue 
of selection between USE32 and USE16 segments is also covered 
in that section. 

One important implication of the selection of USE16 or USE3~ 
segments concerns the size of indirect jumps. You'll find out 
about this in the section entitled "The 32-bit instruction pointer" 
(page 428). 

If neither USE32 nor USE16 is specified in a segment definition, 
USE32 is always assumed when assembling for the 80386. 

If you use both .386 and the simplified segment directives, 
segments default to DWORD alignment. This makes sense, given 
that 80386-based computers run fastest with doubleword-aligned 
data. 

When you use the simplified segment directives, Turbo 
Assembler generates USE32 segments if .386 is given before the 
.MODEL directive, and USE16 segments if .386 is given after the 
.MODEL directive. For example, this code creates 32-bit code and 
data segments: 

.386 

. MODEL large 

. DATA 

. CODE 

while this code creates 16-bit code and segments: 

. MODEL large 
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The FWORD 48-bit data 
type 

424 

.386 

. DATA 

• CODE 

An interesting point about USE32 segments is that the size of a far 
pointer (that is, a full segment:offset pointer) to a location in a 
USE32 segment is 6 bytes rather than the customary 4 bytes 
because offsets in USE32 segments are 32 bits in size. For 
example, with a USE16 segment, a far pointer to an 8000h-byte 
buffer Buffer is stored in 4 bytes and loaded as follows: 

.386 

DataSeg 
Buffer 
BufferPtr LABEL 

DataSeg 

DW 
DW 

SEGMENT USE16 
DB 8000h DUP (?) 

miORO 
OFFSET Buffer 
SEG Buffer 
ENDS 

CodeSeg SEGMENT USE16 
ASSUME cs:CodeSeg 
mov ax,DataSeg 
mov ds,ax 
ASSUME ds:DataSeg 
les bx,[BufferPtr] ;load ES:BX with 16-bit segment 

; and 16-bit offset of Buffer 

CodeSeg ENDS 

With a USE32 segment, on the other hand, a far pointer to Buffer is 
stored in 6 bytes and loaded as follows: 

.386 

DataSeg SEGMENT USE32 
Buffer DB 8000h DUP (?) 
BufferPtr LABEL FWORO 

DD OFFSET Buffer 
DW SEG Buffer 

DataSeg ENDS 

CodeSeg SEGMENT USE32 
ASSUME cs:CodeSeg 
mov ax,DataSeg 
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mov ds,ax 
ASSUME ds:DataSeg 

les ebx, [BufferPtr] ;load ES:EBX with 16-bit segment 
; and 32-bit offset of Buffer 

CodeSeg ENDS 

1111" Note the use of the new FWORD data type. FWORD values are 6 
bytes long. FWORD PTR operators can be used just like BYTE 
PTR, WORD PTR, and DWORD PTR operators. 

New registers 

19s esi,FWORD PTR [BufferPtr] 

There is also a new directive, OF, for defining 6-byte variables: 

.386 

DataSeg SEGMENT USE32 
FPtr OF ? 

DataSeg ENDS 

CodeSeg SEGMENT USE32 
ASSUME cs:CodeSeg 
mov ax, DataSeg 
mov ds,ax 
ASSUME ds:DataSeg 
mov eax,OFFSET DestinationFunction 
mov DWORD PTR [FPtr],eax 
mov ax,SEG DestinationFunction 
mov WORD PTR [FPtr+4],ax 
jmp [FPtr] 

CodeSeg ENDS 

The 80386 extends the general-purpose registers, flags register, 
and instruction pointer of the 8086 to 32 bits in size, and adds two 
new segment registers. Figure 10.1 shows the register set of the 
80386; the 80386 extensions to the basic 8086 register set are 
shaded. 

In addition, the 80386 contains several special registers, some new 
and some compatible with the 80286, that can be manipulated 
only with privileged instructions. As with the 80286, these 
registers are used only by systems software, so we won't cover 
them in this manual. 
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Figure 10.1 
The registers of the 

80386 
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Segment 
Registers 

Let's examine the new registers of the 80386. 

The 32-bit general- The 32-bit versions of the general-purpose registers are called 
purpose registers EAX, EBX, ECX, EDX, ESI, EDI, EBP, and ESP. The lower 16 bits 

of these registers form the 8086's set of 16-bit registers we've come 
to know so well; for example, the lower 16 bits of EAX are register 
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AX. Similarly, the lower 8 bits of EAX are register AL. 
Consequently, portions of register EAX may now be referred to by 
four different names: the 32-bit EAX register, the 16-bit AX 
register, and the 8-bit AH and AL registers. The same is true of 
EBX, ECX, and EDX. 

The 32-bit general-purpose registers of the 80386 are used in the 
same way as the 16- and 8-bit registers. For example, this code 
stores 1 in EAX, sets EBX to 0, and adds EAX to EBX: 

rnov eax,l 
sub ebx,ebx 
add ebx,eax 

The 32-bit general-purpose registers can be used wherever the 
familiar 16-bit registers can be used. 

There is one slight shortcoming in accessing 32-bit registers: 
There's no way to use the upper 16 bits of a 32-bit register diiectly 
as a 16-bit register. If you want to use the upper 8 bits of AX as a 
register, you can just refer to AH; and if you want to use the lower 
16 bits of ESI as a register, you can just refer to SI. But there's no 
equivalent way to refer to the upper 16 bits of, say, EAX. This can 
be a nuisance when you're working with a mixture of word- and 
doubleword-sized values, but there is a reasonable workaround. 

To access the upper 16 bits of a 32-bit register, just rotate the 
register 16 bits in either direction, access the lower 16 bits of the 
register, and rotate the register 16 bits again. For instance, the 
following code loads a 16-bit value into AX, rotates EDX 16 bits to 
swap the high and low words of EDX, moves AX into DX, and 
swaps the high and low words of EDX again. 

rnov ax, [Sarnple16BitValue] 
ror edx,16 
rnov dx,ax 
ror edx,16 

. The net effect: The value initially loaded into AX is ultimately 
moved into the high word of EDX. While this procedure is 
awkward, it is not as slow as it might seem; thanks to the 80386's 
barrel shifter, each ROR instruction takes only three cycles to 
execute. 
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The 32-bit flags register 

428 

The 32-bit instruction 
pointer 

The lower word of the 80386's flags register is identical to the 
80286's flags register. The upper 16 bits of the 80386's flags register 
contains two new flags. One of the new flags indicates whether 
the 80386 is currently executing as a virtual 8086, and the other 
new flag is intended for use in writing debugging tools. These 
flags are generally not used by applications software. 

The 80386's instruction pointer is 32 bits in size, in contrast to the 
8086's 16-bit instruction pointer. This extended instruction pointer 
supports code segments up to 4 GB in length. 

The 80386's extended instruction pointer creates some 
complications in specifying indirect jumps via memory. For 
example, the following code clearly specifies a far indirect jump 
with a 16-bit segment and a 32-bit offset: 

jmp [FWORD PTR JumpVector] 

Consider the following, however: 

jmp [OWORD PTR JumpVector] 

Is this a near 32-bit indirect jump or a far indirect jump with a 16-
bit segment and a 16-bit offset? Either type of jump may 
legitimately be specified with a DWORD operand. 

Here's where the LARGE and SMALL operators come in handy. 
The construct 

jmp SMALL [OWORD PTR JumpVector] 

assembles as a far indirect jump to the address specified by the 
16-bit segment and 16-bit offset stored at /umpVector, and 

jmp LARGE [OWORD PTR JumpVector] 

assembles as a near indirect jump to the address specified by the 
current CS and the 32-bit offset stored at /umpVector. In the first 
case, the SMALL operator instructs Turbo Assembler to treat the 
jump as if it were occurring from a USE16 segment; in USE16 
segments, 32-bit indirect jump operands consist of a 16-bit 
segment and a 16-bit offset. In the second case, the LARGE 
operator instructs Turbo Assembler to treat the jump as if it were 
occurring in a USE32 segment; in USE32 segments, 32-bit indirect 
jump operands consist of 32-bit offsets only. 
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1111., Note that SMALL and LARGE appear outside the brackets in the 
preceding examples; the positioning of SMALL and LARGE is 
significant. When SMALL and LARGE appear outside the 
brackets, they affect the operand size, in this case, the size of the 
jump. When SMALL and LARGE appear inside the brackets, they 
affect the address size. For example, this code instructs Turbo 
Assembler to use a near 32-bit offset to point to lumpVector, but 
does not tell Turbo Assembler whether to treat the value stored at 
lump Vector as a near 32-bit offset or a far 16-bit segment and 16-bit 
offset combination: 

jrnp [LARGE DWORD PTR JurnpVector] 

50 this does not resolve the original problem of determining the 
type of the jump. 

1111., LARGE and SMALL can be used both inside and outside the 
brackets in a single expression. For instance, this code specifies a 
far indirect jump to the 16-bit segment and 16-bit offset address 
stored at the doubleword variable lumpVector, which is itself 
addressed with a near 32-bit offset: 

jrnp SMALL [LARGE DWORD PTR JurnpVector] 

New segment registers The 80386 adds two new segment registers, FS and G5 to the four 
segment registers supported by the 8086. The two new segment 
registers are not dedicated to any particular function, and no 
instructions or addressing modes access FS or G5 by default. 
Consequently, the use of FS or G5 is never required, but they can 
be handy for code that accesses data in several segments at once. 

FS and GS are used just as E5 is used for nonstring instructions, 
by means of a segment override prefix. The override prefix may 
be explicit: 

.386 

TestSeg SEGMENT USEl6 
SCRATCH_LEN EQU lOOOh 
Scratch DB SCRATCH LEN DUP (?) 
TestSeg ENDS 

CodeSeg SEGMENT USEl6 
ASSUME cs:CodeSeg 
rnov ax,TestSeg 
rnov fs,ax 
rnov bx,OFFSET Scratch 
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rnov cx,SCRATCH_LEN 
rnov al,O 

Clear Scratch: 
rnov fs: [bx] , al 
inc bx 
loop ClearScratch 

CodeSeg ENDS 

or implicit, by way of an ASSUME directive: 

.386 

TestSeg SEGMENT USE16 
SCRATCH_LEN EQU lOOOh 
Scratch DB SCRATCH LEN DUP (?) 
TestSeg ENDS 

CodeSeg SEGMENT USE16 
ASSUME cs:CodeSeg 
rnov ax,TestSeg 
rnov gs,ax 
ASSUME gs:TestSeg 
sub bx,bx 
rnov cx,SCRATCH_LEN 
rnov al,O 

Clear Scratch: 
rnov [Scratch+bx],al 
inc bx 
loop Clear Scratch 

CodeSeg ENDS 

In the last example, the directive ASSUME GS:TestSeg told Turbo 
Assembler to insert an override prefix automatically on each 
access by name (as opposed to access by pointer register) to 
variables in TestSeg, so you didn't have to type the override prefix 
explicitly. The override prefix is, however, still there in the 
executable code, adding an extra byte to the size of each 
instruction that accesses memory by way of the FS or GS register. 
Consequently, whenever possible, it's preferable to use the DS 
register (or the ES register as the destination of a string 
instruction) instead of the FS or GS register. 
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New addressing 
modes The 80386 supports all the memory addressing modes of the 8086, 

80186, and 80286, and adds a set of powerful new addressing 
modes as well. Any of the eight 32-bit, general-purpose registers 
of the 80386 may be used as a base register, and any 32-bit, 
general-purpose register other than 5P may be used as an index 
register. By contrast, the 8086 allows only BX and BP to be used as 
base registers, and only 51 and 01 to be used as index registers. 

For example, suppose that EDI contains 1oo00h and EAX contains 
4. Then the following code is a perfectly legal instruction on the 
80386, incrementing the byte at offset 10006h (lOooOh + 4 + 2) in 
the segment pointed to by os: 

inc BYTE PTR [editeaxt2] 

Here's another example of the 80386's new addressing capabilities: 

mov ecx, [espt4] 
mov ebx, [espt8] 
mov WORD PTR [ecxtebx],O 

The 80386 can do still more in the new addressing modes, 
however. The index register can be multiplied by 2, 4, or 8 as part 
of the calculation of the memory address, simply by placing *2, *4, 
or *8 after the index register, a feature known as index scaling. For 
instance, the ninth doubleword-sized entry in the table 
DwordTable can be loaded into EAX with this code: 

mov ebx,8 
mov eax, [DwordTabletebx*4] 

which is equivalent to 

mov ebx,8 
shl ebx,2 
mov eax, [DwordTabletebx] 
shr ebx,2 

Index scaling can be extremely useful for accessing elements in 
word, doubleword, and quad word arrays. For example, consider 
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the following code, which sorts the elements in a word array in 
ascending order: 

.386 

CodeSeg SEGMENT USE32 
ASSUME cs:CodeSeg 

Sorts a word array in ascending order. 

Input: 
DS:EBX - pointer to start of word array to sort 
EDX - 1ength of array in word elements 

Registers destroyed: 
AX, ECX, EDX, ESI, EDI 

SortWordArray PROC 
and edx,edx 
jz EndSortWordArray 
mov esi,O 

SortOnNextWord: 
dec edx 
jz EndSortWordArray 
mov ecx,edx 

mov edi,esi 

CompareToAIIRemainingWords: 

icompare element 0 to all other 
; elements first 

;count down number to compare 

;number of elements to compare 
; this element against 
;compare this element to all 
; remaining elements 

inc edi ;index of next element to compare 
mov ax, [ebx+esi*2] 
cmp ax, [ebx+edi*2] 

jbe NoSwap 
xchg ax, [ebx+edi*2] 
mov [ebx+esi*2],ax 

NoSwap: 

;is the current element less 
; than the compared element? 
;yes, no need to swap them 
;swap the current and 
; compared elements 

loop CompareToAllRemainingWords 
inc esi ;point to next element to compare 

; to all remaining elements 
jmp SortOnNextWord 

EndSortWordArray: 
ret 

SortWordArray ENDP 

CodeSeg ENDS 
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Sortlt\brdArray keeps the element numbers, or indexes, of the 
current and compared elements in ES1 and ED!. These values are 
not pointers, or counts by two, even though the array is a word 
array; rather, they are simple scalar array indexes, just as n is an 
array index in the C statement 

i = Array[n]i 

The key in SortWordArray is that the index scaling feature of the 
80386 allows you to multiply the indexes by two as part of the 
memory addressing field, thereby converting the indexes to 
offsets into a word array. 

1111" If only one register is used to address memory, that register is 
always considered to be the base register. If two registers are used 
to address memory, the leftmost register inside the brackets is 
considered the base register, and the rightmost register is 
considered the index register. If, however, scaling is used with <:>ne 
of two registers inside the brackets, the scaled register is always 
considered to be the index register. 

The question of which register is the base register is important 
because by default the base register controls the segment to which 
a given memory access refers. Memory accesses made with EBP 
or ESP as the base register refer to the segment pointed to by 55, 
while memory accesses made with EAX, EBX, ECX, EOX, ES1, or 
E01 as the base register refer to the segment pointed to by OS. For 
example, the following instructions refer to OS: 

mov aI, [eax] 
xehg edx,[ebx+ebp] 
shr BYTE PTR [esi+esp+2],1 
mov [ebp*2+edx],ah 
sub ex, [esi+esi*2] 

and the following instructions refer to 55: 

rol WORD PTR [ebp],l 
dee DWORD PTR [esp+4] 
add ax, [eax*2+esp] 
mov [ebp*2],edi 

The default segment selected by the base register can be 
overridden with either an explicit segment override prefix or as 
the result of an ASSUME directive. For example, 

.386 

TestSeg SEGMENT USE32 
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New instructions 
For detailed information 

about 80386 instructions, see 
Chapter 3 In the Reference 

Guide. 
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Arrayl DW 100h DUP (0) 
TestSeg ENDS 

CodeSeg SEGMENT USEl6 
ASSUME cs:CodeSeg 
mov ax,TestSeg 
mov fs,ax 
ASSUME fs:TestSeg 
mov dx, [ebx+Arrayl] 

mov esi,OFFSET Arrayl 
mov cx,lOOh 

IncLoop: 
inc WORD PTR fs:[esi] 
inc esi 
inc esi 
loop IncLoop 

CodeSeg ENDS 

;implicit override as a result of 
; ASSUME 

;explicit override 

The new addressing modes of the 80386 work with 32-bit . 
memory-addressing registers only; 16-bit registers can only be 
used for memory addressing in the same limited way that they 
are on the 8086. For example, the following MOV instruction is 
illegal, even on an 80386: 

mov ax, [cx+dx+lOh] 

Index scaling of 16-bit registers is also not allowed. And 16- and 
32-bit registers can't be combined for memory-addressing 
purposes; so, for example, this code cannot be used: 

add dx, [bx+eax] 

Next, we're going to take a look at the new and extended 
instructions of the 80386. 

Keep in mind that the 8086,80186, and 80286 do not recognize 
any of the new and extended instructions we're about to discuss. 
Consequently, any program that uses the new or extended 
instructions of the 80386 won't run on earlier processors. 

Here are the new instructions of the 80386: 

BSF 
BSR 

BTR 
BTS 

LFS 
LGS 

MOVZX 
SETxx 
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BT 
BTC 

CDa 
CWDE 

LSS 
MOVSX 

SHLD 
SHRD 

Testing bits The bit-test instructions of the 80386 are BT, BTC, BTR, and BTS. 
BT is the basic bit-test operation, copying the value of a specified 
bit into the carry flag. For example, the following code jumps to 
Bit3Isl only if bit 3 of EAX is nonzero: 

bt eax,3 
jc Bit3Isl 

Bit3Isl: 

If EAX contains 0OO00008h, this code will jump to Bit3Isl; if EAX 
contains OFFFFFFF7h, the preceding code will not jump. The first 
operand to BT is the 16- or 32-bit, general-purpose register or 
memory location containing the bit to test. The second operand is 
the bit number to test, specified by either an 8-bit immediate 
value or the contents of a 16- or 32-bit, general-purpose register. If 
a register is used as the second operand, its size must match the 
size of the first operand. 

Note that the number of the bit to test can be specified by a 
register as well as an immediate value, and the field to be bit­
tested can be in memory as well as in a register. Here's a valid way 
to set the carry flag to the state of bit 5 of the word at the address 
Table+ebx+esi .. 2: 

mov ax,S 
bt WORD PTR [Tabletebxtesi*2],ax 

Remember that bit numbers are counted from zero at the least­
significant bit up to the most-significant bit. If AL contains 80h, 
then bit 7 of AL is set. 

BTC is exactly like BT except that the value copied to the carry 
flag is the complement of the specified bit. That is, the carry flag is 
1 if the specified bit is 0, and the carry flag is 0 if the specified bit 
is 1. BTC saves the need for a CMC instruction whenever a carry 
status is required that is the inverse of the bit under test. ' 

BTR is also just like BT except that the specified bit is set to 0 after 
its value is copied to the carry flag. Similarly, BTS sets the 
specified bit to 1 after its value is copied to the carry flag. These 
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bit-test instructions are useful for both testing and setting the 
status of a flag in a single indivisible instruction. (By indivisible, 
we mean that it is impossible for an interrupt to occur between 
the testing of the flag and the setting of the flag to the new value.) 

Scanning bits The BSF and BSR instructions of the 80386 are useful for finding 
the first or last bit that is nonzero in a word or dword operand. 
BSF scans the source operand, starting with bit 0 (the least­
significant bit), for the first bit that is nonzero. If all bits in the 
source operand are zero, the zero flag is cleared; otherwise, the 
zero flag is set and the bit number of the first nonzero bit found is 
loaded irtto the destination register. 

As an example, this code uses BSF to locate the first (least­
significant) nonzero bit in DX; since the first nonzero bit in DX is 
located at bit 2, a 2 is loaded into CX. 

mov dx,OOOllOlOlOlOllOOb 
bsf cx,dx 
jnz AIIBitsAreZero 
shr dx,cl 

AllBit sAreZero: 

CL is then used as the value to shift DX by, with the result that DX 
is shifted to the right by exactly the amount needed to move the 
least-significant nonzero bit to bit O. 

The second operand to BSF is the 16- or 32-bit, general-purpose 
register or memory location to scan, and the first operand is the 
16- or 32-bit, general-purpose register in which to store the 
number of the first nonzero bit in the scanned data. Both 
operands must be the same size. 

BSR is similar to BSF except that BSR scans from the most­
significant bit of the source operand toward the least-significant 
bit. In this example, the index of the most-significant nonzero bit 
in TestVar,27, is placed in EAX: 

TestVar DD OFFFFFOOh 

bsr eax, [TestVar] 
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Moving data with sign­
or zero-extension 

Converting to DWORD 
or QWORD data 

MOVZX and MOVSX allow you to copy an 8- or 16-bit value into a 
. 16- or 32-bit, general-purpose register without wasting 

instructions on extending the value to the destination size. 
MOVZX pads out the most-significant bits of the destination with 
zeros, while MOVSX sign-extends the value to the destination's 
size. Both instructions are used just like a standard MOV. 

For example, with 8086 instructions, the following is required to 
copy an unsigned value in DL to BX: 

mov bl,dl 
sub bh,bh 

while on the 80386, the single instruction 

movzx bx,dl 

does the job. Sign-extension is even tougher with 8086 
instructions. To copy the signed byte-memory variable TestByte to 
DX without MOVSX, the following is required: 

mov aI, [TestByte] 
cbw 
mov dx,ax 

but MOVSX does the job with just one instruction: 

movsx dx, [TestByte] 

MOVZX and MOVSX can also move 8-bit values to 32-bit registers: 

movsx eax,al 

The 8086 provides the CBW and CWO instructions for converting 
signed byte values in AL to signed words, and signed word 
values in AX to signed doublewords, respectively. The 80386 adds 
two more signed conversion instructions, CWDE and COQ, which 
make good use of the 80386's 32-bit registers. 

CWDE converts a signed word value stored in AX into a signed 
doubleword value, just as CWO does. The difference between the 
two is that while CWO places the 32-bit result in DX:AX, CWOE 
places the 32-bit result in EAX, where it can readily be 
manipulated by the 80386's 32-bit instructions. 
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For example, the end result of 

mov ax,-l 
ewde 

is the 32-bit value -1 in EAX. 

CDa converts a signed doubleword value in EAX into a signed 
quad word (8-byte) value in EDX:EAX. The code 

mov eax,-7 
edq 

stores the value -7 in the 64-bit register pair EDX:EAX, with the 
high doubleword of the result, OFFFFFFFFh, stored in EDX, and 
the low doubleword of the result, OFFFFFFF9h (-7), stored in EAX. 

Multiple-word shifts-for example, shifting a 32-bit value 4 bits to 
the left-are a nuisance on the 8086, since each word must be 
shifted one bit at a time, with bits flowing one by one from one 
register to the next through the carry flag. The SHRD and SHLD 
instructions of the 80386 remedy this situation by supporting 
multiple-bit shifts across two registers, or between a register and a 
memory location. 

For example, suppose a 32-bit value is stored in DX:AX on an 
8086. The following is required to shift that 32-bit value left 
(toward the most-significant bit) by four bit positions: . 

shl ax,l 
reI dx,l 
shl ax,l 
rc1 dx,l 
shl ax,l 
rcl dx,l 
shl ax,l 
rc1 dx,l 

On an 80386, the same result can be accomplished with just two 
instructions: 

shId dx,ax,4 
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Setting bytes 
conditionally 

shl ax,4 

(Of course, the whole 32-bit value could simply have been stored 
in EAX and shifted with 

shl eax,4 

but the example code was intended to illustrate the advantage of 
using SHLD rather than 8086 instructions.) 

The first operand to SHLD is the 16- or 32-bit, general-purpose 
register or memory location to shift; the second operand is the 16-
or 32-bit, general-purpose register to shift bits in from; and the 
third operand is the number of bits to shift by. The sizes of the 
first and second operands must match. The third operand may be 
either an immediate value or CL; in the latter case, the destination 
is shifted the number of bits specified by CL. 

SHRD is much like SHLD, but shifts from the most-significant bit 
toward the least-significant bit. In this example, the 64-bit value 
stored in TestQV\brd is shifted right by 7 bits: 

mov el,7 
mov eax,DWORD PTR [TestQword+4] 
shrd DWORD PTR [TestQword],eax,cl 
shr eax,el 
mov DWORD PTR [TestQword+4],eax 

A common application for conditional tests and jumps is to set a 
memory location to reflect a certain status. For instance, you may 
want to set flags to indicate whether two variables are equal, 
whether a pointer is null, or whether the carry flag was set by a 
previous operation. The 8086 is less than ideal for such 
operations, since multiple instructions (including time-wasting 
jumps) are required to set a flag to reflect the results of a 
conditional test. The 80386 provides the powerful group of SET 
instructions to speed such test-and-set cases. 

For example, imagine that you want to set the memory variable 
TestFlag only if the most-significant bit of AX is set. On the 8086, 
you would have to do the following: 

mov [TestFlag],O iassume the MSB isn't set 
test ah,80h 
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jz MSBNotSet 
mov [TestFlag],l 

MSBNotSet: 

On the 80386, all you need do is this: 

test ah,80h 
setnz [TestFlag] 

and TestFlag will be set to 1 if bit 7 of AH is 1, and to 0 if bit 7 of 
AHisO. 

You can test any of the familiar jump conditions with a SET 
instruction: SETNC sets the destination to 1 if the carry flag is 0 
and resets the destination to 0 if the carry flag is 1; SETS sets the 
destination if the sign flag is 1 and resets it if the sign flag is 0; and 
so on. The operand to a SET instruction may be an 8-bit, general­
purpose register or an 8-bit memory variable; 16- and 32-bit 
operands are not permitted. 

Loading SS, FS, and GS The 8086 instruction LOS allows you to load both DS and one of 
the general-purpose registers from memory with a single 
instruction, thereby setting up a far pointer very efficiently. LES 
provides a similar capability, but loads ES instead of D5. The 
80386 adds three new instructions for loading far pointers: LSS, 
LFS, and LGS, which load far pointers based on the 55, FS, and 
G5 segment registers, respectively. 

440 

For example, this loads a far pointer to the video bit map at 
AOOO:OOOO into GS:BX: 

DataSeg SEGMENT USE16 
ScreenPointer LABEL DWORD 

dw 0 
dw OAOOOh 

DataSeg ENDS 

CodeSeg SEGMENT USE16 
ASSUME cs:CodeSeg, ds:DataSeg 
mov ax, DataSeg 
mov ds,ax 

19s bx, [ScreenPointer] 
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Extended 

CodeSeg ENDS 

As with LOS and LES, either small or large far pointers may be 
loaded with LSS, LFS, and LGSi see the section entitled "The 
FWORD 48-bit data type" on page 424 for information about 
small and large far po in ters. 

instructions The 80386 not only adds a number of powerful new instructions 
to the 8086/80186/80286 instruction set, but extends a number of 
existing instructions as well. The extended instructions follow: 

CMPS 
IMUL 
INS 
IRET 
J,A 
JAE 
JB 
JBE 

JC 
JCXZ 
JE 
JG 
JGE 
JL 
JLE 
JNA 

JNAE 
JNB 
JNBE 
JNC 
JNE 
JNG 
JNGE 
JNL 

JNLE 
JNO 
JNP 
JNS 
JNZ 
JO 
JP 
JPE 

JPO 
JS 
JZ 
LOOS 
LOOP 
MOV 
MOVS 

OUTS 
POPA 
POPF 
PUSHA 
PUSHF 
SCAS 
STOS 

In addition, many instructions can handle 32-bit operands on the 
80386, even though their mnemonics haven't explicitly changed. 

Special versions of The 80386 supports special forms of the MOV instruction that 
MOV allow code running at privilege level 0 (the most-privileged level) 

to move data between the 32-bit, general-purpose registers and 
special 80386 registers. Here are the 80386 registers that can be 
accessed in this way: 

CRO 
CR2 
CR3 

DRO 
DR1 
DR2 

DR3 
DR6 
DR7 

TR6 
TR7 

For example, debug register DRO could be loaded with a linear 
address to be trapped on with 

.386P 

mov eax,OFFSET FunctionEntry 
mov drO,eax 

and the system control flags could be loaded from control register 
CRO into EDX with 
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32-bit versions of 8086 
instructions 
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.386P 

rnov edx,crO 

Note that the .386P directive must be in effect in order for Turbo 
Assembler to assemble the special forms of MOV, since they are 
pri vileged instructions. . 

In general, the special 80386 registers that can be accessed by the 
new forms of the MOV instruction are used by systems software 
only, and are not used by applications. 

Many 8086 instructions are extended to take on new 32-bit 
addressing and operand capabilities on the 80386. The following 
code performs a 32-bit subtraction of the 32-bit EBX register from 
the 32-bit variable at address EBP+EAX ,. 8+10h, with 32-bit 
registers used to point to the destination memory location: 

sub DWORD PTR [ebp+eax*8+10h],ebx 

The 32-bit capabilities added to most 8086 instructions don't 
require a new instruction mnemonic; the 32-bit nature of the 
operation is generally indicated by the operands or by the 
segment type the operation occurs in. Several 8086 instructions 
do, however, require new mnemonics in order to support their 
extended 32-bit, 80386 capabilities. We'll look at these instructions 
next. 

New versions of LOOP and JCXZ 

The LOOP, LOOPE, LOOPNE, and JCXZ instructions normally 
operate on the 16-bit CX register. The 80386 provides both 16-bit 
and 32-bit versions of these instructions; the 32-bit versions' 
operate on ECX rather than CX. 

The LOOP, LOOPE, and LOOPNE instructions use either CX or 
ECX as the loop counter, depending on whether the segment they 
are in is a 16-bit or a 32-bit segment. If you want to make sure that 
CX is always used as the loop control register, even in a 32-bit 
segment, use the word form of these instructions: LOOPW, 
LOOPWE, and LOOPWNE. Likewise, if you want to make sure 
that ECX is always used as the loop control register, use the 
double-word form of these instructions: LOOPD, LOOPDE, and 
LOOPDNE. 
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LOOPD decrements ECX and jumps to the destination offset if the 
resulting value is not zero. For example, the following loop is 
executed 80000000h times: 

mov ecx,80000000h 
LoopTop: 

loopd LoopTop 

LOOPDE decrements ECX and jumps to the destination offset 
while the zero flag is 1 and ECX is not zero. (LOOPDZ is another 
form of the same instruction.) Similarly, LOOPDNE decrements 
ECX and jumps to the destination offset while the zero flag is 0 
and ECX is not zero. (LOOPDNZ is equivalent.) For instance, the 
following loop repeats until either the value read from the I/O 
port at DX becomes 09h or the port has been checked 10000000h 
times, whichever comes first: 

mov ecx,lOOOOOOOh 
LoopTop: 

in al,dx 
cmp al,09h 
loopdne LoopTop 
jnz TimedOut 

TimedOut: 

Note that the action of JNZ in this example reflects the result of 
the comparison, not of LOOPDNE, since loop instructions don't 
affect the status flags. The 80386 also provides a version of JCXZ 
suited to 32-bit operations. Where JCXZ jumps if CX is zero, 
JECXZ jumps if ECX is zero. For example, the following loop is 
capable of handling 32-bit counts: 

LoopTop: 
jecxz LoopEnd 

jmp LoopTop 
LoopEnd: 
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New versions of the string InstrucHons 

On the 80386, all string instructions may operate on byte, word, or 
doubleword values. The doubleword versions of the string 
instructions simply end with d rather than the usual w or b. The 
new instructions follow: 

CMPSD 
INSD 
LODSD 

MOVSD 
OUTSD 

SCASD 
STOSD 

Each of these instructions works with 32 bits of data at a time, and 
increments or decrements its associated pointer registers by four 
on each repetition. For example, the following code fragment uses 
MOVSD to copy the two doublewords starting at the offset 
DwordTable to the two doublewords starting at the offset Buffer: 

eld 
mov si,OFFSET DwordTable 
mov di,OFFSET Buffer 
mov ex,2 
rep movsd 

This produces the same result as the following code, which uses 
MOVSB: 

eld 
mov si,OFFSET DwordTable 
mov di,OFFSET Buffer 
mov ex,S 
rep movsb 

1111" One way to think of the doubleword string instructions is that 
their relationship to the word string instructions is similar to that 
of the word string instructions to the byte string instructions. 

IRETD 

IRETD is similar to IRET. It pops EIP, then CS as a doubleword 
(discarding the higher word), then EFLAGS as a doubleword. 
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PUSHFD and POPFD 

PUSHFD pushes the fu1l32-bit flags register of the 80386 onto the 
stack. POPFD pops the fu1l32-bit flags register from the stack. 

By contrast, PUSHF and POPF push and pop only the lower 16 
bits of the flags register. 

PUSHAD and POPAD 

PUSHAD pushes the eight 32-bit general-purpose registers onto 
the stack in the following order: EAX, ECX, EOX, EBX, ESP, EBP, 
ESI, ED!. The value pushed for ESP is the value of ESP at the start 
of the PUSHAD instruction. POPAD pops seven of the eight 32-bit, 
general-purpose registers from the stack, reversing the order of 
PUSHAD so that EOI, ESI, EBP, EBX, EOX, ECX, and EAX can be 
saved with PUSHAD and then restored with POPAD. ESP is not 
restored by POPAD, but instead is incremented by 32 to discard 
the block of the eight 32-bit, general-purpose registers previously 
pushed by PUSHAD from the stack. The previously pushed value 
of ESP is ignored. 

By contrast, PUSHA and POPA push and pop only the lower 16 
bits of the eight general-purpose registers. 

New versions of IMUL In addition to the 8086/80186/80286 forms of IMUL, the 80386 
provides what is perhaps the most convenient form of IMUL yet: 
Any general-purpose register or memory location can be 
multiplied by any general-purpose register with the result stored 
back in one of the source registers. Gone is the need to have one 
of the operands be a constant, or for the accumulator to be the 
destination. For example, .' 

irnul ebx, [edi*4+4] 

multiplies EBX by the doubleword value stored at memory 
address edi *4+4, and stores the result back into EBX. 

As you can see, the first operand to this form of IMUL is the 
destination register; this operand may be any 16- or 32-bit, 
general-purpose register. The second operand may be any 16- or 
32-bit, general-purpose register or memory location. The sizes of 
the two operands must match. The overflow and carry flags are 
set to 1 if the result, considered a signed value, is too large for the 
destination. 
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As you might expect, the 80386 also extends the 8086/80186/ 
80286 forms of IMUL to support 32-bit operands. For example, this 
code multiplies ECX times 10000000h and stores the result in EBP: 

imul ebp,ecx,lOOOOOOOh 

and this multiplies EAX times EBX and stores the result in 
EDX:EAX: 

imul ebx 

Normally, you'll want to have only 16-bit (USE16) segments. Even 
in this case, you can still use the 32-bit registers for arithmetic and 
logical operations. 

You can also use any combination of 16-bit and 32-bit data and 
code segments. Unless you are writing operating system software 
and know exactly what you are doing, there is absolutely no 
reason for you to use 32-bit code segments. Unless you take 
special measures to switch the processor into a mode suitable for 
executing 32-bit code segments, there is no way they'll work 
under DOS. Future operating systems may give you ways to 
meaningfully use 32-bit code segments, but for now, you 
shouldn't use them. 

However, there is no reason why you can't use 32-bit data 
segments in your programs and take advantage of the "flat" 
addressing provided 1;>y the 32-bit registers of the 80386. 

Let's review the key aspects of USE16 and USE32 segments. 
USE16 segments can be a maximum of 64K in length, so any 
location in a USE16 segment can be pointed to with a 16-bit 
address. USE32 segments, on the other hand, can be as long as 4 
GB in length, so a 32-bit address is required to point to an 
arbitrary location in a USE32 segment. 

Clearly, if you need segments longer than 64K, you must use 
USE32. By contrast, there's no case in which you must use USE16 
segments. This may well lead you to wonder why we don't just 
simplify things and use 32-bit segments all the time. The answer 
lies in the way in which the 80386 supports word and 
doubleword operands and 16- and 32-bit offsets. 

The 80386 evolved from the 8086, which uses a single bit to 
distinguish between its only two operand sizes, 8- and 16-bits. 
The 8086 has a single set of memory-addressing modes-the 
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familiar modes involving BX, 51, 01, and BP-supporting 16-bit 
offsets only. This code fragment has an 8-bit operand size and 
uses an 8086-style 16-bit addressing mode to address memory: 

mov aI, [bx+l000h] 

In USE16 code segments, the 80386 normally still uses the same 
bit as does the 8086 to select between 8- and 16-bit operands and 
still uses 16-bit offsets. However, any given instruction in a USE16 
segment may be converted to support 32-bit operands by placing 
an operand-size prefix (066h) before the instruction; in this case, 
the size bit of the instruction selects between 8- and 32-bit 
operands instead of 8- and 16-bit operands. 

Similarly, any given instruction in a USE16 segment may be 
converted to use the 80386's 32-bit addressing modes (a large 
address, as described in the earlier section ''Newadd.ressing 
modes" on page 431) by placing an address-size prefix (067h) 
before the instruction. 

For example, the code assembled from 

.386 

DataSeg SEGMENT USE16 
TestLoc DD 
DataSeg ENDS 

CodeSeg SEGMENT USE16 
mov ax,DataSeg 
mov ds,ax 
ASSUME ds:DataSeg 
db 66h 
mov ax, WORD PTR [TestLoc] 

CodeSeg ENDS 

loads the 4 bytes at TestLoc into EAX, rather than the 2 bytes at 
TestLoc into AX because the operand-size prefix transforms the 
operand size of the instruction to 32 bits. 

Along the same lines, instructions in USE32 code segments 
normally access 8- or 32-bit operands and nonnally use the 32-bit 
addressing modes of the 80386; however, operand-size and 
address-size prefixes can be used to cause individual instructions 
to operate in 16-bit mode (that is, 8086 mode, with word operands 
and/or small addresses), just as if they were in a USE16 segment. 
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In short, the operand-size and address-size prefixes can cause an 
instruction executing in a USE16 code segment to act as if it were 
in a USE32 segment, and can cause an instruction executing in a 
USE32 code segment to act as if it were in a USE16 segment. 

Don't worry about learning to use operand-size and address-size 
prefixes in your 80386 code; the generation of the prefixes 
necessary to use 16-bit features in USE32 segments or 32-bit 
features in USE16 segments is handled by Turbo Assembler 
transparently to the programmer. For example, if you use the 
following instruction in a USE32 code segment, 

mov [bx],ax 

Turbo Assembler automatically prefixes the instruction with ali 
operand-Size prefix and an address-size prefix. We've explained 
the workings of the size prefixes here only so you'll understand 
the key element in selecting between 16- and 32-bit segment sizes: 
the need to minimize the number of size prefixes generated. 

Suppose, for example, that you selected a USE16 segment and 
then only referred to doubleword-sized operands, addressed with 
32-bit addressing modes, such as 

mov eax, [edxtecx*2tl] 

Turbo Assembler would have to generate operand-size and/or 
address-size prefixes for virtually every instruction in your code 
causing the size of your code to balloon and performance to 
suffer. Given a USE32 segment, however, the same code would 
require no size prefixes at all. 

You can now see that the segment-size selection process is a bit 
more complex than it seemed. If you need a segment larger than 
64K, you must select a USE32 segment. If you need a segment 
smaller than 64K, you should select a USE32 segment if you use 
more 32- than 16-bit operands and addressing modes. And you 
should select a USE16 segment if the reverse is true. It's not 
always easy to tell which segment type would be more efficient, 
but you can always assemble your code both ways and see which 
is more compact. 

Now you can also see why the LARGE and SMALL operators are 
sometimes necessary to allow forward references to assemble. 
Since the USE type of the code segment determines the default 
size of address references, forward references are assumed to be 
of the same size as the code segment USE type. LARGE must be 
used for forward references from USE16 code segments to USE32 
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An example 
80386 function 

data segments, and you may want to use SMALL in order to force 
use of 16-bit addressing for forward references from USE32 code 
segments to USE16 data segments. 

Let's look at some sample 80386 code. Desirable as it would be to 
examine a complete 80386 program, that's just not possible right 
now, since there's no widely used 80386-based operating system, 
and therefore no standard way to request memory, accept 
keystrokes, display output, or even terminate a program. Instead, 
let's look at a complete function written in 80386 assembler. 

Our sample function, named CalcPrimes, takes advantage of the 
tremendous length of a USE32 segment to calculate all primes in a 
given range in a very straightforward way; the function simply 
calculates all multiples of all numbers in the range 2 to the 
maximum prime desired, marking every multiple in a single huge 
table as being non-prime. On an 8086, this approach would work 
well only for arrays shorter than 64K, the maximum segment size, 
and would break down entirely at 1 MB, the maximum amount of 
memory the 8086 processor can address. 

By contrast, USE32 segments and 32-bit registers make it possible 
for the 80386 to easily handle a table up to nearly 4 GB in length; 
in fact, the 80386 can, with help from paged memory, even handle 
memory requirements in the terabyte (1000 GB) range! Of course, 
the calculation times for checking such enormous primes would 
be unacceptably long, but that's the point; unlike the 8086 and 
80286, the 80386's memory-addressing architecture is not a 
limiting factor for programs requiring tremendous amounts of 
memory. 

Here's CalcPrimes: 

; Sample 80386 code to calculate all primes between 
; 0 and MAX_PRIME (inclusive). 

; Input: None 

; Output: 
ES:EAX - a pointer to PrimeFlags, which contains a 1 at 
the offset of each number that is a prime and a 0 at 
the offset of each number that is not a prime. 

; Registers destroyed: 
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EAX, EBX 

Based on an algorithm presented in "Environments," 
by Charles Petzold, PC Magazine, Vol. 7, No.2 . 

• 386 

MAX_PRIME EQU 1000000 ;highest I to check for being prime 

SEGMENT USE32 DataSeg 
PrimeFlags 
DataSeg 

DB (MAX_PRIME + 1) DUP (?) 
ENDS 

CodeSeg SEGMENT USE32 
ASSUME cs:CodeSeg 

CalcPrimes PROC 
push ds ;save caller's DS 
mov ax,DataSeg 
mov ds,ax 
ASSUME ds:DataSeg 
mov es,ax 
ASSUME es:DataSeg 

Assume all numbers in the specified range are primes. 

mov al,1 
mov edi,OFFSET PrimeFlags 
mov ecx,MAX_PRIME+l 
cld 
rep stosb 

Now eliminate all numbers that aren't primes by calculating all 
mUltiples (other than times 1) less than or equal to MAX_PRIMES 
of all numbers up to MAX_PRIME. 

mov eax,2 ;start with 2, since 0 & 1 are primes, 
and can't be used for elimination 
of mUltiples 

PrimeLoop: 
mov ebx,eax ;base value to calculate 

all multiples of 
MultipleLoop: 

add ebx,eax 
cmp ebx, MAX_PRIME 

ja CheckNextBaseValue 
mov [PrimeFlags+ebx],0 

jmp MultipleLoop 
CheckNextBaseValue: 

;calculate next mUltiple 
;have we checked all 
; mUltiples of this number? 
;yes, go to next number 
;this number is not prime, since 
; it's a multiple of something 
;eliminate the next mUltiple 
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inc eax 

cmp eax,MAX_PRIME 
jb PrimeLoop 

ipoint to next base value (the 
i next value to calculate all 
i mUltiples of) 
ihave we eliminated all multiples? 
ino, check the next set 

i Return a pointer to the table of prime and non-prime statuses 
in ES:EAX. 

mov eax,OFFSET PrimeFlags 
pop ds irestore caller's DS 
ret 

CalcPrimes ENDP 
CodeSeg ENDS 

END 

Notice how easily the 80386 allows you to handle 32-bit integers 
and an array 1,000,000 bytes in length; in fact, the whole function 
is, remarkably, only 20 bytes in length. CalcPrimes returns, as its 
result, a large far pointer to the table PrimeFlags, in which the 
offset corresponding to each number contains a 1 if that number is 
prime and a 0 if that number is not prime. For example, 
PrimeFlags+3 would be I, since 3 is a prime number, and 
PrimeFlags+4 would be 0, since 4 is not. 

The length of PrimeFlags, and the largest number to be checked as 
to whether it is a prime, are defined by the equated symbol 
MAX_PRIME. It would actually be more practical to have the 
calling routine pass the address of a table of arbitrary size to 
CalcPrimes, along with the largest number to be checked (which 
would presumably also be the length of the table minus 1). 
CalcPrimes could then meet the prime-calculation needs of any 
calling code on the fly, rather than having to be reassembled to 
handle new table sizes. The preceding example uses a local 
PrimeFlags primarily to illustrate the use of USE32. 

A version of CalcPrimes that works with passed table and table 
length parameters follows: 

i Sample 80386 code to calculate all primes between 
i 0 and a specified value (inclusive). 

i Input (assumes a large far call, with 6 bytes of return address 
; pushed on the stack): 

ESP+06h on entry (last parameter pushed) - the 
doubleword value of the maximum number to be checked as 
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to whether it is a prime. 

ESP+OAh on entry (first parameter pushed) - a large far 
(6 byte offset) pointer to the table in which to store a 
1 at the offset of each number that is a prime and a 0 at 
the offset of each number that is not a prime. The table 
must be at least [ESP+06h]+1 bytes in length, where 
[ESP+06h] is the other parameter. 

Output: None 

Registers destroyed: 
EAX, EBX, EDX, ED! 

Based on an algorithm presented in "Environments," 
by Charles Petzold, PC Magazine, Vol. 7, No.2 . 

• 386 

CodeSeg SEGMENT USE32 
ASSUME cs:CodeSeg 

CalcPrimes PROC FAR 
push es 
push fs 

Get parameters. 

mov ecx, [esp+4+06h] 
lfs edx, [esp+4+0ah] 

isave caller's ES 
isave caller's FS 

Assume all numbers in the specified range are primes. 

push fs 
pop es 
mov al,1 
mov edi,edx 
cld 
push ecx 
inc ecx 
rep stosb 
pop ecx 

ipoint ES to table's segment 

isave maximum number to check 
iset up to maximum number, inclusive 

iget back maximum number to check 

Now eliminate all numbers that aren't primes by calculating all 
mUltiples (other than times 1) less than or equal to the 
maximum number to check of all numbers up to the maximum number 
to check 

mov eax,2 ;start with 2, since 0 & 1 are primes, and 
; can't be used for elimination of mUltiples 
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The 80287 

For detailed information 
about 80287 instructions, see 
Chapter 3 in the Reference 

Guide. 

The 80387 

PrimeLoop: 
mov ebx,eax ;base value to calculate all mUltiples of 

MultipleLoop: 
add ebx,eax ;calculate next mUltiple 
cmp ebx,ecx ;have we checked all multiples of number? 
ja CheckNextBaseValue ;yes, go to next number 
mov BYTE PTR fs: [edx+ebxJ,O ;this number is not prime, 

; since it's a mUltiple of 
; something 

jmp MultipleLoop ;eliminate the next multiple 
CheckNextBaseValue: 

inc eax 

cmp eax,ecx 
jb PrimeLoop 
pop fs 
pop es 
ret 

CalcPrimes ENDP 
CodeSeg ENDS 

END 

;point to next base value (the next value 
; to calculate all mUltiples ofl 
;have we eliminated all multiples? 
;no, check the next set of mUltiples 
;restore caller's FS 
;restore caller's ES 

The instruction set of the 80287 math coprocessor is exactly the 
same as the instruction set of the 8087, with one exception. The 
exception is the FSETPM instruction of the 80287, which places 
the 80287 in protected mode. 80287 protected mode corresponds 
to the protected mode of the 80286 processor, with which the 
80287 is normally coupled (although the 80287 is sometimes used 
with the 80386 as well). Of course, any program that uses FSETPM 
will not run on an 8087, since the 8087 doesn't support that 
instruction. 

Turbo Assembler support for 80287 assembly is enabled with the 
.287 directive. 

The instruction set of the 80387 math coprocessor is a superset of 
the 8087 /80287 instruction set. The new instructions of the 80387 
follow: 

FCOS FSINCOS FUCOMP 
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FPREM1 
FSIN 

FUCOM FUCOMPP 

FUCOM performs an unordered compare between ST(O) and 
another 80387 register. This instruction is just like FCOM except 
that the result status is set to unordered if one of the operands is a 
NAN, rather than generating an invalid-operation exception as 
FCOM does in that case. FUCOMP performs an unordered 
compare and pops the 80387's stack, and FUCOMPP performs an 
unordered compare and pops the stack twice. 

FCOS calculates the cosine of the ST(O) register, FSIN calculates 
the sine of the ST(O) register, and FSINCOS calculates the sine and 
cosine of the ST(O) register. 

FPREM1 calculates an IEEE-compatible remainder of ST(O) 
divided by ST(1). 

1111" Don't forget that any program that uses any of these instructions 
will not run on an 8087 or 80287. Also, because the 80387 handles 
real-mode and protected-mode operations in the same way, it 
ignores the FSETPM instruction on the 80287. 

For detailed Information Turbo Assembler support for 80387 assembly is enabled with the 
about 80387 Instructions, see .387 directive. 
Chapter 3 of the Reference 

Guide. 
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1 1 

Turbo Assembler Ideal Mode 

For those of you who are struggling to.make MASM do your 
bidding, this may be the most important chapter in the manual. In 
addition to near-perfect compatibility with MASM syntax, Turbo 
Assembler smooths the bumps and grinds of assembly language 
programming with a MASM derivative we call Ideal mode. 

Among other things, Ideal mode lets you know solely by looking 
at the source text exactly how an expression or instruction 
operand will behave. There's no need to memorize a storehouse of 
knowledge for all MASM's many quirks and tricks. Instead, with 
Ideal mode, you write clear, concise expressions that do exactly 
what you want. 

Ideal mode uses nearly all MASM's same keywords, operators, 
and statement constructions. This means you can explore Ideal 
mode's features one at a time without having to learn a large 
number of new rules or keywords. All Ideal mode features are 
extensions or reorganizations of existing MASM capabilities. 

This chapter describes the features of Ideal mode and explains 
how using Ideal mode's new syntax rules can save you time and 
effort. We'll also discuss in detail all the new capabilities of Ideal 
mode and explain the differences between Ideal and MASM 
syntaxes. 
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What is Ideal mode? 

Turbo Assembler's Ideal mode introduces a new syntax for 
expressions and instruction operands. The new syntax isn't 
radically different from existing MASM syntax; rather, Ideal mode 
is a simpler and cleaner implementation of MASM operators and 
keywords, using forms that make better sense, both to you and to 
Turbo Assembler. 

Ideal mode adds strict type-checking to expressions. Strict type­
checking helps reduce errors caused by assigning values of the 
wrong types to registers and variables, and by using constructions 
that appear correct in the source text but are assembled differently 
than you expect. Instead of playing guessing games with values 
and expressions, as Ideal mode lets you write code that makes 
logical and aesthetic sense . 

. Because of strict type-checking, Ideal mode expressions are both 
easier to understand and less prone to producing unexpected 
results. And, as a result, many of the MASM problems we warn 
you about in other chapters disappear under Ideal mode's 
watchful eye. 

Ideal mode also has a number of features that make programming 
easier for novices and experts alike. Some of these features 
include the following: 

• duplicate member names among multiple structures 
II complex HIGH and LOW expressions 
• predictable EQU processing 
• correct handling of grouped data segments 
• improved consistency among directives 
II sensible bracketed expressions 

Why use Ideal mode? 

456 

There are many good reasons why you should use Turbo 
Assembler's Ideal mode. If you are just learning assembly 
language, you can easily construct Ideal mode expressions and 
statements that have the effects you desire. You don't have to 
fiddle around tryi~g different things until you get an instruction 
that does what you want. If you are an experienced assembly 
language programmer, you can use Ideal mode features to write 
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complex programs using language extensions such as nestable 
structures and unions. 

As a direct benefit of a cleaner syntax, Ideal mode assembles files 
30% faster than MASM mode. The larger your projects and files, 
the more savings in assembly time you'll gain by switching to 
Ideal mode. 

Strong type-checking rules, enforced by Ideal mode, let Turbo 
Assembler catch errors that you would otherwise have to find at 
run-time or by debugging your code. This is similar to the way 
high-level language compilers assist you by pointing out 
questionable constructions and mismatched data sizes. 

Although Ideal mode uses a different syntax for some 
expressions, you can still write programs that assemble equally 
well in both MASM and Ideal modes. You can also switch 
between MASM and Ideal modes as often as necessary within the 
same source file. This is especially helpful when you're 
experimenting with Ideal mode features, or when you're 
converting existing programs written in the MASM syntax. You 
can switch to Ideal mode for new code that you add to your 
source files, while you maintain full MASM compatibility for 
other portions of your program. 

Entering and leaving Ideal mode 

Use the IDEAL and MASM directives to switch between Ideal and 
MASM modes. Turbo Assembler always starts assembling a 
source file in MASM mode. To switch to Ideal mode, include the 
IDEAL directive in your source file before using any Ideal mode 
capabilities. From then on, or until the next MASM directive, all 
statements behave as described in this chapter. You can switch 
back and forth between MASM and Ideal modes in a source file as 
many times as you wish and at any place. Here's a sample: 

DATA SEGMENT 
abc LABEL BYTE 
xyz DW 0 
DATA ENDS 

IDEAL 

SEGMENT CODE 
PROC MyProc 
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istart in MASM mode 
iabc addresses xyz as a byte 
idefine a word at label xyz 
iend of data segment 

iswitch to Ideal mode 

isegment keyword now comes first 
iproc keyword comes first, too 
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ENDP MyProc 
ENDS 

MASM 

CODE SEGMENT 
Func2 PROC 

iIdeal mode programming goes here 

irepeating MyProc label is optional 
irepeating segment name not required 

iswitch back to MASM mode 

iname now required before segment keyword 
iname now comes before proc keyword, too 

iMASM-mode programming goes here 

IDEAL iswitch to Ideal mode again! 

MASM 

Func2 ENDP 
CODE ENDS 

ido some programming in Ideal mode 

iback to MASM mode. Getting dizzy? 

iname again required before keyword 
iname again required here 

As you can see, in Ideal mode, directive keywords such as PRoe 
and SEGMENT appear before the identifying symbol names, the 
reverse of MASM's order. Also, you have the option of repeating a 
segment or procedure name after the ENDP and ENDS directives. 
Adding the name can help clarify the program by identifying the 
segment or procedure that is ending. This is a good idea, 
especially in programs that nest multiple segments and 
procedures. You don't have to include the symbol name after 
ENDP and ENDS, however. 

MASM and Ideal mode differences 

458 

This section describes the main differences between Ideal and 
MASM modes. If you know MASM, you may want to experiment 
with individual features by converting small sections of your 
existing programs to Ideal mode. Just remember to surround the 
new code with the IDEAL and MASM keywords. By following this 
scheme, a kind of learn-as-you-go approach to Ideal mode 
proficiency, you can assemble your current programs without 
having to revise every instruction to use Ideal mode's special 
features. Eventually, of course, you may decide to program 
exclusively in Ideal mode. Or you may choose to mix and match 
MASM and Ideal mode modules. The choice is yours to make. 
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Ideal mode 
tokens Turbo Assembler reads and understands your program by 

dividing the text into individual words or symbols called tokens. 
Examples of tokens include labels such as V ALUE, NAME, or 
AGE, and other symbols, numbers, parts of expressions, and 
arithmetic operators such as +, -, '" and /. 

Two types of tokens, symbols and floating-point numbers, have 
slightly different forms in Ideal mode. As described next, these 
changes clarify several ambiguities in the MASM syntax. 

Symbol tokens In Ideal mode, a period (.) is not permitted as part of a symbol 
name. You can use a period only as a structure member operator 
or in a floating-point number. 

Structure and union members (some people call them fields) are 
not defined as global symbols, accessible from every place in your­
program. Structure and union members exist only within the 
structure to which they belong. This lets you have multiple 
structures that contain members with the same names. You can 
also duplicate member names outside of a structure for other 
purposes, as in this sample: 

Pennies DW 0 
STRUC Heaven 
Dimes DW ? 
Nickels DW? 
Pennies DW? 
ENDS 
Take Heaven <> 

ino conflict 

They say you can't take it with you but, just in case they're wrong, 
this example shows how to create a variable with three fields, 
storing your net worth in dimes, nickels, and pennies in a 
structure named Heaven. The fields Dimes and Nickels are unique 
to the structure. Pennies, though, occurs twice. First, there's 
Pennies outside the structure's pearly gates, and then there's 
Pennies from Heaven. 

Seriously, this example demonstrates that the same name, Pennies, 
can occur both inside and outside of a structure with no conflict, 
something that you can't do in MASM to save your soul. 

The variable Pennies outside of Heaven is distinct from the 
member Pennies used inside the structure. Consequently, to 
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Duplicate member 
names 

reference a duplicated name inside of a structure requires three 
elements: the structure name, a period, and the member name. In 
this example, Take.Pennies equals the offset of the Pennies field 
inside Heaven. Pennies alone, however, equals the offset to the 
variable outside of the structure. 

Ideal mode also lets you duplicate member names in different 
structures. The members can be of the same or of different types, 
as in the following two structures, both of which have Size fields 
of the same type and in the same postion, plus Amount fields of 
different types in different positions: 

STRUC SomeStuff 
Size DW ? 
Flag DB ? 
Amount DW ? 
ENDS 

STRUC OtherStuff 
Size DW 
Amount DB ? 
ENDS 

ino conflict here 
inor here 

Floating-point tokens In Ideal mode, floating-point decimal numbers must always 
include a period (.): 

460 

FP DT l.Oe? ildeal mode floating-point value 

This defines a lO-byte floating-point value, named FP, equal to 
1.0e7. In MASM mode, you can use the acceptable, though less 
clear, form: 

FP DT lE? iMASM mode floating-point value 

This may not seem so bad until you consider what happens if, in 
an earlier section of the program, you issue a .RADIX 16 command 
that changes the default number base from decimal to hexa­
decimal. In this case, disaster strikes as MASM now assembles 
your floating-point value as the hexadecimal number OlE7! By 
requiring you to use a decimal point, Ideal mode never 
accidentally confuses floating-point and hexadecimal numbers 
this way. 
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EQU and = 
directives EQU definitions, also called equates, are always treated as text in 

Ideal mode. In MASM mode, equates are sometimes treated as 
text and, at other times, as numbers. Consider these-examples:, 

1111" 

Expressions and 
operands 

Square brackets 
operator 

;Declare a few equates 
A 4 
B 5 
C EQU B + A 
B 6 

;Declare a variable 
V DW C ;9 in MASM mode, 10 in Ideal mode 

MASM evaluates B + A when processing the EQU expression. At 
this time, A equals 4 and B equals 5; therefore, C equals 9. Ideal 
mode processes the same expression differently, storing in string 
form everything that follows EQU, in this case, B + A. Later, Ideal 
mode substitutes this string where C appears. In this example, 
because the expression evaluation is delayed until the declaration 
of variable V and because B was previously redefined to 6, 
variable V equals 10 (6+4) in Ideal mode. 

In Ideal mode, EQU always defines a string. An equal sign (=) 
always defines a calculated expression. It might help you to 
remember this rule if you visualize an equal sign (=) evaluating 
expressions immediately and EQU delaying expression evaluation 
until the place where the constant name appears. By the way, 
some people refer to this as "early" and "late" binding. 

The biggest difference between Ideal and MASM mode 
expressions is the way square brackets function. In Ideal mode, 
square brackets always refer to the contents of the enclosed 
quantity. Brackets never cause implied additions to occur. Many 
standard MASM constructions, therefore, are not permitted by 
Ideal mode. 

In Ideal mode, square brackets must be used in order to get the 
contents of an item. For example, 

mov ax,wordptr 
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displays a warning message. You are are trying to load a pointer 
(wordptr) into a register (AX). The correct form is 

mov ax, [wordptr] 

Plainly, you are loading the contents of the location addressed by 
wordptr (in the current data segment at DS) into AX. 

If you wish to refer to the offset of a symbol within a segment, 
you must explicitly use the OFFSET operator, as in this example: 

mov ax, OFFSET wordptr 

Example operands Let's examine a few confusing, though typical, bracketed 
operands that MASM mode accepts, and then compare the 
examples with the correct and easier-to-understand forms that 
Ideal mode requires. As you'll see, Ideal mode's unambiguous use 
of brackets helps make your intentions perfectly clear: 

mov ax, [bx] lsi] iMASM mode 

This causes a syntax error in Ideal mode. If brackets specify the 
contents of memory, then this instruction appears to be loading 
both the value addressed by BX and the value addressed by 51 
into AX at the same time. Of course, you can do no such thing. 
What you probably mean, and what Ideal mode requires, is this: 

mov ax, [bx+si] ildeal mode 

Now, the instruction is clear. The contents of the memory location 
at the OFFSET BX+SI, relative to the current data segment 
addressed by OS, is loaded into AX. (The size of the memory 
location is a 16-bit word because AX is a 16-bit register. If you 
replace AX with AL, or another 8-bit register, then the size of the 
memory location is a byte.) Here's a similar example: 

mov ax,es: [bx] lsi] iMASM mode 

This also causes an Ideal mode error. The instruction seems to be 
saying, "apply an ES: segment override to the value addressed by 
BX, and add the whole shebang to the contents of the memory 
location addressed by 51, loading the result (whatever that is) into 
AX." This is senseless, of course, and you probably mean this: 

mov ax, [es:bx+si] ildeal mode 

Good! This adds the BX and SIregisters together, giving an offset 
value relative to segment register ES, overridden from the default 
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data segment DS. The 16-bit contents of this location is loaded 
into AX. Here's another MASM example that you'll often see: 

mov ax,6[bx] iMASM mode 

A mathematician might think you are multiplying 6 times the 
value of the location addressed by BX. Or, is this some kind of 
undocumented array indexing technique, or just a typing error? 
Actually, it's none of the above, as the Ideal mode form shows 

mov ax, [bx+6] ildeal mode 

Of course! You want to load into AX the contents of the location 
in the current data segment 6 bytes away from the offset specified 
by BX. More clear than that, you cannot get. Expressions in 
MASM mode, though, are not always so understandable: 

mov ax,es:[bp+8] [si+6] iMASM mode 

Let's see, you take the value 8 bytes away from BP, apply a 
segment override ES:, and ... no, the override must go with the 
value 6 bytes from SI. But no, that's not right, maybe you take the 
value at BP+8, add to the contents of [SI+6], apply an override 
and ... Oh, forget it! Ideal mode makes this and other complex 
operands easy to read and easy to write: 

mov ax, [es:bp+si+14] ildeal mode 

Obviously, the value located at offset BP+SI+ 14 in segment ES is 
loaded into AX, plain and simple. Believe it or not, there's more: 

mov aI, BYTE PTR [bx] iMASM mode 

MASM apparently allows you to specify the contents of memory 
locations as byte pointers, at least that's what this instruction 
appears to be doing. You can, of course, point to bytes or words 
only with pointers (registers and labels) as Ideal mode makes 
perfectly evident: 

mov aI, [BYTE PTR bx] ildeal mode 

Obviously, you are telling Turbo Assembler that BX is a byte 
pointer, loading into register AL the byte located BX bytes from 
the start of the current data segment. One more example and then 
we're done: 

rep movs BYTE PTR [di], lsi] iMASM mode 

MASM appears to allow you to convert characters addressed by 
DI (and maybe SI?) into byte pointers. Of course, you can't do 
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Chapter 2 In the reference 

manuallisfs operator 
precedence and completely 

describes all operators in 
MASM and Ideal modes. 

Periods in structure 
members 

that. What you no doubt mean, and what Ideal mode wants to 
see, is this: 

rep movs [BYTE PTR di], [BYTE PTR si] ildeal mode 

Although this is longer, registers DI and 51 are clearly byte 
pointers for the MOVS instruction. 

These examples, are by no means complete, and you probably will 
encounter many other confusing MASM operands with brackets. 
When this happens, try switching to Ideal mode, even if just for 
that one instruction. Then, use the foregoing samples as guides to 
rewriting the instruction in a form that you can understand. By 
doing this, you can use Ideal mode not only to help you write 
better and more readable programs, but also to help you 
understand bracketed constructions that, in MA5M, are 
frequently about as clear as mud on a foggy day. 

The changes made to the expression operators in Ideal mode 
increase the power and flexibility of some operators while leaving 
unchanged the overall behavior of expressions. The precedence 
levels of some operators have been changed to facilitate common 
operator combinations. 

For specifing accurately the structure members to which you ;re 
referring, the period (.) structure member operator is far more 
strict in Ideal mode. The expression to the left of a period must be 
a structure pointer. The expression to the right must be a member 
name in that structure. Using the earlier SomeStuff and OtherS tuff 
structure examples, here's how to load registers with the values of 
specific structure members: 

iDeclare variables using the structure types 
S Stuff SomeStuff <> ° Stuff OtherStuff <> 
mov ax, [S_Stuff.Amount] 
mov bl, [O_Stuff.Amount] 

iload word value 
iload byte value 

Pointers to structures Often, you'll want to use a register containing the address of a 
structure, in other words, the offset to the first byte of a structure 
stored in memory. Or you might have a memory variable that 
addresses a structure. In these cases, to reference a specific 
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The SYMTYPE operator 

The HIGH and LOW 
operators 

structure member by name, you must tell Turbo Assembler which 
structure you are referring to: 

mov ex, [(SorneStuff PTR bx) .Amount] 

This lets Turbo Assembler know that BX is a pointer to a SomeS tuff 
structure and that you want to load the contents of the Amount 
field from that structure into register CX. The parentheses are 
required because the period (.) operator has higher precedence 
than PTR. Without parentheses, Ideal mode tries to bind Amount 
to BX, which is impossible, of course, because registers do have 
field names. Only structures have field names and, therefore, you 
must convert pointers to structures before referring to fields in 
structures that the registers address. 

Because an Ideal mode symbol cannot start with a period, the 
.TYPE operator in MASM mode is named SYMTYPE in Ideal 
mode (see Chapter 1 in the Reference Guide). Despite the name 
change, the directive works identically in both modes with one 
exception: SYMTYPE will not return a value for an undefined 
identifier. Otherwise, this operator returns the types of various 
symbols. 

Abyte DB 0 
Aword DW 0 
Array DD 20 DUP (8) 
Btype SYMTYPE Abyte ;1 
Wtype SYMTYPE Aword ;2 
Atype SYMTYPE Array ;4 

In Ideal mode, the HIGH and LOW operators have two meanings. 
Usually, HIGH specifies the high (most-significant) byte of a 
constant and LOW specifies the LOW (least-significant) byte as in 

MaxVal 1234h 
mov ah, HIGH MaxVal ;loads 12h into AH 
rnov aI, LOW MaxVal ;loads 34h into AL 

In Ideal mode, HIGH and LOW can be used also to select the high 
or low part of a memory-referencing expression: 

WordVal DW 0 
DblVal DD 0 
QVal DQ 0 

mov bl, [BYTE LOW WordVal] 
mov ax, [WORD HIGH DblVal] 
mov ax, [WORD LOW QVal] 
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The Optional PTR 
operator 

The first MOV instruction loads BL with the low byte of the 2-byte 
word labeled by W1rdVal. The second MOV loads AX with the 
high word of the 4-byte value stored at DblVal. The third MOV 
loads AX with the lowest word of the 8-byte (quadword) value at 
QVal. Notice that the syntax is the same as for the PTR operator, 
with BYTE or WORD keywords before the LOW or HIGH 
operators, followed by a memory-referencing expression. 

You can also use HIGH and LOW together to extract just the 
information you need from a multiple-byte value: 

OVal 00 12345678h 
rnov aI, [BYTE LOW WORD HIGH OVal] ;loads 34h into AL 

In combination with BYTE and WORD, the LOW and HIGH 
keywords extract bytes and words from any position in a variable. 
Here, DVal is a doubleword, 4-byte quantity. To better 
understand complex combinations such as this, read the 
expression from left to right. In this case, the move instruction 
loads AL with lithe low byte (BYTE LOW) of the high word 
(WORD HIGH) of Dval." 

You can use shorthand pointer overrides in expressions. To do 
this, omit the PTR operator. For example, 

[BYTE PTR OverTheRainbow] 

in Ideal mode shorthand is the same as 

[BYTE OverTheRainbow] 

The SIZE operator The SIZE operator in Ideal mode reports the actual number of 
bytes occupied by a data item. This makes it easy to determine the 
lengths of strings: ' 

theTitle OB "The Sun Also Rises" 
theAuthor OB "Ernest Hemingway", 0 
titleSize SIZE theTitle ; Ideal--18, MASM--l 
authorSize SIZE theAuthor ; Ideal--16, MASM--l 

In this example, theTitle and theAuthor are strings. In MASM 
mode, the SIZE operator equals the LENGTH of a name multiplied 
by its TYPE. The LENGTH equals the number of items allocated, in 
this case 1. (Even though a string has multiple characters, 
LENGTH considers strings to be single-byte items by virtue of the 
DB directive.) The TYPE value for DB is also 1. Consequently, in 
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Directives 

MASM mode, both titleSize and author Size equal 1, which is not 
much help in trying to calculate the string lengths. 

In Ideal mode, SIZE returns the number of bytes occupied by the 
first item after storage-allocation directives like DB or DW. 
Because of this, titleSize equals the number of characters in 
theTitle. Likewise, author Size equals the number of characters in 
the string, theAuthor. Notice, however, that theAuthor ends in a 0 
byte, marking the string end. SIZE does not take this byte into 
account, returning only the number of characters in the preceding 
string. In fact, SIZE returns the length of only the first item in any 
list of multiple values. For example, 

CountDown DB 9,8,7,6,5,4,3,2,1,"Blast off" 
TwoLines DB "First line", 13, 10, "Second line" 
eDsize SIZE CountDown ; 1 
TLsize SIZE TwoLines ;10 

Here, CountDown addresses 9-byte values followed by the string, 
"Blast off." Even so, SIZE of CountDown (CDSize) in both Ideal 
and MASM modes equals 1, the size of the first element in the list. 
The same is not true of the second example, TwoLines, which is a 
typical way to store two strings separated with an ASCII carriage 
return (13) and linefeed (10). But the two strings are labeled in the 
program under one name, TwoLines. SIZE again returns the size of 
the first item in this series, in this case, the string "First line." In 
Ideal mode, TLSize equals 10, the number of characters in the 
string. In MASM mode, TLSize equals 1, the size of the first DB 
element, a single byte (character). 

Directives in Ideal mode function identically and, in most cases, 
have the same names as their MASM-mode equivalents. 
However, there are a few important differences among similar 
directives in both modes, as this section explains. 

. Listing controls Because a symbol cannot start with a period (.) in Ideal mode, all 
MASM mode listing controls begin with percent signs (%). Also, 
several names have been changed to more accurately describe the 
operations controlled by the directives. The following table shows 
the listing control directives in both modes: 
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MASMmode 

.CREF 

.LALL 

.LFCOND 

.LIST 

.SFCOND 

.xALL 

.xCREF 

.XLIST 

Ideal mode 

%CREF 
%MACS 
%CONDS 
% LIST 
%NOCONDS 
%NOMACS 
%NOCREF 
%NOLISf 

Because the percent sign (%) starts all listing control directives in 
Ideal mode, the o/oOUT directive in MASM mode becomes 
DISPLAY in Ideal mode: 

DISPLAY "Starting to Assemble I/O Driver" 

Other MASM directives that start with periods (.) are renamed for 
clarity. For instance, all processor control directives such as .286, 
which look more like a number than a directive, now start with P, 
as in P286N. All forced error directives of the form .ERRxxx have 
been renamed ERRIFxxx. Several other directives have the same 
names minus the leading periods. 

The following table lists the directives that start with a period in 
MASM mode and the Ideal mode equivalents: 

MASM mode Ideal mode MASM mode Ideal mode 

.186 P186 .ERR2 ERRIF2 

.286 P286N .ERRB ERRIFB 

.286C P286N .ERRDEF ERRIFDEF 

.286P P286 .ERRDIF ERRIFDIF 

.287 P287 .ERRDIFI ERRIFDIFI 

.386 P386N .ERRE ERRIFE 

.386C P386N .ERRIDN ERRIFlDN 

.386P P386 .ERRIDNI ERRIFIDNI 

.387 P387 .ERRNB ERRIFNB 

.8086 P8086 .ERRNDEF ERRIFNDEF 

.8087 P8087 .ERRNZ ERRIF 

.CODE CODESEG .FARDATA FAR DATA 

.CONST CONST .FARDATA? UFARDATA 

. DATA DATASEG .MODEL MODEL 
• DATA? UDATASEG .RADIX RADIX 
.ERR ERR .STACK STACK 
.ERR1 ERRIF1 
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Reversed directive and 
symbol name 

Quoted strings as 
arguments to directives 

Ideal mode's parsing order is simpler than MASM's. If the first 
token is a keyword, it determines the operation to be performed 
by the directive. If the first token is not a keyword, then the 
second token determines the operation. 

Because of this change, some operations have reversed directive 
and symbol name orders, as the next table details: 

MASMmode 

name ENDP 
name ENDS 
name GROUP segs 
name LABEL type 
name MACRO args 
name PROC type 
name RECORD args 
name SEGMENT args 
nameSTRUC 
name UNION 

Ideal mode 

ENDP [name] 
ENDS [name] 
GROUP name segs 
LABEL name type 
MACRO name args 
PROC name type 
RECORD name args 
SEGMENT name args 
STRUCname 
UNION name 

Notice that ENDS and ENDP do not require matching names to 
close the definitions. If you include a name, spell it the same as 
you did in the preceding SEGMENT or PRoe directive. Some 
programmers always include the name to add extra readability to 
their programs. This is especially useful when you're using nested 
procedures or segments, but it isn't required. 

Some directives are identical in both MASM and Ideal modes. For 
example, the following directives define symbols as part of the 
language syntax and, therefore, are the same in both modes: 

= 
DB 

DD 
OF 
DP 

DQ 
DT 
DW 
EQU 

The INCLUDE directive takes a quoted file name in Ideal mode: 

INCLUDE "MYDEFS.INC" 

In MASM mode you don't have to use quotes: 

INCLUDE MYDEFS.INC 

0/0 TITLE and O/OSUBTTL also require their title strings to be 
surrounded by quotes: 
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groups 

Accessing data in a 
segment belonging to 

a group 

%TITLE "Macro Definitions" 
%SUBTTL "Block Structuring Macros" 

;comment ignored 
;comment ignored 

As these two examples demonstrate, requiring quotes around 
titles and subtitles lets you add comments at the ends of these 
lines. The comments are not included in the listing file. In MASM 
mode, everything after .TITLE and .SUBTTL becomes part of the 
title string, including any comments. 

The way Turbo Assembler handles segments and groups in Ideal 
mode can make a difference in getting a program up and running. 
If you're like most people, you probably shudder at the thought 
of dealing with a bug that has anything to do with the interaction 
of segments and groups. 

Much of the difficulty in this process stems from the arbitrary 
way that MASM and, therefore, Turbo Assembler's MASM mode, 
make assumptions about references to data or code within a 
group. Fortunately, Ideal mode alleviates some of the more 
nagging problems caused by MASM segment and group 
directives as you'll see in the information that follows. 

In Ideal mode, any data item in a segment that is part of a group 
is considered to be principally a member of the group, not of the 
segment. An explicit segment override must be used for Turbo 
Assembler to recognize the data item as a member of the segment. 

MASM mode handles this differently: Sometimes a symbol is 
. considered to be part of the segment instead of the group. In 
particular, MASM mode treats a symbol as part of a segment 
when the symbol is used with the OFFSET operator but as part of 
a group when the symbol is used as a pointer in a data allocation. 
This can be confusing because, when you directly access the data 
without OFFSET, MASM incorrectly generates the reference 
relative to the segment instead of the group. 

An example will help explain how you can easily get into trouble 
with MASM's addressing quirks. Consider the following 
incomplete MASM program, which declares three data segments: 

dsegl SEGMENT PARA PUBLIC 'data' 
vl DB 0 
dsegl ENDS 

dseg2 SEGMENT PARA PUBLIC 'data' 
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v2 DB 0 
dseg2 ENDS 

dseg3 SEGMENT PARA PUBLIC 'data' 
v3 DB 0 
dseg3 ENDS 

DGROUP GROUP dsegl,dseg2,dseg3 
cseg SEGMENT PARA PUBLIC 'code' 

ASSUME cs:cseg,ds:DGROUP 

start: 
rnov ax, OFFSET vl 
rnov bx,OFFSET v2 
rnov cx,OFFSET v3 

cseg ENDS 
END start 

The three segments, dseg1, dseg2, and dseg3, are grouped under 
one name, DGROUP. As a result, all the variables in the individual 
segments are stored together in memory. In the program source 
text, each of the individual segments declares a byte variable, 
labeled v1, v2, and v3. 

In the code portion of this MASM program, the offset addresses of 
the three variables are loaded into registers AX, BX, and ex. 
Because of the earlier ASSUME directive and because the data 
segments were grouped together, you might think that MASM 
would calculate the offets to the variables relative to the entire 
group in which the variables are eventually stored in memory. 

But this is not what happens! Despite your intentions, MASM 
calculates the offsets of the variables relative to the individual 
segments, dseg1, dseg2, and dseg3. It does this even though the 
three segments are combined into one data segment in memory, 
addressed here by register DS. It makes no sense to take the 
offsets of variables relative to individual segments in the program 
text when those segments are combined into a single segment in 
memory. The only way to address such variables is to refer to 
their offsets relative to the entire group. 

To fix the problem in MASM requires you to specify the group 
name along with the OFFSET keyword: 

rnov ax,OFFSET DGROUP:vl 
rnov bx,OFFSET DGROUP:v2 
rnov cx,OFFSET DGROUP:v3 

Chapter 7 7, Turbo Assembler Ideal Mode 471 



Defining near or 
far code labels 

472 

Although this now assembles correctly and loads the offsets of vl, 
v2, and v3 relative to DGROUP (which collects the individual 
segments), you might easily forget to specify the DGROUP 
qualifier. If you make this mistake, the offset values will not 
correctly locate the variables in memory and you'll receive no 
indication from MASM that anything is amiss. In Ideal mode, 
there's no need to go to all this trouble: . 

IDEAL 
SEGMENT dsegl PARA PUBLIC 'data' 
vl DB a 
ENDS 

SEGMENT dseg2 PARA PUBLIC 'data' 
v2 DB a 
ENDS 

SEGMENT dseg3 PARA PUBLIC 'data' 
v3 DB a 
ENDS 

GROUP DGROUP dsegl,dseg2,dseg3 
SEGMENT cseg PARA PUBLIC 'code' 

ASSUME cs:cseg, ds:DGROUP 

start: 
mov ax,OFFSET vl 
mov ax,OFFSET v2 
mov ax,OFFSET v3 

ENDS 
END start 

The offsets to vl, v2, and v3 are correctly calculated relative to the 
group that collects the individual segments to which the variables 
belong. Ideal mode does not require the DGROUP qualifier to 
refer to variables in grouped segments. MASM mode does require 
the qualifier and, even worse, gives no warning of a serious 
problem should you forget to specify the group name in every 
single reference. 

When you define near and far LABEL or PROC symbols, 
references to a symbol are relative to the group containing the 
segment. If a symbol's segment is not part of a group, the symbol 
is relative to the segment. This means you do not have to 
ASSUME CS to a segment in order to define near or far symbols. 
In MASM mode, 
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and global 

symbols 

CODE SEGMENT 
ASSUME cs:CODE 

XYZ PROC FAR 

XYZ ENDP 
CODE ENDS 

iMASM procedure code 

becomes the following in Ideal mode: 

SEGMENT CODE 
PROC XYZ FAR 

ENDP 
ENDS 

ildeal mode procedure code 

This change doesn't add any new capabilities to MASM mode. 
But it does relieve you of telling the assembler something Ideal 
mode can usually figure out by itself. 

Wherever you must supply a type (BYTE, WORD, and so on), for 
example, with the EXTRN or GLOBAL directives, you can use a 
structure name: 

STRUC MoreStuff 
HisStuff DB 0 
HerStuff DW 0 
ItsStuff DB 0 
ENDS 
EXTRN SNAME:MoreStuff 

This capability, combined with the enhancements to the period (.) 
operator described earlier, lets you refer to structure members 
that are external to your source module. This is exactly as if you 
had declared the members inside both modules. The SIZE 
operator also correctly reports the size of external data structures. 
Every PUBLIC symbol emitted in Ideal mode occurs where 
PUBLIC is specified. This is also useful for redefining variables. 
MASM mode emits all the public symbols at the end of the 
program, limiting the ways in which you can redefine public 
symbols. For example, 
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Operand for BOUND 
instruction 

Perfect = 8 
PUBLIC Perfect ;declare Perfect public 

Perfect = 10 ;redefine Perfect's value 

In Ideal mode, the PUBLIC Perfect equals 8, even though the 
module redefines Perfect after the PUBLIC declaration. In MASM 
mode, because the PUBUC symbols are emitted at the end of the 
module, another module that imports this symbol via an EXTRN 
declaration receives a Perfect 10. 

This section describes a few additional differences between 
MASM and Ideal modes. 

Turbo Assembler in Ideal mode does not generate segment­
relative fixups for private segments that are page- or paragraph­
aligned. Because the linker does not require such fixups, 
assembling programs in Ideal mode can result in smaller object 
files that also link more quickly than object files generated by 
MASM mode. The following demonstrates how superfluous 
fixups occur in MASM but not in Ideal mod~: 

SEGMENT DATA PRIVATE PARA 
VAR1 DB 0 
VAR2 DW 0 
ENDS 
SEGMENT CODE 

ASSUME ds:DATA 
mov ax,VAR2 

ENDS 
;no fixup needed 

This difference has no effect on code that you write. The 
documentation here is simply for your information. 

The BOUND instruction expects a WORD operand, not a DWORD. 
This lets you define the lower and upper bounds as two constant 
words, eliminating the need to convert the operand to a DWORD 
with an explicit DWORD PTR. In MASM mode, you must write 

BOUNDS DW 1,4 
BOUND DWORD PTR BOUNDS 

;lower and upper bounds 
;required for MASM mode 

but, in Ideal mode, you need only write 

BOUNDS DW 1,4 
BOUND [BOUNDS] 

;lower and upper bounds 
;legal in Ideal mode 
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Comments inside In Ideal mode, comments within macros are treated as strings. To 
macros substitute a dummy parameter within a macro comment, you 

must precede the parameter with an ampersand (&): 

MACRO DOUBLE ARG 
shl ARG,l 

ENDM 
;rnultiply &ARG by two 

When you use this macro in Ideal mode with DOUBLE BX, the 
listing file shows 

shl bx,l ;rnultiply BX by two 

On the other hand, if the macro is defined as 

MACRO DOUBLE ARG 
shl ARG,l 

ENDM 
;rnultiply ARG by two 

the listing file does not replace ARG: 

shl bx,l ;rnultiply ARG by two 

Local symbols Turbo Assembler's local symbol capability is automatically 
enabled when you switch to Ideal mode, exactly as if you had 
entered the LOCALS directive. 

A comparison of MASM and Ideal mode 
programming 

To wrap up this chapter and give you a feeling for the differences 
between Ideal and MASM modes, here is the same program in 
both Ideal and MASM mode. By reading through these examples 
and by examining the numbered comments after the listings, 
you'll be able to appreciate the advantages offered by Ideal mode 
syntax. 

Please understand that these programs are not intended as 
examples of good programming style: The instructions merely 
demonstrate the Ideal mode concepts discussed in this chapter, 
and show only a sampling of the most common Ideal mode 
capabilities and differences from MASM. 
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The example programs read a single line from the console, 
convert the text to uppercase, and then display the result before 
returning to 005. To mark where the program code differs in the 
MASM and Ideal mode programs, we've added a comment 
(beginning with a semicolon) and a number. For example, ; #4 
directs you to read the corresponding description number 4 
following the listings in the section /I An Analysis of MASM And 
Ideal Modes" on page 479. Also, to make the Ideal mode 
differences stand out, we've stripped most of the comments from 
its example. Read the first program to understand how the code 
operates. Read the second program to compare the Ideal-mode 
enhancements. 

MASM mode sample program 

; File <masexmpl.asm> 
; MASM mode example program to uppercase a line 

TITLE Example MASM Program ;this comment is in the title! 
.286 

bufsize = 128 

dosint MACRO intnum 
mov ah,intnum 
int 21h 

ENDM 

STK SEGMENT STACK 
DB 100h DUP (?) 

STK ENDS 

DATA SEGMENT WORD 
inbuf DB 
outbuf DB 
DATA ENDS 

bufsize DUP (?) 

bufsize DUP (?) 

DGROUP GROUP STK,DATA 

CODE SEGMENT WORD 
ASSUME cs:CODE 

start: • 
mov ax,DGROUP 
mov ds,ax 
ASSUME ds:DGROUP 
mov dx,OFFSET DGROUP:inbuf 
xor bx,bx 
call readline 
mov bx,ax 
mov inbuf[bx],O 
push ax 

;size of input and output buffers 

;assign FN number to AH 
;call DOS function &INTNUM 

;reserve stack space 

;input buffer 
;output buffer 

;group stack and data segs 

;assume CS is code seg 

;assign address of DGROUP 
;segment to DS 
;default data segment is DS 
;load into DX inbuf offset 
;standard input 
iread one line 
;assign length to BX 
;add null terminator 
;save AX on stack 
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call mungline 
pop cx 
mov dx,OFFSET DGROUP:outbuf 
mov bx,1 
dosint 40h 
dosint 4ch 

;convert line to uppercase 
;restore count 
;load into DX outbuf offset 
;standard output 
;write file function 
;exit to OOS 

;Read a line, called with dx => buffer, returns count in AX 
readline PROC NEAR 

mov cx,bufsize 
dosint 3fh 
and ax,ax 
ret 

readline ENDP 

;Convert line to uppercase 
mungline PROC NEAR 

mov si,OFFSET DGROUP:inbuf 
mov di,O 

@@uloop: 
cmp BYTE PTR[si],O 
je @@done 
mov aI, [si] 
and aI, not 'a' - 'A' 
mov outbuf[di],al 
inc si 
inc di 
jmp @@uloop 

@@done: ret 
mung line ENDP 
CODE ENDS 

;specify buffer size 
;read file function 
;set zero flag on count 
;return to caller 

;address inbuf with SI 
; initialize DI 

; end of text? 
;if yes, jump to @@done 
;else get next character 
;convert to uppercase 
;store in output buffer 
;better to use lodsb,stosb 
; .•. this is just an example! 
;continue converting text 

;end of procedure 
;end of code segment 

END start ;end of text and OOS entry point 

Ideal mode sample program 

File <idlexmpl.asm> 
Ideal mode example program to uppercase a line 

IDEAL 
%TITLE 
P286N 

"Example Ideal-Mode Program" 

BufSize 128 

MACRO dosint intnum 
mov ah,intnum 
int 21h 

ENDM 

SEGMENT STK STACK 
DB 100h DUP (?) 
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;n 
;12 
;#3 

;14 

; 15 
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ENDS 

SEGMENT DATA WORD 
inbuf DB Bufsize DUP (1) 
outbuf DB bufSize DUP (1) 
ENDS DATA 

GROUP DGROUP STK,DATA 

SEGMENT CODE WORD 
ASSUME cs:CODE 

start: 
mov ax,DGROUP 
mov ds,ax 
ASSUME ds:DGROUP 
mov dx,OFFSET inbuf 
xor bx,bx 
call readline 
mov bx,ax 
mov [inbuf + bx],O 
push ax 
call mungline 
pop cx 
mov dx,OFFSET outbuf 
mov bx,1 
dosint 40h 
dosint 4ch 

i.6 

i .7 

i'S 

i.9 

ino 

in1 

in2 

in3 

iRead a line, called with dx => buffer, returns count in AX 
PROC readline NEAR i.14 

ENDP 

mov cx,BufSize 
dosint 3fh 
and ax,ax 
ret 

iConvert line to uppercase 
PROC mung line NEAR 

mov si,OFFSET inbuf 
mov di,O 

@@uloop: 
cmp [BYTE si],O 
je @@done 
mov aI, lsi] 
and al,not 'a' - 'A' 
mov [outbuf + di],al 
inc si 
inc di 

LODSB/STOSB 
jmp @@uloop 

@@done: ret 

ins 

in6 
in7 

iUS 

;U9 
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An analysis of 
MASM And Ideal 

modes 

ENDP mung line 
ENDS 

END start 

; 120 
; 121 

The following paragraphs detail the differences between MASM 
and Ideal mode constructions, directives, and operands in the two 
previous programs. The numbers refer to the comments in the 
Ideal mode example. Compare these lines with the MASM 
example. 

1. Use the IDEAL directive to switch into Ideal mode. By default, 
Turbo Assembler always starts assembling your source file in 
MASM mode. You need to use the MASM directive only when 
you want to switch back into MASM mode after having earlier 
switched to Ideal mode. 

2. The percent sign in front of %TITLE reminds you that this 
directive affects the listing file (if you decide to create one by 
specifying a listing file name or by using the IL command-line 
option when you assemble the program). Ideal mode uses 
% TITLE instead of TITLE (without the percent sign) all:d also 
requires you to surround the title string with quotes (II II). This 
lets you put a comment on the line that, in MASM mode, 
becomes part of the title-probably not what you intended. 

3. The .286 directive in MASM mode is P286N in Ideal mode. 
Because symbols cannot start with a period (.) in Ideal mode, 
all MASM processor and other directives that start with 
periods are changed. The statement in the listing does not 
serve any useful purpose in this program other than to show 
the difference between the two modes. The program does not 
use any 80286 instructions. 

4. In Ideal mode, the name of the macro comes after the MACRO 
directive, not before as in MASM mode. 

5. The name of the segment in a SEGMENT directive comes after 
the directive in Ideal mode. 

6. When you use ENDS to close a segment in Ideal mode, you 
don't need to supply the matching segment name as you do in 
MASM mode. (You may add the name after the ENDS 
directive, however, if you prefer.) 

7. Same as 5. Again, the SEGMENT keyword comes before the 
name. 
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8. If you supply a matching segment name for the ENDS 
directive, the name comes after the directive and not before as 
in MASM mode. You can delete the name (DATA) if you wish. 

9. In Ideal mode, the GROUP directive precedes the name of the 
data segment group (which is DGROUP). After this comes the 
list of data segments you are grouping under this name. In 
MASM, GROUP and the name are reversed. 

10. Same as 5. The SEGMENT keyword precedes the name. 
11. You don't have to use a group qualifier here with the OFFSET 

operator. Ideal mode presumes that INBUF is relative to the 
start of DGROUP because INBUF is inside one of the individual 
segments collected under this group name. In MASM, you 
have to remember to specify DGROUP: inbuf to correctly 
locate offsets to variables in grouped segments. 

12. The [lNBUF+BX] operand is valid in both Ideal and MASM 
modes, but the same line in the MASM mode version, 
INBUF[BX], is not valid in Ideal mode. In Ideal mode, all 
memory-referencing operands must be surrounded by square 
brackets. 

13. Same as 11. Here again, you do not need to specify the group 
name to reference a variable in a grouped segment. In MASM, 
to obtain the correct offset to OUTBUF, you have to write 
DGROUP:outbuf. Forget the DGROUP qualifier and, in this 
example, you'd store your output in the stack, with no 
warning from MASM that something is seriously wrong! 

14. The name of a procedure in a PROC directive comes after the 
directive, not before as required by MASM mode. 

15. When you use ENDP to close a procedure in Ideal mode, you 
don't have to supply the matching procedure name as you do 
in MASM mode. 

16. Same as 14. The PROC directive proceeds the procedure name. 

17. Same as 11. Again, you don't need to write DGROUP:inbuf, as 
you do in MASM. 

18. In Ideal mode, you can optionally omit the PTR operator when 
you set the size of an expression. The MASM mode expression 
BYTE PTR ABC is identical to BYTE ABC in Ideal mode. 

19. Same as 12. In Ideal mode, to refer to the contents of memory, 
always put the memory-referencing expression inside 
brackets. 

20. Optionally place a matching procedure name after the ENDP 
directive, not before as in MASM mode. 
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21. Same as 6. ENDS does not require a matching segment name, 
although you can add the name if you prefer. 
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EQU directive 174 

angle brackets and 178 
Ideal vs. MASM mode 456, 461 

equal (=) directive 26 
equate substitutions 174 
equates 

text and numeric 461 
.ERR1 directive 223 
.ERR2 directive 223 
.ERR directive 223 
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errors, programming 225-256, See also pitfalls 
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LES instruction and 440 
string instructions and 240, 346 
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within macros 373 
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execution, END directive and 87 
EXITM directive 371 
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Ideal vs. MASM mode 473 
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far data 108, 110 
Ideal mode 472 

FAR PTR operator 135 
forward jumps and 360 

far subroutines 165 
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.FARDATA? directive 110,404 
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@FileName symbol 110 
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files 

.ASM23 
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include 198 
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problems 246 
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problems 244 

IN instruction 56, 140 
INC instruction 144 

effect on carry flag 245 
%INCL directive 212 
INCLUDE directive 28, 198 

Ideal mode 469 
include files 198 

GLOBAL directive and 197 
setting path 28 
suppressing in listing files 212 

incrementing, defined 144 
indirect addressing 95 
indirect command files 39 
initialization 

arrays 125 
character strings 126 
data 125 
expressions and 128 
labels and 128 
record variables 381 
structures 379 

inline assembly 
Turbo C 258-280 

format 268 
limitations 274 

input/output See I/O 
INS instruction (80186) 414 
INST ALL.EXE 8 
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installation 8 
instruction mnemonics See mnemonics 
instruction pointer 61, 65 

80386 428 
instruction prefixes 184 
instruction set See also individual listings 

8086 67 
INT instruction 

character display and 71 
keyboard input and 71 

integers 
32-bit 118 
64-bit 118 
lO-byte 118 
long 118 
short 118 

interrupt flag 53 
interrupt handler 

preserving registers 251 
interrupts 

0147 
divide-by-zero 147 

I/O 140 
8086 50 
80186 414 
AL register 140 
AX register 140 
OX regist~r 56, 140 
formatted 71 
IBM PC 68 
keyboard 70 
operations 42 

IP register 61, 65 
80386 428 
subroutines and 164 

IRETD instruction 
80386 444 

IRP instruction 
repeat blocks and 364 

IRPC instruction 
repeat blocks and 364 

J 
/j option 29 
JA instruction 157 
JAE instruction 157 
JB instruction 157 
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JBE instruction 157 
JC instruction 157 
JCXZ instruction 160, 238 

80386 443 
JE instruction 156, 157 
JECXZ instruction 

80386 443 
jEMUL option 27 
JG instruction 157 
JGE instruction 157. 
JL instruction 157 
JLE instruction 157 
JMP instruction 154 

labels and 93 
JNA instruction 157 
JNAE instruction 157 
JNB instruction 157 
JNBE instruction 157 
JNC instruction 157 
JNE instruction 157 
JNG instruction 157 
JNGE instruction 157 
JNL instruction 157 
JNLE instruction 157 
JNO instruction 158 
JNP instruction 157 
JNS instruction 157 
JNZ instruction 157 

80386 443 
JO instruction 157 
JP instruction 157 
JPE instruction 157 
JS instruction 157 
jumps 

80386 428, 443 
conditional 156 

local labels and 352 
problems with 234 
size of 353 

FARPTRand 155 
forward referenced 358 
limitations in Turbo C 274 
short 154 
unconditional 154 

JUMPS directive 354 
JZ instruction 157, 160 

Index 

K 
keyboard input, DOS functions 70 
keywords 31 
/kh option 29 
/ks option 30 

L 
$1 directive (Turbo Pascal) 319 
/1 option 26, 30, 33 
/la option 30 
LABEL directive 130,351 
labels 

= directive and 179 
as operators 92 
conditional jumps and 352 
conflicting definitions 219 
data types 195 
EQU directive and 174 
equating to values/strings 174 
external 194 

Turbo C and 290 
EXTRN directive and 194 
for memory locations 130 
Ideal mode 352 
in macros 371 
initializing variables 128 
listing 205 
loca1349 
MASM mode 352 
modules and 193-197, 349 
PUBLIC directive and 193 
redefining 179 
requirements 82 
undefined 224 

language elements 81 
large memory model 108 
LARGE operator 

80386 and 421 
LEA instruction 

vs. MOV OFFSET 255 
LEAVE instruction (80186) 412 
LES instruction 440 
LFCOND directive 37 
line continuation character 199 
linking See also TLINK utility 

first program 13 

493 



high-Ievellanguages 115 
returning values 166 

Turbo C 253, 294, 308 
%LINUM directive 214 
%LIST directive 211 
listing files 23, 200-215 

control directives 210 
Ideal mode 467 
MASM mode 468 

%CREF directive 209 
cross-reference information 26, 207 
false conditionals in 37 
format 213 
generating 30 
high-level code in 30 
%NOCREF directive 209 
numbers in 199 
page size 214 
suppressing lines 210 
symbol tables 

suppressing 33, 205 
titles 213 

Ideal mode 469 
LOCAL directive 

in macros 371 
Turbo C and 298 

local symbols 
Ideal vs. MASM mode 475 

LOCALS directive 352 
LODS instruction 181 

multiple segments and 408 
LODSB instruction 181 

segment override and 347 
LODSW instruction 181 
logical operations 42, 148 
long integers 118 
LOOP instruction 56, 159 

80386 442 
effect on carry flag 245 
problems 238 

LooPD instruction (80386) 442 
LooPDE instruction (80386) 443 
LooPDNE instruction (80386) 443 
LooPE·instruction 160 

80386 442 
looping 158 

ex register and 55 
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LooPNE instruction 160 
80386 442 

LooPZ instruction 160 
LOW operator 

Ideal mode 465 
.LST files 23, 200 

M 
1m option 31 
machine language, defined 44 
MACRO directive 372 
macros 365 

comments 
Ideal mode 475 

conditional assembly directives 369 
conditional error directives 225 
expansion 

EXITM directive 371 
suppressing listing 212 

forward referenced 372 
labels in 371 
nested segments 393 
operators within 372 
subroutines vs. 366 

%MACS directive 212 
MAKE.EXE 7 
MASK operator 384 
MASM compatibility 1,82,210,215,253 

equates 461 
expressions 461 
Ideal mode vs. 455-481 
listing control directives 468 
local labels 352 
OFFSET operator bug 397 
segment groups 397, 470 
segment ordering 108 
structures 373 
Turbo C and 265 

MASM directive 457 
MASM mode See MASM compatibility 

. math, 8086 141 
math coprocessor See numeric coprocessor 
medium memory model 108 
memory 

addressing 
80386 431 
large blocks 64 
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modes 93 
square brackets and 100 

blocks of 126, 184 
comparing blocks 185 
defining variables 125 
direct addressing 95 
filling blocks of 184 
indirect addressing 95 
management (80286) 418 
mapping 51 
models 

FAR type and 130 
.MODEL directive and 108 
NEAR type and 130 
PROC type and 131 
segments and 400 
TurboC282 
Turbo Pascal 315 

naming locations 130 
operands 97 

BP ~egister and 346 
DS register and 345 
ES register and 346 

pointers 96 
BP register and 58 
BX register and 55 
CS register and 65 
DI register and 57 
DS register and 66 
ES register and 66 
51 register and 56 
SP register and 59 
55 register and 66 

reserving 129 
scanning 185 
segment names 64 
segmentation 61 
string instructions and 57, 58 
variables 

problems 246 
MEMORY combine type 391 
messages 

displaying during assembly 215 
suppressing 35 

Microsoft Assembler See MASM compatibility 
mixed-model programming 

segment directives and 115 

Index 

Iml option 31 
-ml switch 193 
MMACROS.ARC 8 
'mnemonics, defined 85 
.MODEL directive 108, 402 
modular programming 162, 190 

END directive and 87 
EXTRN directive 194 
.FARDATA segment and 403 
GLOBAL directive 197 
loca1labels 349 
PUBLIC directive 193 

MOV instruction 132-139 
80386 441 
addressing modes and 98 
forward references 360 
string instructions vs. 181 
vs. LEA 255 

moving data See data, moving 
MOVS instruction 183 

ES register and 346 
MOVSB instruction 183 

80386 444 
MOVSD instruction 

80386 444 
MOVSW instruction 183 
MOVSX instruction 437 
MOVZX instruction 437 
MS-DOS See DOS 
.MSFLOAT directive 122 
Imu option 32 
MUL instruction 145 

problems 244 
multiple prefixes 242 
multiplication 145 

80386 445 
AX register and 54 
DX register and 56 
pitfalls 244 
REPf directive and 363 
SHLand 150 
signed 146 
unsigned 145 

I mV# option 32 
I mx option 32 
-ml switch 193 
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N 
/noption 33 
-n switch 205 
names 82 
near data 108 

Ideal mode 472 
NEAR PfR operator 135 
near subroutines 165 
NEAR type 130 

NEARPTRoperatorand 135 
NEG instruction 147 
%NEWPAGE directive 213 
%NOCONDS directive 211 
.NOCREF directive 210 
%NOCREF directive 209 
%NOCTLS directive 212 
NOEMUL directive 27 
%NOINCL directive 212 
NO]UMPS directive 357 
%NOLISf directive 211 
NOLOCALS directive 352 
%NOMACS directive 212 
%NOSYMS directive 213 
NOT instruction 149 
NOTHING directive 398 
NOTHING keyword 113 
%NOTRUNC directive 214 
%NOUREF directive 213 
NUL device 24 
numbers 

in labels 82, 174 
include files and 199 
signed 135 
unsigned 135 

numeric coprocessor 27, 453 

o 
.OB] files 1, 13 
.OB] files 

suppressing 34 
object See object files 
object files 

debugging information in 38 
line number information in 38 
segment ordering 25, 35 
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object modules 
defined 12 

OB]XREF.COM 8 
octal notation 120 
OFFSET operator 

MASM vs. Ideal mode 470 
problems 247, 253 

offsets 
$ symbol and 178 

operands 
character 90 
constant 90 
defined 88 
Ideal mode 461 
label 92 
limitations in Turbo C 274 
memory 97 

BP register and 346 
ES register and 346 

order of 230 
register 89 
source/ destination 88 
string instructions with 189 

operators See also individual listings 
expressions and 92 
Ideal vs. MASM mode 464 
macros 372 

optimization, Turbo Pascal 325 
options, command line See command-line 

options 
OR instruction 149 
OS/2418 
OUT instruction 56, 140 
%OUT directive 216 
OUTS instruction (80186) 414 
overflow flag 53 

conditional jumps and 157 

p 
/p option 33 
%PAGESIZE directive 214 
parameter passing 

registers 166 
stack 166 
testing 220 
TurboC 295 
Turbo Pascal 325 
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parameters 
formal 367 
macros and 367 

parity flag 
conditional jumps and 157 

parsing order 
Ideal mode 469 

Pascal See Turbo Pascal 
PC-DOS See DOS 
%PCNT directive 214 
percent sign 

Ideal mode 468 
percent sign operator 

within macros 373 
period 

in directives 468 
in labels 82 

Ideal mode 459 
in structures 

Ideal mode 464 
operator 376 

pitfalls 225-256 
carry flag 245 
conditional jumps 234 
converting bytes to words 241 
direction flag 239 
flags 246 
interrupt handler 251 
linking to Turbo C 253 
LOOP instruction 238 
memory variables 246 
multiple prefixes 242 
multiplication 244 
OFFSET operator 247 
REP prefix 239 
REP string overrun 235 
returns 228 
reversing operands 230 
segment groups 252 
segment wraparound 249 
stack allocation 230 
string comparisons 239 
string instruction operands 242 
string instructions 235, 245 
string segment defaults 240 
subroutines 227, 228, 231 
termination 226 

Index 

wiping out registers 231 
zeroCX237 

plus operator 376 
plus sign 23 
pointers 

defined 44 
I/O 

OX register 140 
OX register and 56 

memory 55, 96 
BP register and 58 
CS register and 65 
01 register and 57 
OS register and 66 
ES register and 66 
51 register and 56 
SP register and 59 
55 register and 66 

segment:offset 118 
segmentation and 61 
to structures 

Ideal mode 464 
POP instruction 59, 139 
POPA instruction (80186) 411 
POP AO instruction 

80386 445 
POPFD instruction 

80386 445 
%POPLCTL directive 215 
#pragma directive 264 
predefined symbols See symbols 
prefixes 184 

local label 353 
multiple 242 
segment override 345 

printing, first program 17 
PRIV ATE combine type 392 
PROC directive 131,351 

high-level languages and 109 
subroutines and 164, 228 

processor, defined 43 
Program Segment Prefix (PSP) 316 
program structure 78-172 
program termination 72, 79, 86 

problems with 226 
Prolog See Turbo Prolog 
protected mode 33 
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80286 418 
80287453 

protected mode instructions 
80286 418 

PSP 316 
PTR operator 

Ideal mode 466 
PUBLIC combine type 391 
PUBLIC directive 193 

Ideal mode 473 
Turbo Pascal and 320 

public functions 
Turbo C and 290 

public labels 193-197 
Ideal mode 473 

PUSH instruction 59, 139 
80186 415 

PUSHA instruction (80186) 411 
PUSHAD instruction 

80386445 
PUSHFD instruction 

80386445 
%PUSHLCTL directive 215 
PWORDtype 130 

Q 
Iq option 34 
quad words 118 

converting to doublewords 437 
question mark 

in labels 82 
uninitialized data and 129 

QWORD type 130 

R 
Ir option 27, 34 
.RADIX directive 123 
RCL instruction 153 
RCR instruction 152 
README.COM 7 
real mode (80286) 418 
real numbers 122 
RECORD directive 380 
records 381 
recursion 163 
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registers See also individual listings 
8086 51 
80386 425 
32-bit 426 
as operands 89 
incrementing I decrementing 144 
parameter passing 166 
preserving 167, 231 
preserving (Turbo C) 277, 302 
setting to zero 149 
Turbo Pascal 318 

REP prefix 
problems 239 
segment override and 348 
string overruns 235 

REPE instruction 187 
repeating instructions 184, 362 
REPNE instruction 187 
REPNZ instruction 187 
REPT directive 362 

DUPvs.363 
REPZ instruction 187 
reserved words 80 
RET instruction 

PROC directive and 228 
subroutines and 162,227 

ROL instruction 152 
ROR instruction 151 
rotates 151 

5 
-5 option (Turbo C) 262 
IS option 394 
I s option 25, 35 
SAL instruction 150 
SAR instruction 151 
SBB instruction 143 
SCAS instruction 185 

ES register and 346 
repeating 239 

SCASB instruction 185 
screen mode 

ANSI.SYS 74 
BIOS and 73 

SEG operator 
Turbo Pascal and 324 

SEGMENT directive 112, 389 
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segment:offset pointers 118, 404 
segments 

80386 420, 446 
accessing multiple 349 
alignment 

80386 423 
types 206, 390 

alphabetical order 394 
code 65, 104, 404 

Turbo Pascal 317 
combine types 207, 390 
current 112 
data 66, 105, 110, 404 
directives 79, 103, 389-408 

80386 423 
high-level languages and 115 
simplified 104-110, 399, 400 

symbols and 110 
standard 111-116 
Turbo C and 283 

end of 112 
extra 66 
fixups 

Ideal vs. MASM mode 474 
groups 395 

Ideal mode and 456, 470 
MASM mode 470 
problems 252 
Turbo C and 253 

listing 206 
multiple 404 
names 64, 392 
nesting 392 
ordering 25, 108, 392, 393 
override 

prefixes 345 
registers 61, See also individ uallistings 

80386 429 
CS65 
DS 66, 105 
ES 66, 107 
FS429 
GS429 
memory pointers to 56, 57 
moving data between 138 
SS66 

sequential order 25, 35, 394 

Index 

stack 66 
start of 112 
Turbo C and 282 
USE16420 
USE32420 
wraparound problem 249 

semicolon 22 
inline assembly and 268 

semicolon operator 
within macros 373 

SEQ directive 25 
.SEQ directive 394 
serial communications 74 
SET instruction 440 
SETNC instruction 440 
SETS instruction 440 
SFCONri directive 37 
shifts 150 

multiple word (80386) 438 
SHL instrl:lction 150 

80186 416 
SHLD instruction 438 
short integers 118 
SHORT operator 154 

forward jumps and 360 
SHR instruction 151 

80186 416 
records and 382 

SHRD instruction 439 
SI register 56, 66 

as memory pointer 97 
string instructions 185 

sign, changing 147 
sign flag 

conditional jumps and 157 
signed conversion instructions 437 
signed division 146 

SARand 151 
signed multiplication 146 
signed numbers 135 
simplified segment directives 104-110 

80386 423 
ASSUME and 399, 400 

size of data See data, size 
SIZE operator 

Ideal mode 466, 473 
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slash 
include files and 199 

small memory model 108 
SMALL operator 

80386 and 421 
source files 

include files 28 
symbols 26 

SP register 59, 66 
speaker 75 
square brackets 100 

Ideal mode 461 
MASM mode 461 

SS register 
LES instruction and 440 
memory operands and 346 
memory pointers to 58 

stack 
80186 instructions 412 
allocating 230 
combine types and 391 
MOV instruction and 139 
parameter passing 166 
pointer 59, 66 
segment 66 
segment override and 348 
size of 104 
Turbo Pascal 317 

STACK combine type 391 
.ST ACK directive 104, 230 
stack segment register (SS) 

memory pointers to 58 
standard segment directives 111-116 
start address 

END directive and 87 
statistics, displaying 24 
STD instruction 239 
STOS instruction 182 

ES register and 346 
multiple segments and 408 

STOSB instruction 58, 182 
STOSW instruction 182 

pitfalls 241 
string instructions 180 

80386 444 
BP register 58 
bytes vs. words 189 
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CMPS 188 
data movement 181 
decrementing 239 
DI register 57 
direction flag 239 
effect on registers 245 
ES register 107 
extra segment 66, 348 
flags 187 
incrementing 239 
LODS 181 
mixing with non-string 349 
MOVS 183 
multiple prefixes 242 
operands to 242 
pitfalls 235 
REP prefix 184, 187 
repeating 184, 187, 235 
SCAS 185 
SI register 57 
stos 182 

strings . 
assigning to hll,Jels 174 
comparing 239 
displaying 216 
initialization 126 
quoted (Ideal mode) 469 

STRUC directive 374 
structures 373-389 

DUP operator and 376 
forward references 373 
Ideal mode 380, 460, 473 
initialization 379 
MASM mode 373 
period operator 376 
Turbo C 269, 303 

SUB instruction 142 
subroutines 161 

far 165 
local labels 349 
macros vs. 366 
near 165 
preserving registers 231 
RET instruction 227 

subtraction 142 
%SUBTTL directive 213 
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symbol tables 
listing files 205 

cross-referencing 26 
suppressing 33,205,213 

symbols 
case-sensitive 31, 32 
@CodeSize 110 
@curseg 110 
@data 105 
defining 26 
external 32 

Ideal mode 473 
Turbo C and 293 

@fardata 110 
@fardata? 110 
@FileName 110 
Ideal mode 459 
length of 32 
local 

Ideal mode 475 
public 32 
restrictions 26 
unreferenced 213 
uppercase 32 

%SYMS directive 213 
.SYMTYPE operator 

Ideal mode 465 
syntax, command-line See command-line 

syntax 
system timers 74 
systems software 

IBM PC 68 

T 
/t option 35 
T ASM.CFG files 39 
TASM.EXE 7 
TBYTE type 130 
TCREF 1 
TCREF.EXE 7 
termination 72 

DOS functions 72 
END directive and 79, 86 
problems with 226 

TEST 
ANDvs.384 

%TEXT directive 214 

Index 

text strings See strings 
TFCOND directive 37 
time 74 
??Time variable 179 
timers 74 
tiny memory model 108 
%TITLE directive 213 

Ideal mode 469 
TLIB.EXE 7 
TLINK 1, 13, 294, 308 

segment ordering 394 
Turbo C version 259 

TLINK.EXE 7 
tokens 

Ideal mode 459 
TOUCH.COM8 
trap flag 53 
%TRUNC directive 214 
Turbo C 257-313 

80186/80286 processor 267 
80186 and 412 
-1 option 267 
ARG directive and 300 
assembler modules in 27 
assembly language vs 45 
-B option 264 
case sensitivity 32, 291 
code segment 282 
data types 292 
external symbols 293 
floating-point emulation 27 
inline assembly 258-280 

comments 268 
format 268 
limitations 274 
semicolon 268 

jumps 274 
linking to 253, 308 
LOCAL directive and 298 
MASMand 265 
memory models 282 
operand limitations 274 
parameter passing 295 
Pascal calling conventions 307 
path-naming conventions 199 
period operator 376 
#pragma directive 264 

501 



public functions and 290 
register preservation 277, 302 
returning values 302 
-S option 262 
segment directives and 283 
structures 269, 303 

Turbo Debugger 1, 38 
Turbo Librarian See TLIB utility 
Turbo Link See TLINK utility 
Turbo Pascal 315-344 

allocating local data 332 
data segment 317 
EXTRN directive 321 
functions results 331 
heap 318 
making assembler information available to 
320 
making information available to assembler 
321 
memory map 315 
memory models 315 
near / far calls 319 
optimization 325 
parameter passing 325 
PUBLIC directive 320 
register usage 318 
returning values 331 
segment fixups 324 
stack 317 

tutorial 9-75 
two-pass assemblers 

compatibility with 223 
two's complement arithmetic 136 
type-checking 

Ideal mode 456 
type specifiers 130 
.TYPE operator 

Ideal mode 465 
typefaces in this manual 3 
types See data, types 

u 
unconditional jumps See jumps, unconditional 
underscore 

Turbo C and 290 
uninitialized data 129 
UNION directive 387 
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unions 
Ideal vs. MASM mode 460 

UNKNOWN type 131 
unsigned division 147 

SHRand 151 
unsigned multiplication 145 
unsigned numbers 135 
%UREF directive 213 
USE16 segment 420, 446 
USE32 segment 420, 446 

V 
/v option 24, 35 
variables 

changing sign 147 
converting to strings 72 
incrementing/decrementing 144 
inline assembly and 276 
memory 125 
record 381 
uninitialized 129 

W 
/woption 36 
warning messages 16 

"mild" 36 
generating 36 

WIDTH operator 383 
wildcards See DOS wildcards 
WORD PTR operator 134 
WORD type 130 
words 117 

X 

CMPSWand 188 
converting to bytes 137 
converting to doublewords 137 
LODSWand 181 
MOVSWand 183 
SCASW and 187 
srOSWand 182 
string instructions 189 
WORD PTR operator 134 

/xoption 37 
.xRF files 23 
XCHG instruction 139 
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XLAT instruction 
operands to 243 

XOR instruction 149 

Z 
/z option 37 

Index 

/ zd option 38 
zero ex value 

string instructions and 237 
zero flag 53 

conditional jumps and 156 
loops and 160 

/ zi option 38 
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