














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































int'et CODE OPTIMIZATION 

• In,place of using an ENTER instruction at lexical level 0, use a code sequence like: 

PUSH EBP 
MOV EBP, ESP 
SUB ESP, BYTE_COUNT 

This executes in seven clock cycles, rather than ten. 

The following techniques may be applied as optimizations to enhance the speed of a 
system after its basic functions have been implemented: 

• The'jump instnictibl1S cdme ill two fcirms:on.e' form has an eight-bit immediate for 
relative jumps in the range from 128 bytes back to 127 bytes forward, the other forIIJ. 
has a full 32-bit displacement. Many assemblers use the lorig form in situations where 
the short form can be used. When it is clear that the short form may be used, explic­
itly specify the destination operand as being byte length. This tells the asseinbler to 
use the. short, form. If �,�~�h�e�a�s�s�e�m�b�l�e�r� does not support this function, it will generate an 
error. Note that some assemblers perform this optimization automatically. 

• Use: the ESP register ;to reference the stack in the deepest level of subroutines. Don't 
bother setting up the EBP register and stack frame .. 

• For fastest task switching, perform task switching in �s�o�f�t�w�~�r�e�.� This allows a smaller 
processor state to be saved and restored. See Chapter 7 for a' discussion of 
multitasking. 

• Use the LEA instruction for adding registers together. When a base register and 
index register are used with the 'LEA instruction, the destination 'is loaded with their 

" SUIp. The contents of the index register may be scaledby 2, 4,or 8. 

e Use the LEA: instruction for adding a constant t<fa: register. Whena base registerand 
a displacerrient are used with the LEA instruction, the destination is loaded with their 
�s�u�m�~� The LEA instruction can be used with ,a base, register, ingex register, scale 
factor,at;lQ ,displacem,.ent. ' ..' , " . 

• Use integer move instructkins'to tr'ansfer �f�l�o�a�t�i�n�g�~�p�o�i�r�i�t� data. 

• Use the form ot �~�h�e� RET iJ;lstruction which takes an immediate value for byte-cpunt, 
rath'er than 'an AI)D ESP Instruction. It ,saves one Clock cycle an<i three bytes on 
every subroutine calL '., . " .' . . 

•. ,Whe.nseveral,references are made to. a variable addressed with a displacement, load 
the displacement, into a register. 

• The PUSH arid POP instructions, when �u�~�e�d�~�i�t�h� an operand in'memoiy,take two 
,,more Clock �c�y�c�~�e�s�.� to execute than' an equivalent. two-instruction sequence which 
moves the operand through a general register before pushirig it on the stack. '.' 

\ ., 

• Tpe L.OOP instruction takes two more clocj{ cyc,;les to �e�x�e�~�u�t�e� than the equivalent 
decrement. and conditional jump. instructions., , ' , 

• The JECXZ instruction takes one more' clock cycle to execute than the equivalent 
compare and conditional jump. instructions. 
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intaL CODE OPTIMIZATION 

Use ADD reg, reg instead of SHL reg, 1. The opcode length is the same, but the add will 
execute in one clock instead of three for the shift instruction. The flags are affected in 
the same way by both instructions, except that the add instruction sets the auxilliary 
carry flag (AF), while the shift instruction leaves it undefined. 

Also, use ADC reg, reg instead of RCL reg, 1. As with in the previous case, the opcodes 
have identical lengths, but the add executes in the one clock versus three clocks for the 
rotate. However, note that RCL reg, 1 only affects OF and CF, while the add will 
additionally change SF, ZF, AF, and P. 

The above also applies to the Intel386 CPU. Due to the different clock counts on the 
Intel386 CPU, the achievable speed improvement will be much less. Note that the sub­
stitutions given above do not negatively affect performance on the 286, since clock 
counts for replaced and replacing instruction is identical on that CPU. 
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APPENDIX H 
REVISION HISTORY 

Revision of the InteI486T" Microprocessor Family Programmer's Reference Manual contains 
many updates and improvements to the original version. A revision summary of major 
changes is listed below. 

The sections significantly revised since version -001 are: 

Section 3.11 

Section 4.1.1 

Section 5.3.4 

Section 6.2.2 

Section 6.5 

Figure 6-9 

Table 6-4 

Table 7-1 

Table 7-2 

Table 9-2 

Section 9.9.14 

Table 9-7 

Figure 10-2 

Section 10.2 

Figure 11-1 

The instructions INVD and WBINVD were included for clarification 
and the CPU detection code was updated in Figure 3-23. 

Clarified that the POPF and POPFD instructions have no affect on 
the RF and VM flags. 

Stated the absenc.e of the Dirty bit in the· page directory. 

Included B-bit clarification in the description of expand-down data 
segment ranges. 

Clarified that only a CALL instruction can use' gates to transfer to 
more privileged levels. 

Corrected by adding EFLAGS as part of the new stack. 

Corrected Combined Effect columns for page directory 'and page 
table protection. 

Corrected Exceptions and Error Code' References made during a 
Task Switch. 

Clarified the NT flag as not changed due to JUMP. 

Changed description to show Faults from prefetching have a higher 
priority than NMI's. 

Clarified the state of the page table and page directory access bits 
following a page level fault. 

Corrected note 2 by stating the restartibility of an invalid-TSS excep­
tion is conditional. 

Clarified that the most significant bits are used to disable modes. 

Added Inte1486' SX microprocessor initialization. 

. Added GD bit, changed breakpoint addresses to linear and Glarified 
hardwired bits must remain undefined. 
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Section 11.2.2 Description of the GD bit has been added. 

Section 11.3.1.2 Clarified explimation that breakpoint reporting is independent of the 
GE/LE bit settings. 

Section 12.3;1 Specification change for PCD and PWT bits. 

Section 15.1.2 Corrected the Top of STack bits of the Status word. 

Section 15.1.3 Described the rounding-control bits of the FPU Control Word as 
also affecting non-arithmetic instructions .. ' 

Figure 15-5 Clarified the presence of an Opcode for the CS selector. 

Added Figure 15-5 describing opcode field;' 

Table 16-9 Added pseudodenormals to table.· 

Table 16-10 Deleted pseudodenormals as being part of the unsupported formats. 

Table 16-11 Corrected final state of C2 for Remainder instructions and Trigono-
metric instructions.' . . 

Section 16.2.3 Added description of the masked response returned by an FYL2X 
instruction as a result of division by zero. 

Section 19~2.3.2 Added Intel486 SX CPU software emulation. 

Table 22·1 Defined more completely the description of Exceptions and 
Interrupts. 

Table 22·2 Corrected vector 6 description. 

Section 24.1 Clarified the B-bit as also controlling the upper ADD range for 
expanded down. 

Section 24.4.2 Described the ESP register to be unreliable when switching from 
32-bit to 16-bitcode then back to 32 bit. 

Section 25.1 Clarified the ET-bit as being hardwired to 1 upon reset. 

Section 26.1.3 Replaced B bit with D bit. 

Table 26·2 . CorreCted effective address column. 

Tl;lble 26·3 Corrected effective address column~ 

Section 26.2.2.2 Clarified m as a memory operand, and clarified the use of extended 
registers for m8 and m16. 
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Instruction Set 

REVISION HISTORY 

Clarified the AF flag as undefined for the AND instruction. 

Flags clarified for BSF and BSR instructions. 

For BT, BTC, BTR and BTS instructions the affect of the high-order 
bits in the immediate bit offset are clarified. 

Added explanation for a CALL indirect-thru-memory In CALL 
instruction description. 

Opcode for CMPXCHG instruction has been changed. 

The OF flag has been clarified as undefined for the DAA instruction. 

Corrected table describing the DIVinstructions use of registers. 

Clarified C1 flag to. be zero for FCOM/FCOMP/FCOMPP 
instructions. 

The CF and OF flags have been clarified for the IMUL instruction. 

Corrected one of the INC opcodes. 

Changed rim to m for INS instruction. 

Corrected interrupt-to-inner-privilege description of INT/INTO 
instructions. 

Clarified Intel486 microprocessor detection for INVD and INVLPG 
instructions. 

Gate descriptor types 6, 7, E and F have been redefined for the LAR 
instruction. 

For LGS/LSS/LDS/LES/LFS instructions, a #UD fault has been 
described in protected mode; 

Opcode has been corrected forLMSW instruction. 

Added CMPXCHG and XADD instructions to list of LOCK usable 
instructions. 

Clarified use of MOV r/m16, Sreg instruction for use in protected 
mode. 

Corrected the clocks for the MUL instruction. 

Clarified a POP-to-memory instruction and a POP eSP instruction. 
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Appendix A 

Appendix E 

Table 10.1 

Table 10.2 

Table 10.3 

Appendix G 

Section G.ll 

REVISION HISTORY 

Clarified a POP-to-memory instruction and a POP eSP instruction. 

Clarified a PUSH-from-memory instruction. 

The opcode for REP LODS has been corrected along with the des­
tinations. Added note to NOT use the repeat prefix with the loop 
instruction. 

The CF flag has been clarified for SHL and. SHR instructions. 

The description of the SBB and SUB instructions has been clarified. 

The description of SETcc has been corrected for opcode OF96H and 
OF9FH. . 

Opcode for STI instruction has been corrected and Virtual Mode 
Exceptions have been defined. 

Operation of XADD instruction has been fixed. 

Added note that XCHG may be used in place of BSWAP for 16-bit 
data and fixed clock count. 

Duplicate opcodes for TEST Ib/lr and SHL have been deleted. 

Position 82 (MOVB) on one-byte opcode map has been deleted. 

Opcodes for MOV Td, Rd and MOV Rd, Td have been corrected. 

Added CWDE and CDQ instructions to CBW and CWD. 

Corrected instruction format of REP LODS, REP MOVS and REP 
STOS instructions. 

Corrected instruction format of LTR instruction. 

Corrected instruction format of REP INS and REP OUTS 
instructions. 

Corrected instruction format of FSTP 32-bit instruction. 

Corrected instruction format of FUCOMPP, FSUBR ST(d), FDIV 
64-bit, FDIV ST(d), andFDIVR ST(d) instructions. 

Designation of ADD instead of SHL instruction and ADC instead of 
RCL instruction has been added. 
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GLOSSARY 

Abort: An exception which is completely unrecoverable, such as stack exception during 
an attempt to invoke an exception handler. 

Address: See Logical Address,. Linear Address, and Physical Address. 

Address Space: The range of memory locations which may be accessed by an address. 

Address-Size Prefix: An instruction prefix which selects the size of address offsets. Off­
sets may be 16- or 32-bit. The default address size is specified by the D bit in the code 
segment for the instruction. Use of the address-size prefix selects the non-default size. 

Address Translation: The process of mapping addresses from one address space to 
another. Segmentation and paging both perform address translation. 

Base Address: The address of the beginning of a data structure, such. as a segment, 
descriptor table, page, or page table. . 

Base Register: A register used for addressing an operand relative to an address held in 
the register. 

Base: (1) A term used in logarithms and exponentials. In both contexts, it is a number 
that is being raised to a power. The two equations (y = log base b of x) and (by=x) are 
the same. (2) A number that defines the representation being used for a string of digits. 
Base 2 is the binary representation; base 10 is the decimal representation; base 16 is the 
hexadecimal representation. In each case, the base is the factor of increased significance 
for each succeeding digit (working up from the bottom). (3) See BaseAddress. 

BCD: Binary Coded Decimal; a format for representing numbers in base 10. One byte is 
used for each digit of the number, with bit positions 0 to 3 specifying the value for the 
digit. The auxiliary carry flag isused to perform BCD arithmetic. The FPU supports a 
packed form of BCD, in which 18 digits and.a sign bit are contained in an 80-bit 
operand. 

Bias: A constant that is added to the true exponent of a real number to obtain the 
exponent field of that number's floating-point representation in the FPU. To obtain the 
true exponent, you must subtract the bias from the given exponent. For example, the 
single real format has a bias of 127 whenever the given exponent is nonzero, If the 8-bit 
exponent field contains 10000011 (binary), which is 131 (decimal), the true exponent is 
131-127, or + 4. Also known as an excess representation, in this case excess -127. 

Biased Exponent: The exponent as it appears in a floating-point representation of a 
number. The biased exponent is interpreted as an unsigned, positive number. In the 
above example, 131 is the biased exponent. 
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Binary Coded Decimal: A method of storing numbers that retains a base 10 representa­
tion. Each decimal digit occupies 4 full bits (one hexdecimal digit). The hexadecimal 
values A through F (1010 to 1111) are not used. The Intel486 processor supports a 
packed decimal format that consists of 9 bytes of binary coded decimal (18 decimal 
digits) and one sign byte. 

Binary Point: An entity just like a decimal point, except that it exists in floating-point 
binary numbers. Each binary digit to the right of the binary point is multiplied by an 
increasing negative power of two. 

Bit Field: A sequence of up to 32 bits which may start at any bit position of any byte 
address. The Intel486 processor has instructions for efficient operations on bit fields. 

Bit String: A sequence of up to 232-1 bits which may start at any bit position of any byte 
address. The Inte1486 processor has instructions for efficient operations on bit strings. 

Breakpoint: An aid to program debugging in which the programmer specifies forms of 
memory access which generate exceptions. The exceptions invoke debugging software. 
The Intel486 processor supports software and hardware breakpoints. A software break­
point is an instruction inserted into the program being debugged. When the INT 3 
instruction is executed, a breakpoint occurs. A hardware breakpoint is set up by pro­
gramming the debugging registers. The contents of the debugging registers specify the 
address, size, and type of reference for as many as four breakpoints. Unlike. software 
breakpoints, hardware breakpoints can be applied to data. 

Byte: An 8-bit quantity of memory; the smallest unit of memory referenced by an 
address. 

C3-CO: The four "condition code" bits of the FPU status word. These bits are set to 
certain values by the compare, test, examine, and remainder functions ofthe FPU. 

Cache: A small, fast memory which holds the active parts of a larger, slower memory. 

Cache Flush: An operation which marks all cache lines as invalid. The Intel486 proces­
sorhas instructions for flushing internal and external caches. 

Cache Line: The smallest unit of storage which can be allocated in a cache. The internal 
cache of the Intel486 processor has a line size of 128 bits. 

Cache Line Fill: An operation which loads an entire cache line using multiple read cycles 
to main memory. 

Cache Miss: A request for access to memory which requires actually reading main 
memory. 

Call Gate: A gate descriptor for invoking a procedure with a CALL or JUMP 
instruction. 
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Characteristic: A term used for some non-Intel computers, meaning the exponent field 
ofa floating-point number. 

Chop: In the FPU, to set one or more low-order bits of a real number to zero, yielding 
the nearest representable number in the direction of zero. 

Code Segment: An address space which contains instructions; an executable segment. An 
instruction-fetch cycle must address a code segment. The type of information held in a 
segment is specified in its segment descriptor. 

Condition Code: The four bits of the FPU status word that indicates the results of the 
compare, test, examine, and remainder functions of the FPo. 

Conforming Segment: A code segment which executes with the RPL of the segment 
selector or the CPL of the calling program, whichever is less privileged. 

Context Switch: See Task Switch. 

Control Word: A 16-bit FPU register that the user can set, to determine the modes of 
computation the FPU will use and the exception interrupts that will be enabled. 

Coprocessor: An extension to the base architecture and instruction set of a processor. 
The Intel387 numerics coprocessor is used to add floating-point arithmetic instructions 
and registers to the Intel386 processor. Coprocessors allow present-day systems to enjoy 
the architectural enhancements which will be available in future processor chips. 

CPL: See Current Privilege Level. 

CPU: Central Processor Unit. See Processor. 

Current Privilege Level (CPL): The privilege level of the program which is executing. 
Normally, the privilege level is loaded from a code segment descriptor. It is loaded into 
the CS segment register, where it is visible to software as the two lowest bits of the 
register. When execution is transferred to a conforming code segment, the privilege level 
does not change. In this case, the CPL may be different from the privilege level specified 
in the descriptor (DPL). 

Data Segment: An address space. which contains data. As many as four data segments 
may be in use without reloading the segment registers. The type of information held in a 
segment is specified in its segment descriptor. 

Data Structure: An area of memory defined for a particular use by hardware or soft­
ware, such as a page table or taskstate segment (TSS). 

Debug Registers: A set of registers used to specify as many as four hardware break­
points. Unlike breakpoint instructions, which only can be used for code breakpoints, the 
debug registers can specify breakpoints in either code or data. 
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Denormal: A special form of floating-point number. On the FPU, a denormal is defined 
as a number that has a biased exponent of zero. By providing a significand with leading 
zeros, the range of possible negative exponents can be extended by the number of bits in 
the significand. Each leading zero is a bit of lost accuracy, so the extended exponent 
range is obtained by reducing significance. 

Descriptor Privilege Level (DPL): The privilege level applied to a segment. The DPL is a 
field in the segment descriptor. 

Descriptor Table: An array of segment descriptors. There are two kinds of descriptor 
tables: the Global Descriptor Table (GDT) and an arbitrary number of Local Descriptor 
Tables (LDTs). 

Device Driver: A procedure or task used to manage a peripheral device, such as a disk 
drive. . . 

Displacement: A constant used in calculating effective addresses. A displacement modi­
fies the address independently of any scaled indexing. A displacement often is used to 
access operands which have a fixed relation to some other address, such as a field of a 
record in an array. 

Double Extended: IEEE Std 754 term for the FPU's extended format, with more expo­
nent and significand bits than the double format and an explicit integer bit in the 
significand. 

Double Format: A floating-point format supported by the FPU that consists of a sign, an 
ll-bit biased exponent, an implicit integer bit, and a 52-bit significand, a total of 64 
explicit bits. 

Doubleword: A 32-bit quantity of memory. The Intel486 processor allows 32-bit double­
words to begin at any byte address, but a performance penalty is taken when a double­
word crosses the boundary between two doublewords in physical memory. 

DPL: See Descriptor Privilege Level. 

Effective Address: The address produced from addressing-mode calculations. A base 
register, scaled index, and displacement may be used in the calculations. 

Environment: The 14 or 28 (depending on addressing mode) bytes of FPU registers 
affected by the FSTENV and FLDENV instructions. It encompasses the entire state of 
the FPU, except for the 8 registers of the FPU stack. Included are the control word, 
status word, tag word, and the instruction, opcode, and operand information provided by 
interrupts. 

ESC Instruction: An instruction encoding used for coprocessor instructions. 
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Exception: A forced call to a procedure or a task which is generated when the processor 
fails to interpret an instruction or when an INT n instruction is executed. Causes of 
exceptions include division by zero, stack overflow, undefined opcodes, and memory­
protection violations. Exceptions are faults, traps, aborts, and software-initiated 
interrupts. 

Exception Pointers: In the FPU, the indication used by exception handlers to identify the 
cause of an exception. This data consists of a pointer to the most recently executed ESC 
instruction and a pointer to the memory operand of this instruction, if it had a memory 
operand of this instruction, if it had a memory operand. An exception handler can use 
the FSTENV and FSA VE instructions to access these pointers. 

Expand-Down Segment: A type of data segment in which the meaning of the segment 
limit is reversed. All other segments accept legal offsets from the base address to the 
base address plus the segment limit. An expand-down segment accepts legal addresses in 
two ranges: from 0 to one byte below the base address, and from one byte past the 
segment limit to the top of the address space. 

Exponent: (1) Any number that indicates the power to which another number is raised. 
(2) The field of a floating-point number that indicates the magnitude of the number. 
This would fall under the above more general definition (I), except that a bias some­
times needs to be subtracted to obtain the correct power. 

Extended Format: The FPO's implementation of the double extended format of IEEE 
Std 754. Extended format is the main floating-point format used by the FPU. It consists 
of a sign, a IS-bit biased exponent, and a significand with an explicit integer bit and 63 
fractional-part bits. 

External Cache: A cache memory provided outside of the processor chip. External 
caches can be added to any kind of processor which has external main memory. The 
Intel486 processor has instructions and page-table entry bits which are used to control 
external caches from software. 

Far Pointer: A reference to memory which includes both a segment selector and an 
offset. Used to access memory when the segment selector has not been loaded into the 
processor, for example when making a procedure call from one segment to another. 

Fault: An exception which is reported at the instruction boundary immediately before 
the instruction which generated the exception. When a fault is generated, enough of the 
state of the processor is restored to permit another attempt to execute the instruction 
which generated the fault. The fault handler is called with a return address which points 

. to the faulting instruction, rather than the instruction which follows the faulting instruc­
tion. After the handler fixes the source of the exception, such as a segment or page 
which is not present in memory, the program is restarted, 

Flat Model: A memory organization in which all segments are mapped to the same range 
of linear addresses. This organization removes segmentation from the environment of 
application programs to the greatest degree possible. 
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Floating-Point Operand: A representation for a number expressed as a base, a sign, a 
significand, and a signed exponent. The value of the number is the signed product of its 
significand and the base raised to the power of the exponent. Floating-point representa­
tions are more versatile than integer representations in two ways. First, they include 
fractions. Second, their exponent parts allow a much wider range of magnitude than 
possible with fixed-length integer representations. 

Floating-Point Unit (FPU): The part of the Intel486 processor which contains the 
floating-point registers and performs the operations required by floating-point 
instructions .. 

FPU: See Floating-Point Unit. 

Flush: See Cache Flush. 

Gate Descriptor: A segment descriptor which can be the destination of a call or jump. A 
gate descriptor can be used to invoke a procedure or task in another privilege level. 
There are four types of gate descriptors: call gates, trap gates, interrupt gates, and task 
gates. 

GDT: See Global Descriptor Table. 

Global Descriptor Table (GDT): An array of segment descriptors for all programs in a 
system: There is only one GDT in a system. 

Gradual Underflow: A method of handling the floating-point underflow error condition 
that minimizes the loss of accuracy in the result. If there is a denormal number that 
represents the correct result, the denormal is returned. Thus, digits are lost only to the 
extent of denormalization. Most computers return zero when underflow occurs, losing all 
signficant digits. . 

Handler: A procedure or task which is called as a result of an exception or interrupt. 

Hit: See Cache Hit. 

IDT: See Interrupt Descriptor Table. 

IEEE Standard 754: A set of formats and operations which apply to floating-point num­
bers. The formats cover 32-, 64-, and 80-bitoperand sizes. The standard was developed 
by the Institute for Electrical and Electronics Engineeers (IEEE). The FPU supports all 
operand sizes covered by the standard. 

Immediate Operand: Data encoded in an instruction. 

Implicit Integer Bit: A part of the significand in the single real and double real floating­
point formats that is not explicitly given. In these formats, the entire given significand is 
considered to be the right of the binary point. A single implicit integer bit to the left of 
the binary point is always one, except in one case. When the exponent is the minimum 
(biased exponent is zero), the implicit integer bit is zero. 
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Indefinite: A special value that is returned by floating-point functions when the inputs 
are such that no other sensible answer is possible. For each floating-point format these 
exits one quiet NaN that is designated as the indefinite value. For binary integer formats, 
the negative number furthest from zero is often considered the indefinite value. For the 
FPU packed decimal format, the indefinite value contains all 1's in the sign byte and the 
uppermost digits byte. 

Index: A number used to access a table. An index is scaled (multiplied by shifting left) to 
account for the size of the operand. The scaled index is added to the base address of the 
table to get the address of the table entry. 

Inexact: IEEE Std 754 term for the FPU's precision exception. 

Infinity: A floating-point result that has greater magnitude than any integer or any real 
number. It is often useful to consider infinity as another number, subject to special rules 
of arithmetic. All three Intel floating-point formats provide representations for + infinity 
and -infinity. 

Initialization: The process of setting up the programming environment following reset. 
The processor begins execution in real-address mode. A few processor registers have 
defined states following reset, which permit execution to begin. Initial states of the seg­
ment registers allow memory to be accessed, even though no segment selectors have 
been loaded. The DR7 register (debug control register) is clear, so no breakpoint will 
occur during initialization. The real mode program can set up data structures such as 
descriptor tables and page tables, then transfer execution to a program running in pro­
tected mode. 

Instruction Prefetch: Reading instructions into the processor from sequentially higher 
addresses in advance of execution; a technique for overlapping the execution of 
instructions. 

Instruction Restart: An ability to make a second attempt to execute an instruction which 
generates an exception. Instruction restart is necessary for supporting virtual memory. 
When an application makes reference to a segment or page which is not present in 
memory, the application must be suspended in a way which allows restarting after the 
operating system has brought the segment or page into physical memory. Instruction 
restart restores enough of the processor state to allow the exception handler to be called 
with a. return address pointing to the instruction which generated· the exception, rather 
than the instruction following it. 

Integer: A number (positive, negative, or zero) that is finite and has no fractional part. 
Integer can also mean the computer representation for such a number: a sequence of 
data bytes interpreted in a standard way. It is perfectly reasonable for integers to be 
represented in a floating-point format; this is what the FPU does whenever an integer is 
pushed onto the FPU stack. 
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Integer Bit: A part of the significand in floating-point formats. In these formats, the 
integer bit is the only part of the significand considered to be to the left of the binary 
point. The integer bit is always one, except in one case: when the exponent is the mini­
mum (biased exponent is zero), the integer bit is zero. In the extended format the 
integer bit is explicit; in the single format and double format the integer bit is implicit; 
i.e., is not actually stored in memory. 

Internal Cache: A cache memory on the processor chip. The Intel486 processor has 8K 
bytes of internal cache memory. 

Interrupt: A forced transfer of program control caused by a hardware signal or execution 
of the INT n instruction. Interrupt handlers called by software are processed like 
exceptions. 

Interrupt Descriptor Table (IDT): An array of gate descriptors for invoking the handlers 
associated with exceptions and interrupts. A handler may be invoked by a task gate, 
interrupt gate, or trap gate. 

Interrupt Gate: A gate descriptor used to invoke an interrupt handler. An interrupt gate 
is different from a trap gate only in its effect on the IF flag. An interrupt gate clears the 
flag (disables interrupts) for the duration of the handler. 

Invalid: Unallocated. Invalid cache lines do not cause cache hits. Valid cache lines have 
been loaded with data and may cause cache hits. 

Invalid Operation: The exception condition for the FPU that covers all cases not covered 
by other exceptions. Included are FPU stack overflow and underflow, NaN inputs, illegal 
infinite inputs, out-of-range inputs, and inputs in unsupported formats. 

Label: An identifier used to name places in the source code of a program, so that 
statements can refer to those places. Places named by labels include procedure entry 
points, beginning of blocks of data, and base addresses for descriptor tables; 

LDT: See Local Descriptor Table. 

Linear Address: A 32-bit address into a large, unsegmented address space. If paging is 
enabled, it translates the linear address into a physical address. If paging is not enabled, 
the linear address is used as the physical address. 

Local Descriptor Table (LDT): An array of segment descriptors for one program. Each 
program may have its own LDT, a program may share its LDT with another program,or 
a program may have no LDT, in which case, it uses the global descriptor table (GDT). 

Locked Instructions: Instructions which read and write a destination in memory without 
allowing other devices to become bus masters between the read cycle and the write cycle. 
This. mechanism is necessary for supporting reliable communications among multiproces­
sors. The mechanism is invoked using the LOCK instruction prefix. Only certain instruc­
tions may be locked, and only when they have destination operands in memory (other 
uses of the LOCK prefix generate an invalid-opcode exception). 
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Logical Address: The number used by application programs to reference virtual memory. 
This number consists of two parts: a segment selector (16 bits) and an offset (32 bits). 
The segment selector is used to specify an independent, protected address space (seg­
ment). The offset is used as an address within that segment. Segmentation translates the 
logical address into a linear address. 

Long Integer: An integer format supported by the FPU that consists of a 64-bit two's 
complement quantity. 

Long Real: An oldertetm for the FPU's 64-bit double format. 

Main Memory: The large memory, external to the processor, used for holding most 
instruction code and data. Generally built from cost-effective DRAM memory chips. 
May be used with the internal cache of the processor and an optional external cache. 

Mantissa: A term used with some non-Intel computers for the significand of a floating­
point number. 

Masked: A term that can apply to each of the six FPU exceptions I, D, A, 0 U, P. An 
exception is masked if a corresponding bit in the FPU control word is set to one. If an 
exception is masked, the FPU will not generate an interrupt when the exception comli­
tion occurs; it will instead provide its own exception recovery. 

Memory Management: Support for simplified models of memory; a process consisting of 
address translation and protection checks. There are two forms of memory management, 
segmentation and paging. Segmentation provides protected, independent address spaces 
(segments). Paging .provides access to data structures larger than the available memory 
space by keeping them partly in memory and partly on disk. 

Microprocessor: See Processor. 

Miss: See Cache Miss. 

Mode: (1) One of the FPU status word fields "rounding control" and "precision control" 
which programs can set, sense, save, and restore to control the execution of subsequent 
arithmetic operations. (2) See Real-Address Mode, Protected Mode, . Virtual-8086 Mode, 
Supervisor Mode, User Mode. . 

ModR/M Byte: A byte following an instruction opcode which is used to specify instruc­
tion operands. 

MPU: Micro-Processor .Unit. See Processor. 

Multiprocessing: Using more than one processor in a system. The Intel486 processor 
supports two kinds of multiprocessing: coprocessors, which are special-purpose 
performance-enhancing extensions to the architecture and instruction set, and multiple 
general-purpose processors, such as additional Intel486 processors. 
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Multisegmented Model: A memory organization in which different segments are mapped 
to, different ranges of linear addresses . .This organization uses segmentation to protect 
data structures from damage caused by program errors. For example, the stack can be 
kept from growing into memory occupied by instruction code. 

Multitasking: Timesharing a processor among several programs, executing some number 
of instructions from each. The Intel486 processor has instructions and data structures 
whiCh support multitasking. 

NaN: An abbreviation for "Nota Number"; a floating-point quantity that does not rep­
resent any numeric or infinite quantity. NaN's should be returned by functions that 
encounter serious errors. If created during a sequence of calculations, they are transmit­
ted to the final answer and can contain information about where the error occurred. 

Near Pointer: A reference to memory without a segment selector; an offset. Used to 
access memory when the segment selector has already been loaded into the processor, 
for example when one procedure calls another within the same segment. 

Normal: The representation of a number in a floating-point format in which the signifi­
cand has an integer bit one (either explicit or implicit). 

Normalize: Convert a denormal floating-point representation of a number to a normal 
representation. 

Offset: A 16- or 32-bit number which specifies a memory location relative to the base 
address of a segment. A program's code segment descriptor specifies whether 16- or 
32-bit offsets are the default. An address-size prefix specifies use of the non-default size: 

Operand: Data in a register or in memory which an instruction reads or writes (or both). 

Operand-Size Prefix: An instruction prefix which selects the sizes of integer operands. 
Operands may be 8- and 16-bit, or they may be 8- and 32-bit. The default operand size is 
specified by the D bit in the descriptor for the code segment which contains the instruc­
tion. Use of the operand-size prefix selects the non-default size. 

Overflow: A floating-point exception condition in which the correct answer is finite, but 
has magnitUde too great to be represented in the destination format. This kind of over­
flow (also called numeric overflow) is not to be confused with stack overflow. 

Packed BCD: Packed Binary Coded Decimal; a format for representing numbers in base 
10. One byte is used for each two digits of the number, with bit positions 0 to 3 specifying 
the value for the less significant digit and bit positions 4 to 7 specifying the value for the 
more significant digit. Packed BCD is one of the data types supported by the FPU. 

Packed Decimal: An integer format supported,by the FPU. A packed decimal number is 
alO-byte quantity, with nine bytes of 18 binary coded decimal digits and one byte for the 
sign. 

Glossary-10 



intel® GLOSSARY 

Page Directory: The first-level page table. The paging hardware of the Intel486 proces­
sor uses two levels of page tables, where the physical address produced by the first-level 
page table is the base address of the second-level page table. The use of two levels allows 
the second-level tables to be paged to disk. 

Page Directory Base Register (PDBR): A processor register which holds the base address 
of the page directory; same as the CR3 register. Because the contents of the PDBR 
register are loaded from the task state segment (TSS) during a task switch, each task can 
have its own page directory, so each can have a different mapping of virtual pages to 
physical pages. 

Page: A 4K-byte block of neighboring memory locations; the unit of memory used by 
paging hardware. 

Page Table: A table which maps part of a linear address to a physical address. The 
paging hardware of the Intel486 processor uses two levels of page tables, where the 
physical address produced by the first-level page table is the base address of the second­
level page table. The use of two levels allows the second-level tables to be paged to disk. 

Page Table Entry: A 32-bit data structure in memory used for paging. It includes the 
physical address for a page and the page's protection information. It is set up by oper­
ating system software and accessed by paging hardware. 

Paging: A form of memory management used to simulate a large, unsegmented address 
space using a small, fragmented address space and some disk storage. Paging provides 
access to data structures larger than the available memory space by keeping them partly 
in memory and partly on disk. 

PDBR: See Page Directory Base Register. 

Physical Address: The address which appears on the local bus. The Intel486 processor 
has a 32-bit physical address, which may be used to address as much as 4 gigabytes of 
memory. 

Physical Memory: The address space on the local bus; the hardware implementation of 
memory. Memory is addressed as 8-bit bytes, but it is implemented as 32-bit double­
words which start at addresses which are multiples of four (addresses which are clear in 
their two least significant bits). The Intel486 processor may have up to 4 gigabytes of 
physical memory. 

Precision: The effective number of bits in the significand of the floating-point represen­
tation of a number. 

Precision Control: An option, programmed through the FPU control word, that allows 
all FPU arithmetic to be performed with reduced precision. Because no speed advantage 
results from this option, its only use is for strict compatibility with IEEE Std 754 and 
with other computer systems. 
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Precision Exception: An FPU exception condition that results when a calculation does 
not return an exact answer. This exception is usually masked and ignored; it is used only 
in extremely critical applications, when the user must know if the results are exact. The 
precision exceptions is called inexact in IEEE Std 754. 

Privilege Level: A protection parameter applied to segments and segment selectors. 
There are four privilege levels, ranging from 0 (most privileged) to 3 (least privileged). 
Level 0 is used for critical system software, such as the operating system. Level 3 is used 
for application programs. Some system software, such as device drivers, may be put in 
intermediate levels 1 and 2. 

Processor: The part of a computer system which executes instructions; also called micro­
processor, CPU, or MPU. 

Protected Mode: An execution mode in which the full 32-bit architecture of the proces­
sor is available. 

Protection: A mechanism which can be used to protect the operating system and appli­
cations from programming errors in applications. Protection can be used to define the 
address spaces accessible to a program, the kind of memory references which may be 
made to those address spaces, and the privilege level required for access. Any violation 
of these protections generates a general-protection exception. Protection can be applied 
to segments or pages. 

Pseudo-Descriptor: A 48-bit memory operand accessed when a descriptor table base 
register is loaded or stored. 

Pseudozero: One of a set of special values of the extended real format. The set consists 
of numbers with a zero significand and an exponent that is neither all zeros nor all ones. 
Pseudozeros are not created by the FPU but are handled correctly when encountered as 
operands. 

Quadword: A 64-bit operand. The COQ instruction can be used to convert a doubleword 
to a quadword. A quadword held in the EOX and EAX registers may be the dividend 
used with a doubleword divisor. 

Quiet NaN: A floating-point NaN in which the most significant bit of the fractional part 
of the significand is one. By convention, these NaN's can undergo certain operations 
without causing an exception. 

Re-entrant: Allowing a program to call itself; recursive. For certain kinds of problems, 
such as operations performed on hierarchical data structures, procedures which call 
themselves are simple and efficient solutions. On the Intel486 processor, procedures may 
be re-entrant, however tasks are not. A task may not call itself because it has only one 
task state segment (TSS) for storing the processor state. Procedures store the processor 
state on the stack, so they may be re-entrant to an arbitrary number of levels. 
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Real-Address Mode: An execution mode which provides an emulation of the architecture 
of an 8086 processor; also called "real mode." In this mode the Intel486 processor 
appears as a fast 8086 processor. The architectural extensions for protection and multi­
tasking are not available in this mode. Following reset initialization, the Intel486 proces­
sor begins execution in real mode. 

Real: Any finite value (negative, positive, or zero) that can be represented by a(possibly 
infinite) decimal expansion. Reals can be represented as the points of a line marked off 
like a ruler. The term can also refer to a floating-point number that represents a real 
value. 

Requested Privilege Level (RPL): The privilege level applied to a segment selector. If the 
RPL is less privileged than the current privilege level (CPL), access to a segment takes 
place at the RPL level. This keeps privileged software from being used by an application 
to interfere with the operating system or other applications. For example, a privileged 
program which loads memory from disk should not be permitted to overwrite the oper­
ating system as a result of a call from an application. With RPL, the attempt to access 
the memory space of the operating system takes place with the privleges of the 
application. 

Reset: See Initialization. 

RPL: See Requested Privilege Level. 

Segment: An independent, protected address space. A program may have as many as 
16,383 segments, each of which can be up to 4 gigabytes in size. 

Segment Descriptor: A 64-bit data structure in memory used for segmentation. It 
includes the base address for a segment, its size (limit), its type, and protection informa­
tion. It is set up by operating system software and accessed by segmentation hardware. 

Segment-Override Prefix: An instruction prefix which overrides the default segment 
selection. There are six segmenFoverride prefixes, one each for the CS, SS, DS, ES, FS, 
and GS segments. 

Segment Selector: A 16-bit number used to specify an address space (segment). Bit 
position 3 to 15 are used as an index into a descriptor table. Bit position 2 specifies 
whether the global descriptor table (GDT) or local descriptor table (LDT) is used. Bit 
positions 0 and 1 are the requested privilege level (RPL), which may lower the priority of 
access, as an additional protection check. 

Segmentation: A form of memory management used to provide multiple independent, 
protected address spaces. Segmentation aids program debugging by reporting program­
ming errors when they first occur, rather than when their effects become apparent. 
Segmentation makes programs provided to the end-user more reliable by limiting the 
damage which can be caused by undetected errors. Segmentation increases the address 
space available .to a program by providing up to 16,383 segments, each of which can be 
up to 4 gigabytes in size. 

Glossary-13 



intel® GLOSSARY 

Set-Associative: A form of cache organization in which the location of a data block in 
main memory constrains, but does not completely determine, its location in the cache. 
Set-associative organization is a compromise between direct-mapped organization, in 
which· data from a given address in main memory has only one possible cache location, 
and fully-associative organization, in which data from anywhere in main memory can be 
put anywhere in the cache. An "n-way set-associative" caphe allows data from a given 
address in main memory to be cached in any of n locations. Both the Translation Looka­
side Buffer (TLB) and the integral cache of the Intel486 processor have a four-way 
set-associative organization. 

Short Integer: An integer format supported by the FPU that consists of a 32-bit two's 
complement quantity. Short integer is not the shortest FPU integer format-the 16-bit 
word integer is. 

Short Real: An older term for the FPU's 32-bit single format. 

SIB Byte: A byte following an instruction opcode and modR/M bytes which is used to 
specify a scale factor, index, and base register. 

Sign Extension: Conversion of data to a larger format, where empty bit positions are 
filled with the value of the sign. This form of conversion preserves the value of signed 
integers. See Zero Extension. 

Signaling NaN: A floating-point NaN that causes an invalid-operation exception when­
ever it enters into a calculation or comparison, even an unordered comparison. 

Significand: The part of a floating-point number that consists of the most significant 
nonzero bits of the number, if the number were written out in an unlimited binary 
format. The significand is composed of an integer bit and a fraction. The integer bit is 
implicit in the single format and double format. The significand is considered to have a 
binary point after the integer bit; the binary point is then moved according to the value 
of the exponent. 

Single Extended: A floating-point format, required by the IEEE Std 754, that provides 
greater precision than single; it also provides an explicit integer bit in the significand. 
The FPU's extended format meets the single extended requirement as well as the double 
extended requirement. . 

Single Format: A floating-point format supported by the FPU, which consists of a sign, 
an 8-bitbiased exponent, an implicit integer bit, and a 23-bit significand-a total of 32 
explicit bits. 

Stack Fault: A special case of the invalid-operation exception which is indicated by a one 
in the SF bit of the status word. This condition usually results from stack underflow or 
overflow in the FPU. 

Stack Frame: The space used on the stack by a procedure. The stack frame includes 
parameters, return addresses, saved registers, temporary storage, and any other stack 
space the procedure uses. 
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Stack Segment: A data segment which is used to hold a stack. A stack segment may be 
expand-down, which allows the segment to be resized toward lower address. The type of 
information held in a segment is specified in its segment descriptor. 

Status Word: A 16-bit FPU register that can be manually set, but which is usually con­
trolled by side effects to FPU instructions. It contains condition codes, the FPU stack 
pointer, busy and interrupt bits, and exception flags. 

String: A sequence of bytes, word, or doublewords which may start at any byte address in 
memory. The Intel486 processor has instructions for efficient operations on strings. 

Supervisor Mode: The privilege level applied to operating system pages. Paging only 
recognizes two privilege levels: supervisor mode and user mode. A program executing 
from a segment at privilege level 0, 1, 2 is in supervisor mode. 

Table: An array of records in memory having equal size. 

Tag Word: A 16-bit FPU register that it automatically maintained by theFPU. For each 
space in the FPU stack, it tells if the space is occupied by a number; if so, it gives 
information about what kind of number. 

Tag Word: A 16-bit FPU register that it automatically maintained by the FPU. For cach 
space in the FPU stack, it tells if the space is occupied by a number; if so, it gives 
information about what kind of number. 

Tag: The part of a cache line which holds the address information used to determine if a 
memory operation is a hit or a miss on that cache line. 

TaskRegister: A register which holds a segment selector for the current task. The selec­
tor references a task state segment (TSS). Like the segment registers, the TR register 
has a visible part and an invisible part. The visible part holds the segment selector, and 
the invisible part holds information cached from the segment descriptor for the TSS. 

Task State Segment (TSS): A segment used to store the processor state during a task 
switch. If a separate I/O address space is used, the TSS holds permission bits which 
control access to the I/O space. Operating systems may define additional structures 
which exist in the TSS. . 

Task Switch: A transfer of execution between tasks; a context switch. Unlike the proce­
dure calls, which save only the contents of the general registers, a task switch saves most 
of the processor state. For example, the registers used for address translation are 
reloaded, so that each task can have a different logical-to-physical address mapping. 

Task: A program running, or waiting to run, in a multitasking system. 

Temporary Real: An older term for the FPU's 80-bit extended format. 

Tiny: Of or pertaining to a floating-point number that is so close to zero that its expo­
nent is smaller than smallest exponent that can be represented in the destination format. 
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TLB: See Translation Lookaside Buffer. 

Top: The three-bit field of the status word that indicates which FPU register is the 
current top of stack. 

Trimscendental: One of a class of functions for which polynomial fo~mulas are always 
appropriate, never exact for more than isolated values. The FPU supports trigonometric, 
exponential, and logarithmic functions; all are transcendental. 

Translation Lookaside Buffer (TLB): The on-chip cache for page table entries. In typical 
systems, about 99% of the references to page table entries can be satisfied by informa­
tion in the TLB. 

Trap: An exception which is reported at the instruction boundary immediately following 
the instruction which generated the exception. 

Trap Gate: A gate descriptor used to invoke an exception handler. A trap gate is differ­
ent from an interrupt gate only in its effect on the IF flag. Unlike an interrupt gate, 
which clears the flag (disables interrupts) for the duration of the handler, a trap gate 
leaves the flag unchanged. 

TS8: See Task State Segment. 

Two's Complement: A method of representing integers. If the uppermost bit is zero, the 
number is considered positive, with the value given by the rest of the bits. If the .upper­
most bit is one, the number is negative, with the value obtained by subtracting (2M count) 

from all the given bits. For example, the 8-bit number 11111100 is -4, obtained by 
subtracting 28 from 252. 

Unbiased Exponent: The true value that tells how far and in which direction to move the 
binary point of the significand of a floating-point number. For example, if a single­
format exponent is 131, we subtract the Bias 127 to .obtain the unbiased exponent + 4. 
Thus, the real number being represented is the significand with the binary point shifted 
4 bits to the right. 

Underflow: An exception condition in which the correct answer is nonzero, but has a 
magnitude too small to be represented as a normal number in the destination floating­
point format. IEEE Std 754.specifies that an attempt be made to represent the number 
asa denormal. This. denormalization may result in a loss of significant bits from the 
significand., This kind of underflow (also called numeric overflow) is not be confused 
with stack overflow. 

Unmasked: A term that can apply to each of the six FPU exceptions: I, D, Z, 0, U, P. 
An exception is unmasked if a corresponding bit in the FPU control word is set to zero. 
If an exception is unmasked, the FPU will generate an interrupt whent he exception 
condition occurs. You can provide an interrupt routine that customizes your exception 
recovery. 
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Unnormal: An extended real representation in which the explicit integer bit of the sig­
nificand is zero and the exponent is nonzero. Unnormal values are not supported by the 
FPU. This includes several formats that are recognized by the 8087 and 287 coproces­
sors; they cause the invalid-operation exception when enc·ountered as operands. 

Unsupported Format: Any number representation that is not recognized by the FPU. 
This includes several formats that are recognized by the 8087 and 287 coprocessors; 
namely: pseudo-NaN, pseudoinfinity, and unnormal. 

USE16: An assembly language directive for specifying 16-bit code and data segments. 

USE32: An assembly language directive for specifying 32-bitcode and data segments. 

User Mode: The privilege level applied to application pages. Paging only recognizes two 
privilege levels: supervisor mode and user mode. A program executing from a segment at 
privilege level 3 is in user mode. 

V86 Mode: See Virtual-8086 Mode. 

Valid: Allocated. Valid cache lines have been loaded with data and may cause cache hits. 
Invalid cache lines do not cause cache hits. 

Vector: A number used to identify the source of an exception or interrupt. A vector i~ 
used to index into the IDT table for a gate descriptor. The gate descriptor is used to call 
the handler for the exception or interrupt. 

Virtual Memory: The memory model for application programs; a simplified organization 
for memory supported by memory management hardware and operating system soft­
ware. On the Intel486 processor, virtual memory is supported by segmentation and pag­
ing. Segmentation is a mechanism for providing multiple independent, protected address 
spaces. Paging is a mechanism for providing access to data structures larger them physical 
memory by keeping them partly in memory and partly on disk. 

Virtual-8086 Mode: An execution mode which provides an emulation of the architecture 
of an 8086 processor. Unlike real-address mode, virtual-8086 mode is compatible with 
multitasking; a protected mode operating system may be used to run a mix of protected 
mode and virtual-8086 mode tasks. 

Word: A 16-bit quantity of memory. The Intel486 processor allows 16-bit words to begin 
at any byte address, but a performance penalty is taken when a word crosses the bound­
ary between two doublewords in physical memory. 

Word Integer: An integer format supported by the Intel486 processor that consists of a 
16-bit two's complement quantity. 

Write-Back: A form of caching in which memory writes load only the cache memory. 
Data propagates to main memory when a write-back operation is invoked. 
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Write-Through: A form of caching in which memory writes load both the cache memory 
and main memory. 

Zero Divide: An exception condition in which floating-point inputs are finite, but the 
correct answer, even with an unlimited exponent, has infinite magnitude. 

Zero Extension: Conversion of data to.a larger format, where empty bit positions are 
filled with zero. This form of conversion preserves the value of unsigned integers. See 
Sign Extension. 
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AAA (ASCII adjust AL after addition), flag 
cross-reference, B-1 
instruction description, 3-10 
instruction format and timing, E-lO 
instruction specification, 26-18 
one-byte opcode map, A-4 
status flag summary, C-l 

AAD (ASCII adjust AX before division), 
flag cross-reference, B-1 
instruction description, 3-11 
instruction format and timing, E-ll 
instruction specification, 26-19 
one-byte opcode map, A-4 
status flag summary, C-l 

AAM (ASCII adjust AX after multiplication), 
flag cross-reference, B-1 
instruction description, 3-11 
instruction format and timing, E-10 
instruction specification, 26-20 
one-byte opcode map, A-4 
status flag summary, C-l 

AAS (ASCII adjust AL after. subtraction), 
flag cross-reference, B-1 
instruction description, 3-11 
instruction format and timing, E-I0 
instruction specification, 26-21 
one-byte opcode map, A-4, A-5 
status flag summary, C-l 

aborts, 
exception conditions, 9-13 
exception description, 9-2 
exception processor-detected, 9-1 

absolute address, and JMP instruction, 3-24 
AC flag (alignment check mode - bit 18), 

system flag description, 4-2 
accessed bit, 

page table entries, 5-21 
segment register loading, 3-39 

ADC (add integers with carry), 
flag cross-reference, B-1 
instruction description, 3-7 
instruction specification, 26-22 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4 
status flag summary, C-1 

ADD (add integers), 
flag cross-reference, B-1 
instruction description, 3-7 
instruction specification, 26-24 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4 
status flag summary, C-l 

address-size prefix, instruction format, 2-16 
addressable domain, restrictions to, 6-23 
addressing-mode, 

FPU architecture, 19-1 
instruction specifier, 2-16 

AF (auxiliary carry flag), status flag, 2-14 
AH (8-bit general register), 

and AAA instruction, 3-10 
and AAD instruction, 3-11 
and AAM instruction, 3-11 
and AAS instruction, 3-11 
register description, 2-8 

AHOLD input, and self test, 10-1 
AL (8-bit general register), 

and AAA instruction, 3-10 
and AAD instruction, 3-11 
and AAM instruction, 3-11 
and AAS instruction, 3-11 
and binary arithmetic instructions, 3-6 
and CBW instruction, 3-6 
and CMPXCHG instruction, 3-43 
and DAA instruction, 3-10 
and DIY instruction, 3-9 
and immediate operands, 2-18 
and LODS instruction, 3-30 
and MOY instruction, 3-2 
and MUL instruction, 3-8 
and SCAS instruction, 3-29 
and STOS instruction, 3-30 
and XLATB instruction, 3-42 
register description, 2-8 

alignment, 
and LOCK prefix, 13-2 
and pseudo-locking, 13-3 
of data type addresses, 2-4 

alignment-check exception, 
and AC flag, 4-2 
and Intel486 processor, 2-24 

alignment-check fault, Interrupt 17 (alignment 
check), 9-23 

AM bit (alignment mask-bit 18), system 
control flag, 4-7 

ANaN indefinite, and stack exception, 16-20 
AND (logical and), 

flag cross-reference, B-1 
instruction description, 3-12 
instruction specification, 26-26 
mod RIM byte opcodes, A-8 
one-byte opcode map, A-4 
status flag summary, C-2 

architecture, Intel486 Floating Point Unit 
(FPU),15-1 

arithmetic instructions, 
and EFLAGS register, 2-13 
and immediate operands, 2-18 
and nonarithmentic instructions, 16-2 
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ARPL (adjust RPL field of selector), 
flag cross-reference, B-1 
instruction format and timing, E-12 
instruction specification, 26-27 
one-byte .opcode map, A-4 
pointer integrity, 6-22 

ASM386/486 assembler, 
and FPU numeric applications, 18-4 
and FPU register addressing modes, 15-1 
and Intel486 Floating Point Unit(FPU), 

14-6 
automatic exception handling, numeric 

exceptions, 16-18 
automatic locking, and LOCK#; 13-3 
A VL field, I/O addressing, 8-1 
AX (16-bit general register), 

and CMPXCHG instruction, 3-43 
and CWD instruction, 3-4 
and CWDE instruction, 3-6 
and DIV instruction, 3-9 
and MUL instruction, 3-8 
and SCAS instruction, 3-29 
andSTOS instruction, 3-30 
register description, 2-8 

B bit, and Intel 8087 compatibility, 15-2 
base, 

effective-address computation, 2-22 
segment descriptors, 5-10 

base address, 
and effective address, 2-21 
and segment descriptor, 2~2 
and segment descriptors, 5-10 
and segmented address space, 2-3 

BCD (binary coded decimal), data type, 2-6 
benign exceptions, and Interrupt 8 (double 

fault), 9-16 
BH (8-bit general register), register 

description, 2-8 
bidirectional port, and input/output, 8-1 
binary arithmetic instructions, and application 

programming, 3-6 
binary integers, FPUdata type, 15-11 
bit block transfer, and double-shift 

instructiorts,3-19 
bit field, data type, 2-6 
bit string, data. type, 2-6 
BL (8-bit general register), r~gister 

description, 2-8 
block I/O instructions, 

INS (input string from port), 8-5 
OUTS (output string from port), 8-6 

block-structured language, 
instructions, 3-30 
lexical level, 3-32 

Boolean expressions, and byte-set~on-condition 
instructions, 3-22 

BOUND (check array index against bounds), 
flag cross-reference, B-1 
general description, 3-27 

instruction format and timing, E-13 
instruction specification, 26-29 
one-byte opcode map, A-4 

bounds-check exception, and Intel486 
. processor, 2-23 

bounds-check fault, Interrupt 5 (bounds 
check), 9-15 

BP (16-bit general register), register 
description, 2-8 

breakpoint exception, 
debugging support, 11-1 
and Intel486 processor, 2-23 

breakpoint instruction, debugging support, 
11-1 . 

breakpoint trap, Interrupt 3 (breakpoint 
instruction), 9~14, 11-9 

breakpoints, and debug registers, 4-8, 11-5 
BSF (bit scan forward), 

flag cross-reference, B-1 
instruction description, 3-12 
instruction format and timing,Ec9 
instruction specification, 26-31 
status flag summary, C-2 
two-byte opcode map, A-7 BSR (bit scan 

reverse), 
flag cross-reference, B-1 
instruction description, 3-12 
instruction forinat and timing, E-9 
instruction specification, 26-33 
status flag summary, C-2 
two-byte opcode map, A-7 

BSWAP (byte swap), 
flag cross-reference, B-1 
instruction description, 3-46 
instruction format and timing, E-6 
instruction specification, 26-35 
two-byte opcode map, A-7 

BT (bit test), 
flag cross-reference, B-1 
instruction description, 3-12 
instruction format and timing, E-9 
instruction specification, 26-36 
modR/M byte opcodes, A-8 
status flag summary, C-3 
two-byte opcode map, A-6 

BTC (bit test and complement), 
flag cross-reference, B-1 
instruction description, 3-12 
instruction specification, 26-38 
status flag summary, C-3 
two-byte opcode map, A-7 

BTR (bit test and reset), 
flag cross-reference, B-1 
instruction description, 3-12 
instruction. specification, 26-40 

. modR/M byte opcodes, A-8 
status flag summary, C-3 
two-byte opcode map, A-6 
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BTS (bit test and set), 

flag cross-reference, B-1 
instruction description, 3-12 
instruction specification, 26-42 
modR/M byte opcodes, A-8 
status flag summary, C-3 
two-byte opcode map, A-7 

bus masters, 
and LOCK prefix, 13-2 
and processor communication, 13-1 

busy bit, 
and re-entrant task switching, 7-12 
and TSS descriptor, 7-3 

BX (16-bit general register), register 
description, 2-8 

byte, data type, 2-3 

C programs, and FPU numeric applications, 
18-1 

C-386/486, and FPU numeric applications, 
18-1 

cache, 
associative memories and tag, 12-1 
consistency and mUltiprocessing systems, 

13-1 
consistency and· multiprocessor systems, 

12-1 
control bits and page table entries, 5-22 
disabling bits and internal cache, 12-2 
external cache, 12-1 
hit and associative memory tag, 12-1 
initialization testing, 10-10 
internal cache, 12-1 
line fill and cache lines, 12-2 
lines and internal cache, 12-1 
miss and associative memory tag, 12-1 
structure, 10-10 
test operations, 10-13 
test registers, 10-12 

cache management, 
instructions (system programming), 4-9 
INVD (invalidate cache), 12-3 
PCD bits (page-level cache disable), 12-4 
WBINVD (write-back and invalidate 

cache), 12-3 
caching, 

and I/O data, 8-4 
and page-level management, 12-3 
and write-back, 12-2 
and write-through, 12-2 
enable and initialize, 10-4 

CALL ( call procedure), 
flag cross-refe.rence, B-1 
general description, 3-24 
instruction format and timing, E-7, E-8 
instruction specification, 26-44 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4, A-5 

INDEX 

call gates, and control transfers, 6-11 
carry flag instructions, and CF flag, 3-37 
CBW (convert byte to word), 

flag cross-reference, B-1 
instruction description, 3-6 
instruction format and timing, E-6 
instruction specification, 26-51 
one-byte opcode map, A-4, A-5 

CD bit (cache disable - bit 30), system control 
flag, 4-6 . 

CDQ (convert doubleword to quadword), 
instruction description, 3-4 
instruction specification, 26-64 

CF (carry flag), status flag, 2-14 
CF flag, 

and binary arithmetic instructions, 3-6 
and carry flag instructions, 3-37 
and DEC instruction, 3-6 
and INC instruction, 3-6 

CH (8-bit general register), register 
description, 2-8 

CL (8-bit general register), 
and shift instructions, 3-13 
register description, 2-8 

CLC (clear carry flag), 
flag cross-reference, B-1 
instruction format and timing, E-10 
instruction specification, 26-52 
one-byte opcode map, A-5 

CLD (clear direction flag), 
flag cross-reference, B-1 
instruction format and timing, E-10 
instruction specification, 26-53 
one-byte opcode map, A-5 

CLI (clear interrupt-enable flag), 
and INTR interrupts, 9-3 
flag cross-reference, B-1 
instruction format and timing, E-lO 
instruction specification, 26-54 
one-byte opcode map, A-5 
sensitive instructions, 8-6 

CLTS (clear task-switched flag in CRO), . 
flag cross-reference, B-1 
instruction format and timing, E-11 
instruction specification, 26-55 
privileged instruction, 6-19 
two-byte opcode map, A-6 

CMC (complement carry flag), 
flag cross-reference, B-1 
instruction format and timing, E-lO 
instruction specification, 26-56 
one-byte opcode map, A-4 

CMP (compare two operands), 
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flag cross-reference, B-1 
instruction description, 3-8 
instruction format and timing, E-4 
instruction specification, 26-57 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4, A-5 
status flag summary, C-2 
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CMPS (compare strings), 
flag cross-reference, B-1 
instruction description, 3-29 
instruction format and timing, E-9 
instruction specification, 26-59 
status flag summary, C-2 

CMPSB (compare bytes), 
instruction specification, 26-59 
one-byte opcode map, A-4 

CMPSD (compare doublewords), 
instruction specification, 26-59 . 
one-byte opcode map, A-4 

CMPSW (compare words), 
instruction specification, 26-59 
one-byteopcode map, A-4 

CMPXCHG (compare and exchange), 
flag cross-reference, B-1 
instruction description, 3-48 
instruction format and timing, E-6 
instruction specification, 26-62 
status flag summary, C-2 
two-byte opcode map, A-6 

code segments, 
and CS register, 2-11 
and data access, 6-8 
and segment descriptors, 5-13 

comparison instructions, floating-point 
instructions, 17-4 

compatibility, 
Intel486 Floating Point Unit (FPU), 14-1 
initialization, 10-1 
Inte1386/InteI387 DX processor differences, 

25-1 
Intel 286/Inte1287 processor differences, 

25-2 
Intel 8086/8087 processor differences, 25-10 

concurrent processing, IU and FPU, 18-12 
condition codes, and EFLAGS register, 2-13 
conditional branching example, numeric 

programming, 20-1 
conforming segment, and control transfer 

restrictions, 6-9 
constant instructions, floating-point 

instructions, 17-6 
contributory exceptions, and Interrupt 8 

(double fault), 9-16 . 
control instructions, floating-point instructions, 

17-6 
control registers, of Intel486 processor, 2-8 
control transfers, 

and call gates, 6c 11 
and gate descriptors, 6-11 
instructions and application programming, 

3-23 
restrictions to, 6-9 

coprocessor-not-available exception, and EM 
con trol flag, 4-7 

coprocessor-segment overrun abort, Interrupt 
9 (Intel reserved), 9-17 

copy-on-write strategy, and user-mode write 
protect, 6-24 

CPL (current privilege level), 
and control transfer restrictions, 6-9 
and CS segment register, 6-6 
and data access restrictions, 6-7 

CRO (system control register), 
and AC flag, 4-2 
and paging, 2-2, 5-2 
and PG bit, 5-.18 . 
register description, 4-5 

CR1 (system control register), register 
description, 4-5 

CR2 (system control register), register 
description, 4-5 

CR3 (system control register), 
and page frame address, 5-18 
and page-directory register (PDBR), 4-6 
register description, 4-5 

CS (segment register), 
and code segment, 2-11 
and CPL (current privilege level), 6-6 
and far control transfer instructions, 3-40 
register description, 2-10 

CWD( convert word· to doubleword), 
flag cross-reference, B-1 
instruction description, 3-4 
instruction format and timing, E-6 
instruction specification, 26-64 
one-byte opcode map, A-4, A-5 

CWDE (convert word to doubleword 
extended), 

instruction descriptiori, 3-6 
instruction specification, 26-51 

CX (16-bit general register), register 
description, 2-8 

D bit, segment descriptors, 5-12 
DAA (decimal adjust AL after addition), 

flag cross-reference, B-1 
instruction description, 3-10 
instruction format and timing, E-11 
instruction specification, 26-65 
one-byte opcode map, A-4 
status flag summary, C-1 

DAS (decimal adjust AL after subtraction), 
flag cross-reference, B-1 . 
instruction description, 3-10 
instruction format and timing, E-11 
instruction specification, 26-66 
one-byte opcode map, A-4, A-5 
status flag summary, C-1 

data access, 
code segments shared data, 6-8 
restrictions to, 6-7 
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data bus, and doubleword transfers, 2-6 
data movement instructions, 

and application programming, 3-1 
and LOCK prefIx, 13-2 . 

data segment, 
and DS register, 2-11 
and ES register, 2-11 
and FS register, 2-11 
and OS register, 2-11 
and segment descriptor, 5-13 
descriptor and writable bit, 6-3 

data transfer instructions, floating-point 
instructions, 17-2 

data type,. 
BCD,2-6 
bit field, 2-6 
bit string, 2-6 
byte, 2-3 
doubleword, 2-4 
far pointer, 2-6 
floating-point, 2-6 
integer, 2-6 
near pointer, .2-6 
ordinal, 2-6 
packed BCD, 2-6 
string, 2-6 
word,2-3 

data type encoding, and unsupported formats, 
16-13 

data types and formats, Intel486 Floating 
Point Processor (FPU), 15-9 

data-breakpoint trap, Interrupt 1 (debug 
exceptions), 9-14, 11-6 

debug address registers (DRO-DR3), 
debugging support, 11-1 
for breakpoint linear address, 11-2 

debug control register (DR7), 
debugging support, 11-1 
for breakpoint memory access, 11-2 

debug exception, 
and Intel486 processor, 2-23 
and RF flag, 4-3, 9-4 
and TF flag, 4-3 

debug interrupt vector, debugging support, 
11-1 . 

debug status register (DR6), 
conditions sampled, 11-4 
debugging support, 11-1 

debugging, 
Intel486 processor facilities, 11-1 
instructions for system programming, 4-9 

DEC (decrement by one), 
and CF flag, 3-6 
flag cross-reference, B-1 
instruction description, 3-8 
instruction specification, 26-67 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4, A-5 
status flag summary, C-2 

decimal arithmetic instructions, and 
application programming, 3-10 

decimal integers, FPU data type, 15-12 
default segment, assignment of, 2-19 
defining data, ASM386/486, 18-4 
demand-paged virtual memory, and paging, 5-2 
denormal real numbers, FPU data formats, 

16-1 
denormal-operand exception, 

denormal operand, 16-22 
numeric exceptions, 16~ 17. 
pseudodenormal numbers, 16-13 

descriptor table addressing, instructions 
(system programming), 4c9 

descriptor table base registers, 
ODTR register, 5-16 
IDTR register, 5-16 
segment descriptors, 5-16 

descriptor validation, 
VERR (verify for read), 6-21 
VERW (verify for write), 6-21 

destination operand, 
for binary arithmentic instructions, 3-6 
for floating-point instructions, 17-1 
for two-operand instructions, 2-17 

device drivers, and privilege levels, 6-6 
device-not-available fault, 

and Intel486 processor, 2-23 
Interrupt 7 (device not available), 9-15 

DF (direction flag), 
direction flag control instructions, 3-37 
EFLAOS register, 2-13 

DH (8-bit general register), register 
description, 2-8 

DI (16-bit general register), register 
description, 2-8 

direct load instructions, and segment registers, 
5-7 

directed rounding,· FPU rounding control, 
15-16 

direction flag control instructions, and DF 
flag, 3-37 

dirty bits, and page table entries, 5-21 
displacement, 

effective address, 2-21 
instruction format, 2-16 

display, stack frame pointer set, 3-30 
DIV (unsigned divide), 

flag cross-reference, B-1 
general description and flags, 3-9 
instruction format and. timing, E-5 
instruction specification, 26-68 
modRiM byte opcodes, A-8 
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divide-by-zero, numeric exceptions, 16-17 
divide-error .exception, and Intel486 processor, 

2-23. 
divide-error fault, Interrupt 0 ( divide error), 

9-14' . '. .. 
division by zero, and zero-divide exception, 

16-21 
DL (8-bit general register), register 
description, 2-8 
double real, numeric data type; 14-6 
double-shift instructions, 

and bit block transfer, 3-19 
and string insertion/extraction, 3-19 

doubleword; . 
data type, 2"4 
data bus transfers,. 2-6 

DPL (descriptor privilege level), 
and control transfer restrictions, 6-9 
and data access restrictions, 6-7 
and segment descriptors, 6-6 
and segment privilege level,.5-14 

DS (segment register), 
and application program, 2-12 
and data segment, 2" 11 
register description, 2-10 

DX (16-bit general register), 
and CWD instruction, 3-4 
regist~rdescription, 2-8. . 

dynamic storage, and ENTER instruction, 3-30 

E bit (expansion direction bit), and segment 
descriptor, 6-4 

EAX (32-bit general register), . 
and binary arithmetic instructions, 3-6 
and CDQ instruction, 3-4 
and CMPXCHG instruction, 3-43 
and CWDE instruction, 3~6 
and DIV,instruction, 3-9 
and immediate operands, 2-18 
and IMUL instruction, 3-8 
and LODS instruction, 3-30 
and MOV instruction, 3-2 
and MUL instruction,' 3-8 
and PUSHA instruction, 3-3 
and SCAS instruction, 3-29 
and STOS instruction, 3-30 
register description, 2-8 

EBP (32-bit general register), 
and ENTER instructiori; 3-31 

. and LEAVE instruction, 3-35 
and PUSHA instruction, 3-3 
register description, 2-8 

EBX (32-bit general register), 
and LEA instruction, 3-41 
and PUSHA instruction, 3-3 
and XLATB instruction, 3-42 
register description, 2-8 . 

ECX (32-bit general register); . 
and JECXZ instruction; 3-26 . 
and loop instructions, 3-25 

and LOOPE instruction, 3-26 
and LOOPNE instruction, 3-26 
and .LOOPNZ instruction, 3-26 
and LOOPZ instruction, 3-26 
and MOVS instruction, 3-29 
and PUSHA instruction, 3-3 
and three-operand instructions, 2-18 
register description, 2-8 

EDI (32-bit general register), 
and LEA instruction, 3-41 
and MOVS instruction, 3-29 
and PUSHA instruction, 3-3 
and STOS instruction, 3-30 
for string destination operand, 3-29 
registe~ description, 2-8 

EDX (32-bit general register), 
and CDQ instruction, 3-4 
and IMUL instruction, 3-8 
and PUSHA instruction, 3-3 
register description, 2-8 

effective address, components of, 2~21 
EFLAGS register, 

AC flag (alignment check mode-bit 18), 
4"2 

and arithmetic instructions; 2-13· 
and condition codes, 2-13 
and conditional transfer instructions, 3-24 
and DF (direction flag), 2-13 
and flag control instructions, 3-35 
and I/O protection, 8-6 
and IRET instruction, 3-24 
and mode bits, 2-13 
and string instructions, 2-13 
and system programming, 4~2 
as register operand, 2-19 
IF flag (interrupt-enable flag- bit 9), 4-3 
10PL flag (I/O privilege level- bits 12 and 

13),4-3 . 
NT flag (nested task-bit 14),4-3 
RF flag (resume flag- bit 16), 4-3 
TF flag (trap flag-bit 8), 4-3' . 
VM flag (virtual-8086 mode- bit 17), 4-3 

EIP register, 
and CALL instruction, 3-24 
and conditional jump instructions, 3-25 
and current code segment, 2-14 
and instruction prefetching, 2-15 
and RET instruction, 3-24 . 

EM bit (emulate coprocessor), numerics. 
environment configuration, 19-.2 

EM (emulation - bit ~), syst~m, control flag, 
4-7 

ENTER (make stack frame·for procedure), 
flag cross-reference" B-1 
general description, 3-30 
instruction format and timing, £-8' 
instruction specification, 26-70 
one-byte opcode map, A"5 
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ERROR#, and NE control flag, 4-7 
error codes, 

and exception handler, 9-13 
summary of, 9-24 

ES register, 
and application program, 2-12 
and data segment, 2-11 
segment register, 2-10 

ESCAPE instructions, and Intel486 Floating 
Point Unit (FPU), 14-5 

ESI (32-bit general register), 
and LEA instruction, 3-41 
and LaDS instruction, 3-30 
and MaYS instruction, 3-29 
and PUSHA instruction, 3-3 
for string source operand, 3-29 
register description, 2-8 

ESP (32-bit general register), 
and ENTER instruction, 3-31 
and LEAVE instruction, 3-35 
and POP instruction, 3-3 
and paPA instruction, 3-4 
and PUSH instruction, 3-2 
and PUSHA instruction, 3-3 
and RET instruction, 3-24 
register description, 2-8 

ET (extension type-bit 4), system control 
flag, 4-7 

exact arithmetic, and Intel486 Floating Point 
Unit (FPU), 14-4 

exception handling example, numeric 
programming, 20-1 

exception vector, identifying number, 9-1 
exceptions, 

alignment-check exception, 2-24 
and instruction prefetching, 2-15 
and instruction restart, 9-2 
and page mapping, 2-2 
and task switching, 7-1 
and trap gates, 6-11 
bounds-check exception, 2-23 
breakpoint exception, 2-23 
conditions causing, 9-13 
debug exception, 2-23 
description of, 2-23 
device-not-available exception, 2-23 
divide-error exception, 2-23 
for basic programming model, 2-23 
FPU simultaneous response, 19-4 
in real-address mode, 22-2, 22-5 
overflow exception, 2-23 
processing priority, 9-5, 16-26 
processor-detected, 9-1 
programmed software interrupts, 9-1 
summary of, 9-24 
synchronization, 18-13,18-14 

INDEX 

executable-segment descriptor, readable bit, 
6-3 

explicit operand, 
description of, 2-17 
in memory, 2-19 

extended format, and Intel486 Floating Point 
Unit (FPU), 14-6 

extended real, numeric data type, 3-38, 14-6 
external bus, and I/O instruction execution, 

8-1 
external cache, 

Intel486 processor, 12-1 
and write-back cache, 12-2 
and write-through cache, 12-2 

F2XMl (computer 2x-l), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-72 
numeric exception .summary, F-l 

FABS (absolute value), 
condition code interpretation; 15-4 
instruction format and timing, E-19 
instruction specification, 26-74 
numeric exception summary,F-l 

FADD (add), 
condition code interpretation, 15c4 
instruction format and timing, E-17 
instruction specification, 26-75· 
numeric exception summary, F-l 

FADDP (add), 
instruction format and timing, E-17 
instruction specification, 26-75 
numeric exception summary, F-l 

Far CALL, general description., 3-40 
far form, RET (return from procedure), 6-17 
far pointer, data type, 2-6 
Far RET, general description, 3-40 
far transfer, and unconditional trqnsfer 

instructions, 3-23 
faults, 

exception conditions, 9-13 
exception description, 9-2 
processor-detected exception, 9-1 

FBLD (load binary coded decimal), 
condition code interpretation, 15-4 
instruction format and timing, E-16 
instruction specification, 26-77 
numeric exception summary, F-l 

FBSTP (store binary coded decimal and pop), 
condition code interpretation, 15-4 
instruction. format and timing, E-16 
instruction specification, 26-79 
numeric exccption summary, F-l 

FCHS (change sign), 

Index-7 

condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-80 
numeric exception summary, F-l 



FCLEX (clear exceptions), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-81 
numeric exception summary, F-1 

FCOM (compare real), 
condition code interpretation, 15-4 
instruction format and timing, E-16 
instruction speCification, 26-82 
numeric exception summary, F-1 

FCOMP (compare real), ' 
condition code interpretation, 15-4 
instruction format and timing, E-16 
instruction specification, 26-82 
numeric exception summary, F-1 

FCOMPP (compare real), 
condition code interpretation, 15-4 
instruction format and timing; E-17 
instruction specification, 26"82 
numeric exception summary,F-l 

FCOS (cosine), 
condition code interpretation; 15-4 
instruction format and timing, E-19 
instruction specification, 26-84 
numeric exception summary, F-l 

FDECSTP (decrement stack-top pointer), 
instruction format and timing, E-20 
instruCtion specification, 26"86 
numeric exception summary; F-1 

FDIV (divide), 
condition code interpretation, 15-4 
instruction format and timing, E-18' 
instruction specification, 26-87 
numeric exception summary, F-1 

FDIVP (divide), 
instruction format and timing, E-18 
instruction speCification, 26-87 
numeric exception summary, F-l 

FDIVPR (reverse divide), 
instruction format and timing, E~ 18 
instruction specification, 26-89 
numeric exception summary, F-l 

FDIVR (reverse divide), , 
condition code interpretation, 15-4 
instruction format and timing, E-18 
instruction speCification, 26c89 
numeric exception summary, F-l 

FERR#, 
and NE control flag, 4-7 
and software exception handling, 16-19 

FFREE (free floating-point register), 
instruction format and timing, E-20 
instruction speCification, 26-91 
numeric exception summary, F-l 

FIADD (add), 
instruction format and, timing" E-18 
instruction speCification, 26-75 
numeric exception summary, F-l 

INDEX 

FICOM (compare integer), 
condition code interpretation, 15-4 
instruction format and timing, E-17 
instruction specification, 26-92 
numeric exception summary, F-1 

FICOMP (compare integer), 
condition code interpretation, 15-4 
instruction format and timing, E-17 
instruction, speCification, 26-92 
numeric exception summary, F-1 

FIDIV (divide), 
instruction format and timing, E-18 
instruction specification, 26-87 
numeric exception summary, F-1 

FIDIVR (reverse divide), 
instruction,format and timing, E-19 
instruction speCification, 26-89 
numeric exception summary,F-1 

FILD (load integer), 
condition code interpretation, 15-4 
instruction format and timing, E-16 
instruction speCification, 26-94 
numeric exception summary, ,F-1 

FIMUL (multiply), 
instruction format and timing, E-18 
instruction specification, 26-109 
numeric exception summary, F-1 

FINCSTP (increment stack-top pointer), 
condition code interpretation, 15-4 
instruction format and timing, E-20 
instruction specification, 26-96 
numeric exception summary, F-1 

FINIT (initialize floating-point unit), 
condition code interpretation, 15-4 
instruction format and timing,E-19 ' 
instruction specification, 26-97 
numeric exception summary, F-l' 

FIST (store integer), 
condition code interpretation, 15-4 
instruction format and timing, E-16 , 
instruction specification, 26-99 ' 
numeric exception summary, F-l 

FISTP (store integer), 
instruction format and timing,E-16 
instruction speCification, 26-99 
numeric exception summary, F-l 

FISUB (subtract), 
instruction format and timing, E-18 
instruction specification, 26-138 
numeric exception summary,F-l 

FISUBR (reverse subtract), 
instruction format and timing, E-18 
instruction specification, 26-140 
numeric exception summary, F-l 

flag control instructions, and application 
programming, 3-35 
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flat address space, memory organization 
model, 2-2, 2-3 

flat model, 
and segmentation, 5-3 
segment/page translation, 5-23 

flat model initialization, segmentation, 10-5 
FLD1 (load constant), 

instruction format and timing, E-17 
instruction specification, 26-103 
numeric exception summary, F-l 

FLD (local real), 
condition code interpretation, 15-4 
instruction format and timing, E-16 
instruction specification, 26-101 
numeric exception summary, F-1 

FLDCW (load control word), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-105 
numeric exception summary, F-1 

FLDENV (load FPU environment), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-107 
numeric exception summary, F-1 

FLDL2E (load constant), 
instruction format and timing, E-17 
instruction specification, 26-103 
numeric exception summary, F-1 

FLDL2T (load constant), 
instruction format and timing, E-17 
instruction specification, 26-103 
numeric exception summary, F-1 

FLDLG2 (load constant), 
instruction format and timing, E-17 
instruction specification, 26-103 
numeric exception summary, F-1 

FLDLN2 (load constant), 
instruction format and timing, E-17 
instruction specification, 26-103 
numeric exception summary, F-1 

FLDPI (load constant), 
instruction format and timing, E-17 
instruction specification, 26-103 
numeric exception summary, F-1 

FLDZ (load constant), 
instruction format and timing, E-17 
instruction specification, 26-103 
numeric exception summary, F-1 

floating-point, data type, 2-6 
floating-point detection code, 3-42 
floating-point instructions, 

comparison instructions, 17-4 
constant instructions, 17-6 
control instructions, 17-6 
data transfer instructions, 17-2 
destination operands, 17-1 
nontranscendental instructions, 17-2 
source operands, 17-1 
transcendental instructions, 17-4 

INDEX 

floating-point numerics configuration, 19-2 
floating-point numerics, instructions (system 

programming), 4-9 
floating-point to ASCII conversion example, 

numeric programming, 20-7 
floating-poi nt-error fault, Interrupt 16 

(floating-point error), 9-23 
FMUL (multiply), 

condition code interpretation, 15-4 
instruction format and timing, E-18 
instruction specification, 26-109 
numeric exception summary, F-l 

FMULP (multiply), 
instruction format and timing, E-18 
instruction specification, 26-109 
numeric exception summary, F-l 

FNCLEX (clear exceptions), instruction 
specification, 26-81 

FNINIT (initialize floating point unit), and 
FPU initialization, 19-2 

FNINIT (initialize floating-point unit), 
instruction specification, 26-97 

FNOP (no operation), 
instruction format and timing, E-20 
instruction specification, 26-111 
numeric exception summary, F-1 

FNSAVE (store FPU state), instruction 
specification, 26-123 

FNSTCW (store control word), instruction 
specification, 26-133 

FNSTENV (store FPU environment), 
instruction specification, 26-134 

FNSTSW (store status word), instruction 
specification, 26-136 

forking, See copy-an-write strategy 
FPATAN (partial arctangent), 

condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-112 
numeric exception summary, F-1 

FPREM1 (partial remainder), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-116 
numeric exception summary, F-1 

FPREM (partial remainder), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-114 
numeric exception summary, F-1 

FPTAN (partial tangent), 
condition code interpretation, 15-4 
instruction format and timing; E-19 
instruction specification, 26-118 
numeric exception summary, F-1 

FPU control word, and numerical exception 
masking, 15-5 

FPU data formats, 
and other entities, 16-1 
and special numeric values, 16-1 
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FPU data type, 

binary integers, 15-11 
decimal integers, 15-12 
real numbers, 15-12 

FPU register addressing modes, and 
ASM386/486 assembler, 15-1 

INDEX 

instruction specification, 26-134 
numeric exception summary, F-2 

FSTP (store real), 

FPU register stack, and numeric registers, 15-1 
FPU status word, and Integer Unit, 15-2 

condition code interpretation, 15-4 
instruction format and timing, E-16 
instruction specification, 26-131 
numeric exception summary, F-2 

FSTSW (store status word), 
FPU tag word, and numeric registers, 15-6 
FRNDINT (round to integer), 

condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-120 
numeric exception summary, F-1 

FRS TOR (restore FPU state), 
condition code interpretation, 15-4 
instruction format and timing, E-20 
instruction specification, 26-121 
numeric exception summary, F-1 

FS register, 
and application program, 2-12 
and data segment, 2-11 
segment register, 2-10 

FSAVE (store FPUstate), 
condition code interpretation, 15-4 
instruction format and timing, E-20 
instruction specification, 26-123 

FSCALE (scale), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-125 
numeric exception summary, F-1 

FSIN (sine), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-126 
numeric exception summary, F-2 

FSINCOS (sine and cosine), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-128 
numeric exception summary, F-2 

FSQRT (square root), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-130 
numeric exception summary, F-2 

FST (store real), 
condition code interpretation, 15-4 
instruction format and timing, E-16 
instruction specification, 26-131 
numeric exception summary, F-2 

FSTCW (store control word), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-133 
numeric exception summary, F-2 

FSTENV (store FPU environment), 
condition code interpretation, 15-4 
instruction format and timing, E-19 

condition code interpretation, 15"4 
instruction format and timing, E-19 
instruction specification, 26-136 
numeric exception summary, F-2 

FSUB (subtract), 
condition code interpretation, 15-4 
instruction format and timing, E-17 
instruction specification, 26-138 
numeric exception summary, F-2 

FSUBP (subtract), 
instruction format and timing, E-17 
instruction specification, 26-138 
numeric exception summary, F-2 

FSUBPR (reverse subtract), 
instruction format and timing, E-18 
instruction specification, 26-140 
numeric exception summary, F-2 

FSUBR (reverse subtract), 
condition code interpretation, 15-4 
instruction format and timing, E-18 
instruction specification, 26-140 
numeric exception summary, F-2 

FTST (test), 
condition code interpretation, 15-4 
instruction format and timing, E-17 
instruction specification, 26-142 
numeric exception summary, F-2 

FUCOM (unordered compare real), 
condition code interpretation, 15-4 
instruction format and timing, E-17 
instruction specification, 26-144 
numeric exception summary, F-2 

FUCOMP (unordered compare real), 
condition code interpretation, 15-4 
instruction format and timing, E~ 17 
instruction specification, 26-144 
numeric exception summary, F-2 

FUCOMPP (unordered compare real), 
condition code interpretation, 15-4 
instruction format and timing, E-17 
instruction specification, 26-144 
numeric exception summary, F-2 

FWAIT (wait), 
instruction specification, 26-146 
numeric exception summary, F-2 

FXAM (examine real), 
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FXCH (exchange register contents), 
condition code interpretation, 15-4 
instruction specification, 26-149 
numeric exception summary, F-2 

FXTRACT (extract exponent and significand), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-151 
numeric exception summary, F-2 

FYL2X (computey x log2x), 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instructioJ,1 specification, 26-153 
numeric exception summary, F-2 

FYL2XPI (compute y x log2 (x + 1», 
condition code interpretation, 15-4 
instruction format and timing, E-19 
instruction specification, 26-155 
numeric exception summary, F-2 

G bit (granularity bit), and segment descriptor, 
6-4 

gate descriptors, and control transfers 
protection, 6-11 

GD (global debug), 11-4 
GDTR (global descriptor table register), 

descriptor table base registers, 5-16 
register description, 4-4 

general registers, 
and IMUL instruction, 3-8 
and POP A instruction, 3-4 
and PUSHA instruction, 3-3 
as register operand, 2-19 
of Intel486 processor, 2-8 

general-detect fault, Interrupt 1 (debug 
exceptions), 9-14, 11-8 

general-protection exception, 
and multi-segment model, 5-5 
and privilege levels, 6-5 
and protected flat model, 5-4 

global descriptor table (GDT), 
segment descriptor tables, 5-15 
segment translation, 5-5 

gradual underflow, and denormal values, 16-4 
granularity bit, 

and TSS descriptor, 7-4 
segment descriptors, 5-10 

GS register, 
and application program, 2-12 
and data segment, 2-11 
segment register, 2-10 

handler, for exceptions and interrupts, 9-1 
high word, for doubleword data type, 2-4 
high-level languages, and FPU numeric 

applications, 18-1 
HLT (halt), 

flag cross-reference, B-1 
instruction format and timing, E-ll 
instruction specification, 26-157 

instructions (system programming), 4-11 
one-byte opcode map, A-4 
privileged instruction, 6-19 

Intel486 DX2 CPU, 1-1, 1-6 
Intel486 Floating Point Processor (FPU), 

applications, 14-4 
architecture, 15-1 
concurrent processing, 18-12 
data types and formats, 15-9 
history of, 14-1 
Intel486 processor, 14-1 
infinity operands, 16-8 
initialization, 19-2 
Intel387 DX emulation, 19-3 
NaN (not-a-number) operands, 16-8 
number system, 15-9 
numerics environment configuration, 19-2 
performance, 14-1 
precision control, 15-16 
programming interface, 14-5 
rounding control, 15-15 
system programming, 19-1 
zero operands, 16-6 

Intel486 Integer Unit (IU), 
concurrent processing, 18-12 
operation with FPU, 14-2 

Intel486 processor, 
control registers, 2-8, 4-5 
CPUjd code, 3-42 
debug registers, 4-8 
debugging facilities, 11-1 
external cache, 12-1 
features, 1-1 gate descriptors, 6-11 
general registers, 2-8 
initialization, 10-3 
Intel486 Floating Point Processor (FPU), 

14-1 
I/O instructions, 8-4 
initialization, 10-1 
input/output, 8-1 
internal cache, 12-1 
memory-management registers, 4-4 
mixing 16-bit and 32 bit code, 24-1 
multitasking mechanism, 7-1 
operating modes, 1-2 
operating status, 2-13 
real-address mode, 22-1 
segment registers, 2-8 
software emulation, 19-3 
status registers, 2-8 
system flags, 4-2 
system instructions, 4-9 
system registers, 4-1 
task linking, 7-11 
task switching, 7-7 
test registers, 4-8 
virtual-8086 mode, 23-1 
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Intel487SX CPU,' , 
CPUjd code, 3-42 
initialization, 10-3 , 
software emulation, 19-3 

I/O address space, 
and IOPL flag, 4-3, 
and physical memory, 8-2 
Intel486 processor, 8-1 

I/O instructions, , 
and Intel486 processor, 8-4 
and I/O privilege level, 8-6, 

I/O operations, and s~nsitive instructions, 6-19 
I/O permission bit map, and TSS (task state 

segment),8-7 
I/O port for operand selection, 2-17 
I/O privilege level, , ,: 

and I/O instruction 'access, 8-6 
and 10PL flag, 4-3 

IDEC (decrement by one),modR/M byte 
opcodes, A-8 

IDIV (signed divide); 
flag cross-reference, B-1 
instruction description, 3-10 
instruction format and timing, E-5 
instruction specification, 26-158 
modRIM byte opcodes, A-8 

IDT (interrupt descriptor table), 
exception/interrupt vectors, 9-5 
interrur.t gates, 9-7 
LIDT (load IDT register), ,9-7 
task gates, 9-7 
trap gates, 9-7 
types of, 9-7 , 

IDTR (interrupt descriptor table register)" 
descriptor table hase registers, 5-16 
register description, 4-5 

IEEE Standard 754, and unsupported formats, 
16-13., ", 

IEEE Standard 854, " 
and Intel486 Floating Point Processor 

(FPU), 14-1, " 
and invalid arithmetic operation, 16-21,' 
and standard underflow/overflow exception 

handler, 16-27 
IF flag (interrupt~eriableflag- bit 9), 

mask INTRinterrupts, 9-3 ' 
system flag descriptIOn, 4-3 IGNNE#, 
and NE control flag, 4c 7 
and software exception handling" 16-20 

immediate operand, instruction format, 2-16 
implicit operand, description of, 2-17 
implied load instructions, and segment 

registers, 5-7 
IMUL (signed multiply), 

flag cross-reference, B-1' 
general description and flags, 3-8 ' 
instruction format and timing, E~5, 
instruction specification; 26-160, 
modR/M byte opcodes, A-8 
one-byte opcode map; A-5. 

status flag summary,C-2 
two-byteopcode map, A-7 

IN (input from port), 
flag cross-reference, B-1 
instruction format and timing, E-15 
instruction specification, 26-162 
one-byte opcode map, A-4, A-5 
register I/O instructions, 8-5 
sensitive instructions, 8-6 

INC (increment by one), 
and CF flag, 3-6 
flag cross-reference, B-1 
instruction description, 3-7 
instruction specification, 26-164 
modRIM byte opcodes, A-8 
one-byte opcode map, A-4, A-5 
status flag summary, C~2 

inconsistent stack pointer, and page fault, 9"23 
indefinite value, and numeric data type, 16-12 
index component, 

and segment selectors; 5-9 
for effective address, 2-21 

inexact exception, 
and inexact (precision), 16-26 
and underflow exception, 16-26 

inexact result (precision), 
and inexact exception; 16-26 
numeric exceptions, 16-18 

infinity operands, and Intel486 Floating Point 
Processor (FPU), 16-8 

initialization, ' 
and Intel486 processor, 10-1 ' , 
Intel486 Floating Point Processor (FPU);' 

19-2 
inner protection rings, and stack switching, 

6-15 
input port, and input/output. 8-1 
input/output, 

and Intel486 process,or, 8"1 
instructions (system programming), 4-9 

INS (input from port to string), 
block I/O instructions, 8-5 
flag cross-reference, B-1 
instruction format and timing, E-15 
instruction specification, 26-165 
sensitive instructions, 8~6 

INSB (input from port to string), 
instruction specification, 26-165 
one-byte opc;ode map, A-4, A-5 

INSD (input from port to string), 
instruction specification, 26-165 
one-byte opcode map, A-4, A-5 

instruction, 
and default segment selection,.2-19 
and ope,rand selection, 2-17 
first initialization execution, 10-4 
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instruction address breakpoint fault, Interrupt· 
1 (debug exceptions), 9-14 

instruction format, 
addressing-modc specifier, 2-16 
and opcode, 2-16 
and prefix, 2-16 
and register specifier, 2-16 
displacement, 2-16 
for basic programming model, 2"15 
immediate operand, 2-16 
SIB (scale, index, base) byte, 2-16 

instruction prefetching, 
and EIP register, 2-15 
and exception generation, 2-15 
and parity checking,2-1~ 
and PLOCK#, 13-1 
and pseudo-locking, 13-4 

instruction restart, 
and exceptions, 9-2 
and interrupts, 9-2 

. and paging, 5-2 .. 
instruction7breakpoint fault, Interrupt 1 

(debug exceptions), .11-6 , 
instructions, in real-address mode, 22-2 
instructions (application programming), 

binary arithmetic instructions, .3-6 
block-structured language instructions, 3-30 
control transfer instructions, 3-23. 
data movement instructions, 3-1 
data registers, 2-12 
decimal arithmetic instructions, 3-10 
flag control instructions, 3-35 
logical instructions, 3-11 
miscellaneous instructions, 3-41 
numeric instructions, 3-38 
segment register instructions, 3-39 
string operations, 3-27 .,. 

instructions (operating system), 
privileged instructions, 6-19 
sensitive instructions, 6-19 

instructions (system programming), 
cache management, 4-9 
debugging, 4-9 ' 
descriptor table addressing, 4-10 
floating-pont numerics, 4-9 
HLT instruction, 4-11 
input and output, 4-9 
interrupt control, 4-9 
LOCK instruction, 4cll 
multitasking, 4-10 
pointer parameter verification, 4-9 
system control, 4-9 

INSW (input from port to string), 
instruction specification, 26-165 
one-byte opcode map, A-4, A-5 

INT (call to interrupt procedure ), 
flag cross-reference,. B-1 
for interrupt generation, 2-24 
general description, 3-26 
instruction format and timing, E-13 

instruction specification, 26-167 
one-byte opcade map, A-5 

integer, data type description, 2-6 
integer instructions, overview of, 3-1 
Integer Unit, and FPU status word, 15-2 
Intel386 DX processor, 

and data breakpoint matching, 11-4 
and Interrupt 9 (Intel reserved), 9-17 
and MP control flag, 4~ 7 
processor differences, 21-4 
real-address mode, 22-1 

Intel386 DX processor programs, and Intel486 
processor, 21-1 

Intel387 DX coprocessor, 
and ET control flag, 4-7 
emulation and Intel486 Floating Point 

Processor (FPU), 19-3 
Intel 80186 processor,. real-address mode, 22-1 
Intel 80188 processor, real-address mode, 22-1 
Intel 286 processor, 

LMSWinstruction; + 11 
MP control 'flag, 4-7 
processor differences,. 21-2 
programs·,andlnteI486 processor, 21-1 
protected mode, 21-1 . 
real-address mode, 22-1 
running tasks, 21-2 
segment descriptors, 21-1 
SMSW instruction, 4-11 
TSS compatibility, 7-2 

Intel 8086 processor, 
real-address mode, 22-1 
virtual-8086 mode, 4-3 

Intel 8087 processor, compatibility and B bit, 
15-2 . 

Intel 8088 processor, real-address mode, 22-1 
Intel 8259A Programmable Interrupt· 

Controller;·and interrupt vector, 9-1 
Intel 860 processor, alignment-check 

exception, 4-2 
internal cache, 

and cache lines, 12-2 , 
and write-through cache, 12-2 
Intel486 processor, 12c1 
operation of, 12-2 
self-modifying code, 12-3 

Interrupt 0 (divide error), divide-error fault, 
9-14 . 

Interrupt 10 (iilValid TSS),invalis-TSS fault, 
9-17 

Interrupt 11 (segment not present), segment­
not-present fault, 9-18 . 

Interrupt 12 (stack exception), stack fault, 9-19 
Interrupt 13 (general protection), protection 

violations, 9-20 
Interrupt 14 (page fault), page Jault, 9-21 
Interrupt 16 (floating-point error), floating- . 

point-error fault, 9-23 
Interrupt 17 (alignment check), alignment-· 

check fault, 9-23 
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Interrupt 1 (debug exceptions), 
data address breakpoint trap, 9-14 
data-breakpoint trap, 11-6 
general detect .iault,9-14 
general-detect fault, 11-8 
instruction address breakpoint fault, 9-14 
instruction-breakpoint fault, 11-6 
single-step trap, 9-14, 11-8 
task-switch breakpoint trap, 9-14 
task-switch trap, 11-8 

Interrupt 3 (breakpoint), breakpoint trap, 
9-14, 11-9 

Interrupt 4 (overflow), overflow trap, 9-15 
Interrupt 5 (bounds check), bounds-check 

fault, 9-15 
Interrupt 6 (invaJidopcode), invalidcopcode 

fault, 9-15 
Interrupt 7 ( device not available), device-not­

available fault, 9"15 
Interrupt 8 (double fault), multiple faults, 9-16 
Interurpt 9 (Intel reserved), coprocessor­

segment overrun abort, 9-17 
interrupt acknowledge, automatic locking, 13-3 
interrupt control, instructions (system program 

ming),4-9 
interrupt gates, 

and interrupts, 6-11 
IDT descriptors, 9-7 

interrupt procedures, 
and interrupt tasks, 9-7 
and stack, 9-9 
flag usage, 9-11 
protection, 9-11 
returning from; 9-9 . 

interrupt requests (INTR interrupts), and IF 
flag, 4-3 

interrupt tasks, 
and interrupt procedures, 9-7 
and task gate, 9-11 

interrupt vector, 
identifying number, 9-1 
software initialization, 10-3 

interrupts, 
and instruction restart, 9-2 
and interrupt gates, 6-11 
and task switching, 7-1 
description, 2-23 
enable/disable, 9-3 
for basic programming model, 2-23 
in real-address mode, 22-2 
maskable source, 9-1 
processing priorities, 9-5 
unmaskable source, 9-1 
with INTinstruction, 2-24 

INTO (interrupt on overflow), 
flag cross-reference, B-1 
general description, 3-26 
instruction format and timing, E-13 
instruction specification, 26-167 
one-byte opcode map, A-5 

INTR interrupts, and IF flag, 9-3 invalid 
arithmetic operation, and IEEE 
Standard, 16-21, 854 

invalid operation, 
and numeric exceptions, 16-20 
numeric exceptions, 16-17 

invalid-opcode fault, Interrupt 6 (invalid 
opcode), 9-15 

invalid-operation exception, 
and NaN (not-a-number) operands, 16-10 
and QNaN real indefinite, 16-11 

invalid-TSS fault, Interrupt 10 (invalid TSS), 
9-17 

INVD (invalidate cache), 
cache management instructions, 12-3 
flag cross-reference, B-1 
instruction format and timing, E-11 
instruction specification, 26-172 
two-byte opcode map, A-7 

INVLPG (invalidate TLB entry), 
flag cross-reference, B-1 
instruction format and timing, E-11 
instruction specification, 26-173 

IOPL flag (I/O privilege level- bits 12 and 
13), 

description, 4-3 
system flag 

IRET (interrupt return), 
flag cross-reference, B-2 
general description, 3-24 
instruction format and timing, E-13 
instruction specification, 26-174 
one-byte opcode map, A-5 

IRETD (interrupt return), instruction 
specification, 26"174 

JB, two-byte opcode map, A-6 
Jb (short-displacement jump on condition), 

one-byte opcode map, A-4, A-5 
JBE, 

one-byte opcode map, A-4 
two-byte opcode map, A-6 

Jcc (jump if condition is met), 
flag cross-reference; B-2 
instruction format and timing, E-7 
instruction specification, 26-179 
status flags, 3-7 

JCXZ, 
flag cross-reference, B-2 
instruction format and timing, E-7 
one-byte opcode map, A-4 

JECXZ (jump if ECX zero), 
general description, 3-26 
instruction format and timing, E~7 

JL, 
one-byte opcode map, A-4, A-5 
two-byte opcode map, A-7 

JLE, 
one-byte opcode map, A-4, A-5 
two-byte opcode map, A-7 
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JLNE, one-byte opcode map, A-4 
JMP (jump), 

flag cross-reference, B-2 
instruction description, 3-23 
instruction format and timing, E-7, E-9 
instruction specification, 26-183 
modR/M byte opcodes, A-8 
one-byte opcode map, A-5 

JNB, 
one-byte opcode map, A-4 
two-byte opcode map, A-6 

JNBE, 
one-byte opcode map, A-4 
two-byte opcode map, A-6 

JNL, 
one-byte opcode map, A-5 
two-byte opcode map, A-7 

JNLE, 
one-byte opcode map, A-5 
two-byte opcode map, A-7 

JND, 
one-byte opcode map, A-4 
two-byte opcode map, A-6 

JNP, 
one-byte opcode map, A-4, A-5 
two-byte opcode map, A-7 

INS 
o~e-byte opcode map, A-4, A-5 
two-byte opcode map, A-7 

JNZ, 
one-byte opcode map, A-4 
two-byte opcode map, A-6 

10, 
one-byte opcode map, A-4 
two-byte opcode map, A-6 

JP, 

JS, 

one-byte opcode map, A-4, A-5· 
two-byte opcode map, A-7 

one-byte opcode map, A-4, A-5 
two-byte opcode .map, A-7 

JV, 
one-byte opcode map, A-5 
two-byte opcode map, A-6, A-7 

JZ, 
one-byte opcode·map, A-4 
two-byte opcode map, A-6 

KEN#, and peD bit (page-level cache 
disable), 12-4 

LAHF (load flags into AH), 
flag cross-reference, B-2 
instruction description, 3-37 
instruction format and timing, E-lO 
instruction specification, 26-188 
one-byte opcode map, A-5 

LAR (load access rights byte),. 
flag cross-reference, B-2 
instruction format and timing, E-12 

INDEX 

instruction specification, 26-189 
pointer validation instructions, 6-20 
two-byte opcode map, A-6 

LDS (load pointer using DS), 
flag cross-reference; B-2 
general description, 3-40 
instruction format and timing, E-8 
instruction specification, 26-196 
one-byte opcode map, A-4 

LDT switching, and task switching, 7-1 
LDTR (local descriptor table register), . 

register description, 4-4 
LEA (load effective address), 

flag cross-reference, B-2 
general description, 3-46 
instruction format and timing, E-3 
instruction specification, 26-191 
one-byte opcode map, A-4, A-5 

LEAVE (high level procedure exit), 
flag cross-reference, B-2 
general description, 3-35 
instruction format and timing, E-8-
instruction specification, 26-193 
one-byte opcode map, A~5 

LEN bits, and debug breakpoints, 11-5 
LES (load pointer using ES), 

flag cross-reference, Bc2 
general description, 3-40 
instruction format and timing, E-8 
instruction specification, 26-196 . 
one-byte opcode map, A-4 

lexical level, . 
and block-structured languages, 3-32 
and ENTER instruction, 3-30 

LFS (load pointer using FS), _ 
flag cross-reference, B-2 
general description, 3-40 
instruction format and timing, E-8 . 
instruction specification,· 26-196 
two-byte opcode map, A-6 

LGDT (load global/IDTR), 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-194 
modR/M byteopcodes, A-8 
privileged instruction, 6-19 

LGS (load pointer using GS), 
flag cross-reference, B-2 
general description, 3-41 
instruction format and timing, E-8 
instruction specification, 26-196 
two-byte opcode map, A-6 

LIDT (load lOT register), 
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and IDT (interrupt descriptor table), 9-7 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-194 
modR/M byte opcodes, A-8 
privileged instruction, 6-19 



limit, and segment descriptors, 5-10 
limit checking, segment descriptors, 6-4 
linear address, 

and logical address, 2-1 
and page translation, 5-17, 5-18 
and physical space mapping, 7-13 
and segment translation, 5-5 
and segmentation, 2-2, 5-2 
and task address mapping, 7-13 

LLDT (load LDTR), 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification,.26-199 . 
modRIM byte opcodes, A-8 
privileged instruction, 6-19 

LMSW (load machine status word), 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-201 
Intel 286 processor, 4-11 
modRIM byte opcodes, A-8 
privileged instruction, 6-19 

local descriptor table (LDT), 
segment descriptor tables, 5-15 
segment translation, 5-5 

LOCK#, .. 
and automatic locking,13-3 
and critical memory operations, 13-1 
and LOCK instruction, 4-11 
and LOCK prefiX, 13~2 . 

LOCK (assert LOCK# prefiX), 
and CMPXCHG instruction, 3-43 
and XADD instruction, 3-43 . 
and XCHG instruction, 3-2 
flag cross-reference, B-2 
instruction specification, 26"202 
one-byte opcode map, A-4 

LOCK instruction, . 
and LOCK#, 4~11 . 
instructions (system programming), 4-11 

LOCK prefiX, and LOCK#, 13-2 . 
locked bus cycles, and multiprocessing, 13-1' 
LODS (load string opetand), 

flag cross-reference, B-2 
general description, 3-30 
instruction format and timing"E-9 
instruction specification, 26-204 

LODSB (load string operand), . 
instrucion specification, 26-204 
one-byte opcode map, AA, A-5 

LODSD (load string operand), 
instrucion specification, 26-204 
one-byte opcode map, A-4, A-5 

LODSW (load' string operand), 
instruction specification, 26-204 
one-byte opcode map, A-4, A-5 

logical address, 
and segment translation, 2-2, 5-5 
and segmentation, 5-2 
task address mapping, 7-14 

INDEX 

use of, 2-1 
logical instructions, and application 

programming, 3-11 
long integer, numeric data type, 3-38; 14-6 
LOOP (loop control with CX counter), 

flag cross-reference, B-2 
general description, 3-25 
instruction format and timing, E-7 
instruction specification, 26-206 
one-byte opcode map, A-4 

LOOPE (loop while equal), 
flag cross-reference, B-2 
general description, 3-26 
instruction format and timing, E-7 
one-byte opcode map, A-4 

LOOPNE (loop while not equal), 
flag cross-reference, .B-2 
general description, 3-26 
instruction format and. timing, E-7 
one-byte opcode map, A-4 

LOOPNZ (loop while not zero), 
general description, 3-26 
instruction format and timing, E-7 

LOOPZ (loop while zero), 
general description, 3"26 
instruction format and timing, E-7 

low word, for doubleword data type, 2-4 
LSL (load segment limit), 

flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26"208 
pointer validation instructions, 6-20. 
two-byte opcode map, A-6 

LSS (load pointer using SS), 
flag cross-reference, B-2 
~eneral . description, 3-4 ~ . 
mstructIOn' format and tlmmg, E-8 
instruction specification, 26-196 
two-byte opcode map, A-6 

LTR (load task register), ' 
and task register description, 7-6 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-210 
modRIM byte opcodes, A-8 
privileged instruction, 6-19 

M/IO#, 
and I/O address space, 8-2 
and I/O instructions, 8-4 

maskable interrupts, and vector assignment, 
9-1 

memory, 
access types, 2-10 
for operand selection, 2-17 
model choice, 2-2 
model description, 2-1 

memory management, . 
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and segment registers, 5-6 
and segmentation, 2-1, 5-1 
and segments, 2-1 
description of, 2-1 

memory operand offset, and modR/M byte, 
2-19 

memory reference types, and segment 
registers, 5-7 

memory-management registers, 
and system programming, 4-4 
GDTR (global descriptor table register), 

4-4 
IDTR (interrupt descriptor table register), 

4-5 
LDTR (local descriptor table register), 4-4 
TR (task register), 4-5 

memory-mapped I/O, and physical memory, 
8-3 

miscellaneous instructions, and application 
programming, 3-41 

mixing 16-bit and 32-bit code, Intel486 
processor, 24-1 

mode bits, and EFLAGS register, 2-13 
modR/M byte, 

and effective-address computation, 2-20 
for memory operand offset, 2-19 

MOV (move data), 
and default segment selection, 2-19 
flag cross-reference, B-2 
instruction description, 3-1 
instruction format and timing, E-3, E-8; 

E-11 . 
instruction specification, 26-211, 26-213 
mask exceptions and interrupts, 9-4 
one-byte opcode map, A-4, A-5 
two-byte opcode map, A-6 

MOV to/from CRO (move to control register 
0), privileged instruction, 6-19 

MOV to/from DRn (move to debug register 
n), privileged instruction, 6-19 

MOV to/from TRn (move to test register n), 
privileged instruction, 6- 19 

MOVB (move data), one-byte opcode map, 
A-4 

MOVS (move data from string to string), 
flag cross-reference, B-2 
general description, 3-29 
instruction format and timing, E-9 
instruction specification, 26-215 

MOVSB (move data from string to string), 
instruction specification, 26-215 
one-byte opcode map, A-4 

MOVSD (move data from string to string), 
instruction specification, 26-215 
one-byte opcode map, A-4 

MOVSW.(move data from string to string), 
instruction specification, 26-215 
one-byte opcode map, A-4 

MOVSX (move with sign extension), 
flag cross-reference, B-2 
general description, 3-6 
instruction format and timing, E-3 
instruction specification, 26-217 
two-byte opcode map, A-7 

MOVZX (move with zero extension), 
flag cross-reference, B-2 
general description, 3-6 
instruction format and timing, E-3 
instruction specification, 26-218 
two-byte opcode map, A-6 

MP bit (monitor coprocessor), numerics 
environment configuration, 19-2 

MP (math present-bit 1), system control flag, 
4-7 

MUL (unsigned multiply), 
flag cross-reference, B-2 
general description and flags, 3-8 
instruction format and timing, E-4 
instruction specification, 26-219 
modR/M byte opcodes, A-8 
status flag summary, C-2 

multi-segment model, 
and general-protection exception, 5-5 
and segmentation, 5-4 

multi-segment model initialization, segmcnta 
tion, 10-5 

multiple faults, Interrupt 8 (double fault), 9-16 
multiprocessor systems, 

and cache consistency, 12-1 
and cache consistency, 13-1 
and processor communication, 13-1 

multitasking, 
and Intel486 processor, 7-1 
and task initialization, 10-6 
instructions (system programming), 4-10 
segment-level protection, 6-1 

NaN (not-a-number) operands, 
and Intel486 Floating Point Processor 

(FPU),16-8 
and invalid-operation exception, 16-10 

NE bit (numeric exception), 
numerics environment configuration, 19-2 

. system control flag, 4-7 
near form, RET (return from procedure), 6-17 
near pointer, data type, 2-6 
near transfer, and unconditional transfer 

instructions, 3-23 . 
NEG (two's complement negation), 

flag cross-reference, B-2 
instruction description, 3-8 
instruction specification, 26-221 
modRlM byte opcodes, A-8 
status flag summary, C-2 

NMI interrupt, 
and assigned vector, 9-1 
and protected mode initialization, 10-4 
and software initialization, 10-3 
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mask further NMI interrupts, 9-3 
no-wait, control instructions, 17-8 
nontranscendental instructions, floating-point 

instructions, 17-2 
NOP (no operation), 

flag cross-reference, B-2 
instruction description, 3-46 
instruction format and timing,E-6 
instruction specification, 26-222 

NOT (one's complement negation), 
flag cross-reference, B-2 
instruction description, 3-11 
instruction specification, 26-223 
modR/M byte opcodes, A-8 . 

NT flag (nested task-bit 14), system flag 
description, 4-3 

null error code, and exception handler, 9-13 
number system, Intel486 Floating Point 

Processor (FPU), 15-9 . 
numeric data pointers, and exception handlers, 

15-7 
numeric data type, 

and indefinite value, 16-12 
double real, 14-6 
encoding of, 16-12 
extended real, 14-6 
long integer, 14-6 
packed decimal, 14-6 
short integer, 14-6 
single real, 14-6 
word integer, 14-6 

numeric data types, Intel486 Floating Point 
Processor (FPU), 14-6 

numeric exceptions, 
denormalized operand, 16-17 
divide-by-zero, 16-17 
handling of, 16-18, 19-3 
inexact result (precision), 16-18 
invalid operation, 16-17 
numeric overflow, 16-17 
numeric underflow, 16-18 

numeric instruction pointers, and exception 
handlers, 15-7 

numeric instructions, 
and application programming, 3-38 
Intel486 Floating Point Processor (FPU), 

14-7 
numeric libraries, and FPU numeric 

applications, 18-1 
numeric overflow, 

and overflow exception, 16-23 
numeric exceptions, 16-17 

numeric programming, . 
ASM386/486 examples, 20-1 
conditional branching cxample, 20-1 
exception handling example, 20-1 
floating-point to ASCII conversion 

example, 20-7 
trigonometric .calculation, 20-7 

numeric underflow, 
and underflow exception, 16-25 
numeric exceptions, 16-18 

numerical exception masking, and FPU control 
word, 15-5 

numerical registers, Intel486 Floating Point 
Processor (FPU), 15-1 

numerics detection code, 3-42 
numerics environment configuration, Intel486 

Floating Point Processor (FPU), 19-2 
NW (not write-through - bit 29), system 

control flag, 4-6 

O/U# bit, stack exception, 16-20 
OF flag, and binary arithmetic instructions, 3-6 
OF (overflow flag), status flag, 2-14 
offset, 

for memory operand, 2-19 
for segmented address space, 2-3 

opcode, and instruction format, 2c16 
operand selection, for basic programming 

model, 2-17 
operand size, of instruction prefix, 2-16 
operand size prefix, instruction format, 2-16 
operating modes, of Intel486 processor, 1-2 
operating status, Intel486 processor, 2-.13 
OR (logical inclusive or), 

flag cross-reference, B-2 
instruction description, 3-12 
instruction specification, 26-224 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4, A-5 
status flag summary, C-2 

ordinal, data type, 2-6 
OUT (output to port), 

flag cross-reference, B-2 
instruction format and timing, E-15 
instruction specification, 26-226 
one-byte opcode map, A-4, A-5 
register I/O instructions, 8-5 
sensitive instructions, 8-6 

output port, and input/output, 8-1 
OUTS (output string), sensitive instructions, 

8-6 
OUTS (output string to. port), 

block I/O instructions, 8-6 
flag cross-reference, B-2 
instruction format and timing, E-15 
instruction specification, 26-228 

OUTSB (output string to port), 
instruction specification, 26-228 
one-byte opcode map, A-4, A-5 

OUTSD (output string to port), 
instruction specification, 26-228 
one-byte opcode map, A-4, A-5 

OUTSW (output string to port), 
instruction specification, 26-228 
one-byte opcode map, A-4, A-5 
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overflow exception, 
and Intel486 processor, 2-23 
and numeric overflow, 16-23 

overflow trap, Interrupt 4 (overflow), 9-15 

packed BCD, data type, 2-6 
packed decimal, numeric data type, 14-6 
page, combining protection with segment, '6-25 
page directory, and page translation, 5-17 
page directory register (PDBR), 

and CR3, 4-6 
and CR3 register, 5-18 

page directory update, automatic locking, 13-3 
page fault, 

and Interrupt 8 (double fault), 9-16 
and page table entries, 5-20 
and page translation, 5-17 
during task switching, 9-22 
Interrupt 14 (page fault), 9-21 
page frame address, 
with inconsistent stack pointer1 9-23 

page level management, caching, 12-3 
page protection, overriding, 6-24 
page table update, automatic locking, 13-3 
page tables, 

and combined protection, 6-24 
'and page translation, 5-17, 5-18, 5-20 
and protection parameters, 6-23 

page translation, 
and memory management, 5-17 
and physical address, 5-17 
and segment translation, 5-23 
linear address, 5-17 

paging, 
and I/O address space, 8-1 
and linear address space, 2-2 
and memory management, 2~1, 5-1 
and page-level protection, 6-22 
and PG bit, 5-18 
demand-paged virtual memory, 5-2 
description, 5-2 
exception handling, 2-24 
initialization, 10-6 

parity checking, and instruction prefetching, 
2-15 

PCD bit (page-level cache disable), 
cache control, 5-22 
cache management bits, 12-4 
system control flag, 4-6 

PE (protection enable - bit 0), 
and protected mode initialization, 10-4 
system control flag, 4-8 

PF (parity flag), status flag, 2-14 
PG (paging-bit 31), 

system control flag, 4-6 
to enable paging, 5-18 

physical address, 
description, 2-1 
and linear address, 2-1 
and page translation, 5-17 

and PG bit, 5-18 
and segmentation, 5-2 

physical memory, 
and I/O address space, 8-2 
and memory-mapped I/O, 8-3 
description, 2-1 

PL/M-386/486, and FPU numeric applications, 
18-2 

PLOCK#, 
and instruction prefetching, 13-1 
and pseudo-locking, 13-3 

PMUL, one-byte opcode map, A-4 
pointer integrity, 

and ARPL (adjust requested privilege 
. level), 6-22 
and RPL (requested privilege level), 6-22 

pointer parameter verification, instructions 
(system programming), 4-9 ' 

pointer validation instructions, 
and protection, 6-20 
LAR (load access rights), 6-20 
LSL (load segment limit), 6-20 

POP (pop word from stack), 
flag cross-reference, B-2 
general description, 3-3 
instruction format and timing, E-3, E-8 
instruction specification, 26-231 
mask exceptions and interrupts, 9-4 
one-byte opcode map, A-4, A-5 . 
two-byte opcode map, A-6, A-7 . 

POPA (pop all general registers), 
flag cross-reference, B-2 
general description, 3-4 
instruction format and timing, E-3 
instruction specification, 26-234 
one-byte opcode map, A-4 

POPAD (pop all general registers), instruction 
specification, 26-234 

POPF (pop stack into flags), 
flag cross-reference, B-2 
instruction description, 3-38 
instruction format and timing, E-lO 
instruction specification, 26-236 
one-byte opcode map, A-4, A-5 

POPFD (pop stack into flags), instruction 
specification, 26-236 

position-independent code, and segmentation, 
5-1 

power-up, 
and RESET signal, 10-1 
and self test, 10-1 , 

precision control, Intel486 Floating Point 
Processor (FPU), 15c16 

prefix, and instruction format, 2-16 
present bit, 

and page table entries, 5-20 
and TSS descriptor, 7-4 
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privilege levels, segment descriptors, 6-5 
privileged instruction, 

CLTS (clear task-switched flag), 6-19 
HLT (halt processor), 6-19 
LGDT (load GDT register), 6-19 
LIDT (load IDT register), 6-19 
LLDT (load LDT register), 6-19 
LMSW (load machine status word), 6-19 
LTR (load task register), 6-19 
MOV to/from CRO (move to control 

register 0), 6-19 
MOV to/from DRn (move to debug register 

n),6-19 
MOV to/from TRn (move to test register 

n),6-19 
procedure return, and gate descriptors, 6-17 
process synchronization, and XCHG 

instruction, 3-2 
processor communication, and multiprocessing 

systems, 13-1 
processor detection code, to distinguish 

processors, 22-11 
processor state, 

after reset, 10-1 
and TSS (task state segment), 7-2 

programmed exceptions, software interrupts; 
9-1 

protected flat model, and segmentation, 5-4 
protected mode, 

Intel486 operating mode, 1-2 
initialization switching, .10-4 
Intel 286 processor, 21-1 
software initialization, 10-5 

protection, 
and control·transfer restrictions, 6-9 
and data access restrictions, 6'7 
and gate descriptors, 6-11 
and input/output, 8-6 
and pointer validation instructions, 6-20 
and segment descriptors, 6-2 
page-level protection, 6-22 
segment-level protection, 6-1 

protection mechanism, 
and IOPL flag, 4-3 . 
and memory. organization model, 2-2 
and privilege levels, 6-5 
and read-only acces, 6-24 
read/write access, 6-24 

protection parameters, and page-table entries, 
6-23 

protection violations, Interrupt 13 (general 
protection), 9-20 

pseudo-locking, 
and instruction prefetching, 13-4 
and multiprocessing, 13-1 
and PLOCK#, 13-3 

pseudodenormal numbers, 
and Intel486 processor, 16-13 
denormal exception, 16-13 

PUSH (push operand onto stack), 
flag cross-reference, B-2 
instruction description, 3-2 
instruction format and timing, E-3, E-8 
instruction specification, 26c237 
modR/M byte opcodes, A-8 . 
one-byte opcode map, A-4, A-5 
two-byte opcode map, A-6, A-7 

PUSHA (push all general registers), 
flag cross-reference, B-2 
general description, 3-3 
instruction format and timing, E-3 
instruction specification, 26-239 
one-byte opcode map, A-4 

PUSHAD (push all general registers), 
instruction specification, 26-239 

PUSHF (push flags onto stack), 
flag cross-reference, B-2 
instruction' description, 3-38 
instruction format and timing, E-1O 
instruction specification, 26-241 
one-byte opcode map, A-4, A-5 

PUSHFD (push flags onto stack), instruction' 
specification, 26-241 . , 

PWT bit (page-level write-through), 
cache control, 5-22 
cache management bits, 12-4 
system control flag, 4-6 

QNaN real indefinite, 
and invalid operation exception, 16-11 
and quiet NaN (not-a-number), 16-11' 

quadwords, description, 3-4 
quiet NaN (not-a-number), and QNaN real 

indefinite, 16-11 

RCL (rotate through carry left), 
flag cross-reference, B-2 
instruction description, 3-16 
instruction specification, 26-242 
modR/M byte opcodes, A-8 
status flag summary, C-2 

RCR (r;otate through carry right); 
flag cross-reference, B-2 
instruction description,. 3-16 
instruction specification, 26~242 
mod¥-IM byte opcodes, A-8 
status flag summary, C-2 

re-entrant code, and tasks, 7-3 
re-entrant procedure, description, 7-1 
re-entrant task switching, and busy bit, 7-12 
read access, and accessed bit, 5-21 
read-only access, and protection mechanism, 

6-24 
read/write access, protection mechanism, 6-24 
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read/write bit, and page table entries, 5-22 
readable bit, executable-segment descriptor, 

6-3 
real numbers, FPU data type, 15-12 
real-address mode, 

address translation, 22-1 
entering and leaving, 22-4 
Intel486 operating mode, 1-2 
Intel486 processor, 22-1 
Inte1386 DX processor, 22-1 
Inte1386 DX processor differences, 22-9 
Intel 80186 processor, 22-1 
Intel 80188 processor, 22-1 
Intel 286 processor, 22-1 
Intel 286 processor differences, 22-9 
Intel 8086 processor, 22-1 
Intel 8086 processor' differences, 22-5 
Intel 8088 processor, 22-1 
software initialization, 10-2 
switch to protected mode, 22-4 

records and structure decIaratives, 
ASM386/486, 18-4 

register I/O instructions, 
IN (input from port), 8-5 
OUT (output from port), 8-5 

register specifier, instruction format, 2-16 
registers, ' 

and real-address mode, 22-2 
for application programming, 2-8 
for operand selection, 2-17 
for system programming, 4-1 

relative address, and JMP instruction, 3-23 
REP INS, instruction format and timing,E-15 
REP LODS, instruction format and timing, 

E-lO . 
REP MOYS, instruction format and timing, 

E-lO 
REP OUTS, instruction format and timing, 

E-15 
REP prefix, and MOYS instruction, 3-29 
REP (repeat), 

instruction description, 3-28 
instruction speCification, 26-245 
one-byte opcode map, A-4 

REP STOS, instruction format and timing, 
E-lO 

REPE CMPS, instruction format and timing, 
E-lO 

REPE (repeat while equal), 
instruction description, 3-28 
instruction specification, 26-245 
one-byte opcode map, A-4 

REPE SCAS, instruction format and timing, 
E-IO 

repeat, instruction prefix, 2-16 
repeat prefix, instruction format, 2-16 

REPNE CMPS (compare strings), instruction 
format and timing, E-lO 

REPNE (repeat while not equal), 
instruction description, 3-28 
instruction speCification, 26-245 
one-byte opcode map, A-4 

REPNE SCAS, instruction format and timing, 
E-lO . 

REPNZ (repeat while not zero), 
instruction description, 3-28 
instruction specification,· 26-245 

REPZ (repeat while zero), 
instruction description, 3-28 
instruction specification, 26-245 

requester privilege level, segment selectors, 5-9 
reset, and processor state, 10-1 
reset initialization, and RESET signal, 1O~ 1 
RESET signal, and reset initialization, 10-1 
RET (return from procedure), 

far form description, 6"17. 
general description, 3-24 
instruction format and timing, E-7, E-8 
instruction specification, 26-248 
near form description, 6-17 
one-byte opcode map, A-4, A-5 

RF flag (resume flag), 
debugging support,11-1 
mask debug faults, 9-4 
system flag description, 4-3 

robot arm kinemetics, example, 20-23 
ROL (rotate left), . 

flag cross-reference, B-2 
instruction description, 3-16 
instruction speCification, 26-242 
modRiM byte opcodes, A-8 
status flag summary, C-2 

ROR (rotate right), 
flag cross-reference, B-2 
instruction description, 3-16 
instruction specification, 26-242 
modRiM byte opcodes, A-8 
status flag summary, C-2 

round-off errors, and Intel486 Floating Point 
Processor (FPU), 14-4 

rounding control, Intel486 Floating Point 
Processor (FPU), 15-15 

RPL (requested privilege level), 
and data access restrictions, 6-7 
and pointer integrity, 6-22 
and segment selectors, 6-6 

S bit, segment descriptors, 5-12 
SAHF (store AH into flags), 

instruction description, 3-37 
instruction format and timing, E-lO 
instruction specification, 26-252 
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one-byte opcode map, A-4, A-5 

SAL (shift arithmetic left), 
instruction description, 3-13 
instruction specification, 26-253 
status flag summary, C-2 

SAR (shift arithmetic right), 
instruction description, 3-14 
instruction specification, 26-253 
modR/M byte opcodes, A-8 
status flag summary, C-2 

SBB (integer subtraction with borrow), 
flag cross-reference, B-2 
instruction description, 3-7 
instruction specification, 26-256 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4, A-5 
status flag summary, C-1 

SCAS(compare string data), 
flag cross-reference, B-2 
instruction format and timing, E-9 
instruction specification, 26-258 

, status flag summary, C-2 
SCAS (scan string data), instruction 

description, 3-29 
SCASB (compare string data), 

instruction specification, 26-258 
one-byte opcode map, A-4, A-5 

SCASD (compare string data), 
instruction specification, 26-258 
one-byte opcode map, A-4, A-5 

SCASW (scan string data), 
instruction specification, 26-258 
one-byte opcode map, A-4, A-5 

segment, c\escription, 5-1 
segment descriptors, 

and base, 5-10 
and flat model, 5-3 
and granularity bit, 5-10 
and Intel 80286 processor, 21-1 
and limit, 5-10 
and logical address translation, 2-2 
and protection, 6-2 
and S bit, 5-12 
and segment selectors, 5-10,5-8 
and segment translation, 5-5 
and segment-present bit, 5-14 
and type, 5-12 
and type field, 5-13 
automatic locking, 13-3 
code segments, 5-13 
D bit, 5-12 
data segments, 5-13 
descriptor table base registers, 5-16 
DPL (descriptor privilege level), 5-14, 6-6 
segment descriptor tables, 5-15 

segment level protection, 
and PE control flag, 4-8 
segmentation, 6-1 

INDEX 

segment limits, and protected flat model, 5-4 
segment override prefix, instruction format, 

2-16 
segment privilege level, DPL (descriptor 

privilege level), 5-14 
segment register instructions, and application 

programming, 3-39 
segment registers, 

and segment selectors, 2-10 
and segment translation, 5-6 
as register operand, 2-19 
of Intel486 processor, 2-8 

segment selectors, 
and index, 5-9 
and requester privilege level, 5-9 
and RPL (requested privilege level), 6-6 
and segment descriptors, 5-10 
and segment registers, 2-10 
and segment translation, 5-8 
and table indicator bit, 5-9 
for segmented address space, 2-3 

segment translation, 
and page translation, 5-23 
and segment selectors, 5-8' 
and segmentation, 5-5 

segment-not-present fault, Interrupt 11 
(segment not present), 9-18 

segment-present bit, segment descriptors, 5-14 
segmentation, 

and combined protection with page, 6-25 
and default assignment, 2-19 
and default selection, 2-20 
and exceptions handling, 2-24 
and explicit memory operands, 2-19 
and flat model, 5-3 
and flat model initialization, 10-5 
and I/O address space, 8-1 
and instruction prefix override, 2-16 
and linear address, 5-2 
and logical address, 5-2 
and memory management, 2-1,5-1 
and memory organization model, 2-2, 2-3 
and model selection, 5-3 
and multi-segment model, 5-4 
and multi-segmented model initialization, 

10-5 
and override prefix for segment selection, 

2-19, 2-20 
and physical address, 5-2 
and position-independent code, 5-1 
and protected flat model, 5-4 
and segment translation, 5-5 
and segment-level protection, 6-1 

self test, and power-up, 10-1 
self-modifying code, internal cache, 12-3 
semaphores, 

Index-22 

and CMPXCHG instruction, 3-43 
and LOCK prefix, 13-2 
and XCHG instruction, 3-2 



intel® INDEX 

sensitive instructions, 
and I/O operations, 6-19 
CLI (clear interrupt-enable flag), 8-6 
IN (input), 8-6 
INS (input string), 8-6 

. OUT (output), 8-6 
OUTS (output string), 8-6 
STI (set interrupt-enable flag), 8-6 

SETB, two-byte opcode map, A-6 
SETBE, two-byte opcode map, A-6 
SETcc (byte set on condition), 

and status flags, 3-7 
flag cross-reference, B-2 
general description, 3-22 
instruction format and timing, E-7 
instruction specification, 26-260 

SETL, two-byte opcode map, A-7 
SETLE, two-byte opcode map, A-7 
SETNB, two-byte opcode map, A-6 
SETNBE, two-byte opcode map, A-6 
SETNL, two-byte opcode map, A-7 
SETNLE, two-byte opcode map, A-7 
SETNO, two-byte opcode map, A-6 
SETNP, two-byte opcode map, A-7 
SETNS, two-byte opcode map, A-7 
SETNZ, two-byte opcode map, A-6 
SETa, two-byte opcode map, A-6 
SETP, two-byte opcode map, A-7 
SETS, two-byte opcode map, A-7 
SETZ, two-byte opcode map, A-6 
SF flag, and binary arithmetic instructions, 3-6 
SF (sign flag), status flag, 2-14 
SGDT (store global/IDTR), 

flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-262 
modR/M byte opcodes, A-8 

sharing data, using 16-bit and 32-bit 
environments, 24-3 

SHL (shift left), 
instruction description, 3-13 
instruction specification, 26-253 
modR/M byte opcodes, A-8 

SHLD (shift left double precision), 
flag cross-reference, B-2 
instruction description, 3-16 
instruction specification, 26-264 
status flag summary, C-2 
two-byte opcode map, A-6 

short integer, numeric data type, 14-6 
SHR (shift right), 

instruction description, 3-13 
instruction specification, 26-253 
modRiM byte opcodes, A-8 

SHRD (shift right double precision), 
flag cross-reference, B-2 
instruction description, 3-16 
instruction specification, 26-266 
status flag summary, C-2 
two-byte opcode map, A~ 7 

SIB (scale/index/base byte), instruction format, 
2-16 

SIDT (store global/IDTR), 
flag cross-reference, B-2 . 
instruction format and timing, E-12 
instruction specification, 26-262 
modR/M byte opcodes, A-8 

sign extension, description, 3-4 
single real, numeric data type, 14-6 
. single-step trap, Interrupt 1 (debug 

exceptions), 9-14, 11-8 . 
size limit, and segment descriptor, 2-2 
SLDT (store LDTR), 

flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-268 
modR/M byte opcodes, A-8 

SMSW instruction, and Intel 286 processor, 
4-11 

SMSW (store machine status word), 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-269 
modR/M byte opcodes, A-8 

software exception handling, numeric 
exceptions, 16-18 

software initialization, 
and real-address mode, 10-2 
in protected mode, 10-5 

software interrupts, programmed exceptions, 
9-1 

source operands, 
floating-point instructions, 17-1 
for binary arithmentic instructions, 3-6 
for two-operand instructions, 2-17 

spawning, See copy-on-write strategy 
special numeric values, FPU data formats, 

16-1 
SS register, 

and stack segment, 2-11 
segment register, 2-10 

stack, and interrupt procedures, 9-9 
stack exception, numeric exceptions, 16-20 
stack fault, Interrupt 12 (stack exception), 9-19 
stack frame, description of, 3-30 
stack frame pointer set, display, 3-30 
stack operations, and default segment 
selection, 2-19 
stack overflow, stack exception, 16-20 . 
Stack Pointer (ESP) Register, description of, 

2-12 
stack segment, and SS register, 2-11 
Stack Segment (SS) Register, description of, 

2-12 
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stack switching, and gate descriptors, 6-13 
stack underflow, stack exceetion, 16-20 
Stack-Frame Base Pointer (EBP) Register, 

description of; 2-13 
standard underflow/overflow exception 

handler, and IEEE Standard, 16-27 
status flags, 

and lec instruction, 3-7 
and SETcc instruction, 3-7 

status registers, of Intel486 processor, 2-8 
STC (set carry flag), 

flag cross-reference,· B-2 
instruction format and timing, E-lO 
instruction specification, 26-270 
one-byte opcode map, A-5 

STD (set direction flag), 
flag cross-reference, B-2 
instruction format and timing, E-lO 
instruction specification, 26-271 
one-byte opcode map, A-5 

STI (set interrupt flag), 
flag cross-reference, B-2 
instruction format and timing, E-lO 
instruction specification, 26-272 
one-byte opcode map, A-5 

STI (set interrupt-enable flag), 
and INTR interrupts, 9-3 
sensitive instructions, 8-6 

STOS (store string data), 
flag cross-reference, B-2 
general description, 3-30 
instruction format and timing, E-9 
instruction specification, 26-273 

STOSB (stOl:e string data), 
instruction specification, 26-273 
one-byte opcode map, A-4, A-5 

STOSD (store string data), 
instruction specification, 26-273 
one-byte opcode map, A-4, A-5 

STOSW (store string data), 
instruction specification, 26-273 
one-byte opcode map, A-4, A-5 

STR (store task register), 
and task register description, 7-6 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-275 
modR/M byte opcodes, A-8 

string, data type, 2-6 
string insertion/extraction, and double-shift 

instructions, 3-19 
string instructions, and EFLAGS register, 2-13 
string operations, 

and application programming, 3-27 
and default segment selection, 2-19 

SUB (integer subtract), 
flag cross-reference, B-2 
instruction specification, 26-276 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4, A-5 

status flag summary, C-l 
SUB (subtract integers), instruction 

description, 3-7 
supervisor level, and addressable domain 

restriction, 6-23 
synchronization, exceptions, 18-13, 18-14 
system control, instructions (system 

programming), 4-9 
system control flag, 

AM (alignment mask-bit 18), 4-7 
CD (cache disable-bit 30), 4-6 
EM (emulation-bit 2), 4-7 
ET (extension type-bit 4), 4-7 
MP (math present-bit 1),4-7 
NE (numeric error- bit 5), 4-7 
PCD (page-level cache disable-CR3 bit 4), 

4-6 
PE (protection enable - bit 0), 4-8 
PG (paging-bit 31), 4-6 
PWT (page-level writes transparent - CR3 

bit 3), 4-6 
TS (task switched-bit3), 4-7 
WP (write protect - bit 16), 4-7 

system control flags, and CRO register, 4-5 
system flags, and system programming, 4-2 
system programming, and Intel486 Floating 

Point Processor (FPU), 19-1 
system tables, 

and protected mode initialization, 10-4 
and software initialization, 10-3 

T bit (trap bit of TSS), 
and BT bit, 11-4 
and debugging support, 11-1 

table .indicator bit, segment selectors, 5-9 
tag, and cache associative memories, 12-1 
task, description, 7-1 
task address mapping, logical to physical 

space, 7-14 
task address space, descripion, 7-13 
task creation, See copy-an-write strategy 
task gate descriptor, and protected task 

reference, 7-6 
task gates, 

and IDT descriptors, 9-7 
and task switching, 6-11, 7-1 

task linking, 
and Intel486 processor, 7-11 
and TSS (task state segment), 7-11 
modification of, 7-13 

task state segment, 
and stack switching, 6-15 
and TSS descriptor, 7-2 
description, 7~1 
descriptors and task switching, 7-1 

task switching, 
and exceptions, 7-1 
and Intel486 processor, 7-7 
and interrupts, 7-1 
and LDT switching, 7-1 
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and page fault, 9-22 
and task gates, 6-11, 7-1 
and task state segment descriptors, 7-1 

task-switch breakpoint trap, Interrupt 1 
(debug exceptions), 9-14 

task-switch trap, Interrupt 1 (debug 
exceptions), 11-8 

tasks, 
and NT flag, 4-3 
and re-entrant code, 7-3 
initialization, 10-6 

TEST (logical compare), 
flag cross-reference, B-2 
instruction description, 3-23 
instruction format and timing, E-4 
instruction specification, 26-278 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4, A-5 
status flag summary, C-2 

test registers, and translation lookaside buffer 
(TLB),4-8 

TF flag (trap flag), 
debugging support, 11-1 
system flag description, 4-3 

three-operand instructions, 
and ECX register, 2-18 
description of, 2-18 

TLB (translation lookaside buffer), 
initialization testing, 10-6 
structure of, 10-7 
test operations, 10-10 
test registers, 10-8 

top-of-stack (TOS), 
and ESP register, 2-12 
and PUSH instruction, 3-2 

TR4 (test status register), cache test register, 
10-13 

TR6 (test command register), TLB test 
register, 10-8 

TR7 (test data register), TLB test register, 
10-9 

TR (task register), 
and current TSS, 7-4 
register description, 4-5 

transcendental instructions, floating-point 
instructions, 17-4 

transferring control, in 16-bit and 32-bit 
environments, 24-3 

translation lookaside buffer (TLB), 
and page translation, 5-18, 5-22 
and test registers, 4-8 

trap gates, 
and exceptions, 6-11 
and IDT descriptors, 9-7 

traps, 
exception conditions, 9-13 
exception description, 9-2 
exception processor-detected, 9-1 

trigonometric calculation, numeric 
programming, 20-7 

TS (task switched - bit3), system control flag, 
4-7 

TSS Busy bit, automatic locking, 13-3 
TSS (task state segment), 

and I/O permission bit map, 8-7 
and Intel 286 processor compatibility, 7-2 
and processor state information, 7-2 
and task linking, 7-11 

two-operand instructions, description of, 2-17 
type, segment descriptors, 5-12 
type checking, 

and protection mechanism, 6-24 
segment descriptors, 6-3 

type field, segment descriptors, 5-13 

underflow exception, 
and de normal values, 16-3 
and inexact exception, 16-26 
and numeric underflow, 16-25 

unordered, comparison instructions, 17-4 
unsegmented model, creation of, 2-10 
unsupported formats, and data type encoding, 

16-13 
user level, and addressable domain restriction, 

6-23 
user mode (privilege level 3), and alignment­

check exception, 4-2 
user mode write protect, and copy-on-write 

strategy, 6-24 
user/supervisor bit, and page table entries, 

5-22 

vector, exception/interrupt identification, 9-1 
VERR (verify segment for read), 

descriptor validation, 6-21 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-279 
modR/M byte opcodes, A-8 

VERW (verify segment for write), 
descriptor validation, 6-21 
flag cross-reference, B-2 
instruction format and timing, E-12 
instruction specification, 26-279 
modR/M byte opcodes, A-8 

virtual memory, 
and memory model, 2-1 
description, 5-14 

virtual-8086 mode, 
address translation, 23-2 
and VM flag, 4-3 
bus lock, 23-14 
entering and leaving, 23-5 
Intel486 operating mode, 1-2 
Intel486 processor, 23-1 
I/O protection, 8-6 
Inte1386 DX processor differences, 23-15 
Intel 286 processor differences, 23-13 
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Intel 8086 processor differences, 23-10 
Intel 8086 processor programs, 23-1 
paging tasks, 23-4 
registers and instructions, 23-1 
task protection, 23-5 
task structure, 23-3 
virtual I/O, 23-9 

VM flag (virtual-8086 mode - bit 17), system 
flag description, 4-3 

wait, control instructions, 17-8 
WAIT (wait), 

flag cross-reference, B-2 
instruction format and timing, E-20 
instruction specification, 26-281 
one-byte opcode map, A-4, A-5 

WBINVD (write-back and invalidate cache), 
cache management instructions, 12-3 
flag cross-reference, B-2 
instruction format and timing, E-ll 
instruction specification, 26-282 
two-byte opcode map, A" 7 

word, data .type, 2-3 
word integer, numeric data type, 14-6 
WP (write protect - bit 16), system control 

flag, 4-7 
writable bit, and data-segment descriptor, 6-3 
write access, 

and accessed bit, 5-21 
and dirty bit, 5-21 

write protection, and user-mode pages, 6-24 
write-back, and caching, 12-2 
write-through, 

and caching, 12-2 
and external cache, 12-2 
and internal cache, 12-2 

INDEX 

XADD (exchange and add), 
flag cross-reference, B-2 
instruction description, 3-48 
instruction format and timing, E-6 
instruction specification; 26-283 
status flag summary, C-1 
two-byte opcode map, A-6 

XCHG (exchange), 
automatic locking, 13-3 
flag cross-reference, B-2 
instruction description, 3-2 
instruction format and timing, E-3 
instruction specification, 26-285 
one-byte opcode map, A-4 

XLAT (table look-up translation), 
flag cross-reference, B-2 
instruction format and timing, E-9 
instruction specification, 26-286 
one-byte opcode map, A-4 

XLATB (table look-up translation), 
instruction description, 3-42 
instruction specification, 26-286 

XOR (logical exclusive or), 
flag cross-reference, B-2 
instruction description, 3-12 
instruction specification, 26-288 
modR/M byte opcodes, A-8 
one-byte opcode map, A-4 
status flag summary, C-2 

zero operands, and Intel486 Floating Point 
Processor (FPU), 16-6 

zero-divide exception, and division by zero, 
16-21 

ZF flag, and binary .arithmetic instructions, 3-6 
ZF (zero flag), status flag, 2-14 
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FAX: (602) 902·4640 Sunnyvale 94089 Zeus Arrow Electronics Tel: (813) 573·5524. FAX: (708) 773·7976 

Hamilton Hallmark 
Tel: (408) 743·3454 22700 Sav; Ranch Pkwy. FAX: (813) 572·4324 

4637 S. 36th Place 
FAX: (408) 743·3348 Yorba Linda 92687-4613 Hamilton Hallmark 

Tel: (714) 921·9000 Hamilton Hallmark 1130 Thorndale Avenue 
Phoenix 85040 Avne! Computer 

FAX: (714) 921·2715 3350 N.W. 53rd 51., #105·107 Bensenville 60106 
Tel: (602) 437-1200 21150 Califa Street Ft. Lauderdale 33309 Tel: (708) 860·7780 
FAX: (602) 437·2348 Woodland Hills 91376 Tel: (305) 484·5482 FAX: (708) 860·8530 
Wyle Laboratories Tel: (818) 594·8301 COLORADO FAX: (305) 484·2995 
4141 E. Raymond FAX: (818) 594·8333 MTI Systems 
Phoenix 85040 Hamilton Hallmark Anthem Electronics Hamilton Hallmark 1140 W. Thorndale Avenue 
Tel: (602) 437-2088 3170 Pullman Street 373 Inverness Drive South 10491 72nd SI. North Itasca 60143 
FAX: (602) 437·2124 Costa Mesa 92626 Englewood 80112 Largo 34647 Tel: (708) 250·8222 

Tel: (714) 641·4100 Tel: (303) 790·4500 Tel: (813) 541·7440 FAX: (708) 250·8275 . 
CALIFORNIA FAX: (714) 641·4122 FAX: (303) 790-4532 FAX: (813) 544·4394 

Pioneer Standard 
Anthem Electronics Hamilton Hallmark Arrow/Schweber Electronics Hamilton HaJimark 2171 Executive Dr., #200 
9131 Oakdale Ave. 1175 Bordeaux Drive, #A 61 Inverness Dr. East,. #105 7079 University Boulevard Addison 60101 
Chatsworth 91311 Sunnyvale 94089 Englewood 80112 Winter Park 32792 Tel: (708) 495·9680 
Tel: (818) 775-1333 Tel: (408) 435·3500 Tel: (303) 799·0258 Tel: (407) 657·3300 FAX: (708) 495·9831 
FAX: (818) 775·1302 FAX: (408) 745·6679 FAX: (303) 373·5760 FAX: (407) 678·4414 
Anthem Electronics Wyle Laboratories 
1 Oldfield Drive Hamilton Hallmark Hamilton Hallmark Pioneer Technologies'Group 2055 Army Trail Road, #140 
Irvine 92718-2809 4545 Viewridge Avenue 12503 E. Euclid Drive, #20 337 Northlake alvd., #1000 Addison 60101 
Tel: (714) 768·4444 San Diego 92123 Englewood 80111 Alta Monte Springs 32701 Tel: (800) 853·9953 
FAX: (714) 768·6456 Tel: (619) 571-7540 Tel: (303) 790·1662 Tel: (407) 834·9090 FAX: (708) 620-1610 

Anthem Electronics 
FAX: (619) 277-6136 FAX: (303) 790·4991 FAX: (407) 834·0865 

580 Menlo Drive, #8 Hamilton Hallmark Hamilton Hallmark Pioneer Technologies Group INDIANA 
Rocklin 95677 21150 Calila 51. 710 Wooten Road, #102 674 S. Military Trail 

Arrow/Schweber Electronics Tel: (916) 624·9744 Woodland Hills 91367 Colorado Springs 80915 Deerfield Beach 33442 
FAX: (916) 624·9750 Tel: (818) 594·0404 Tel: (719) 637·0055 Tel: (305) 428·8877 7108 Lakeview Parkway West Or. 

Anthem Electronics FAX: (818) 594·8234 FAX: (719) 637·0088 FAX: (305) 481·2950 Indianapolis 46268 
Tel: (317) 299·2071 

9369 Carroll Park Drive Hamilton Hallmark Wyle Laboratories Pioneer Technologies Group FAX: (317) 299·2379 
San Diego 92121 580 Menlo Drive, #2 451 E. 124th Avenue 8031-2 Phillips Highway 
Tel: (619) 453·9005 Rocklin 95762 Thornton 80241 Jacksonville 32256 Avnet Computer 
FAX: (619) 546-7893 Tel: (916) 624·9781 Tel: (303) 457·9953 Tel: (904) 730·0065 485 Gradle Drive 
Anthem Electronics FAX: (916) 961·0922 FAX: (303) 457·4831 Carmel 46032 
1160 Ridder Park Drive Wyle Laboratories Tel: (317) 575·8029 

San Jose 95131 Pioneer Standard 1000 112 Circle North FAX: (317) 844·4964 

Tel: (408) 452·2219 5850 Canoga Blvd., #400 CONNECTICUT SI. Petersburg 33716 
FAX: (408) 441·4504 Woodland Hills 91367 Tel: (813) 530·3400 Hamilton Hallmark 

Tel: (818) 883·4640 Anthem Electronics FAX: (813) 579·1518 4275 W. 96th 
Arrow Commercial Systems Group 

Pioneer Standard 
61 Mattatuck Heights Road Indianapolis 46268' 

1502 Crocker Avenue Waterburg 06705 . Tel: (317) 872·8875 
Hayward 94544 217 Technology Dr., #110 Tel: (203) 575·1575 GEORGIA FAX: (317) 876·7165 
Tel: (510) 489·5371 Irvine 92718 FAX: (203) 596·3232 
FAX: (510) 48~·9393 Tel: (714) 753·5090 Arrow Commercial Systems Group Pioneer Standard 

Arrow Commercial Systems Group Pioneer Technologies Group Arrow/Schweber Electronics 3400 C. Corporate Way 9350 Priority Way West Dr. 
12 Beaumont Road Duluth 30136 Indianapolis 46250 

14242 Chambers Road 134 Rio Robles Wallingford 06492 Tel: (404) 623·8825 Tel: (317) 573·0880 
Tustin 92680 San Jose 95134 
Tel: (714) 544·0200 Tel: (408) 954-9100 

Tel: (203) 265·7741 FAX: (404) 623·8802 FAX: (317) 573·0979 

FAX: (714) 731·8438 FAX: (408) 954·9113 
FAX: (203) 265·7988 
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NORTH AMERICAN DISTRIBUTORS (Contd.) 
KANSAS Hamilton Hallmark MISSOURI NEW YORK Pioneer Technologies Group 

Arrow/Schwaber Electronics 
100 Centennial Drive 

Arrow/Schwaber Electronics Anthem Electronics 2200 Gateway Clr. Blvd, #215 

~:~~~g~) °J:l~~430 Morrisville 27560 
9801 Legler Road 2380 Schuetz Road 47 Mall Drive Tel: (919) 460-1530 
Lenexa 66219 FAX: (508) 532-9802 St. Louis 63141 Commack 11725 FAX: (919) 460-1540 
Tel: (913) 541·9542 Tel: (314) 567-6888 Tel: (516) 864·6600 
FAX: (913) 541·0328 Pioneer Standard FAX: (314) 567·1164 FAX: (516) 493-2244 

Avnst Computer 
44 Hartwell Avenue 

Avnet Computer Arrow/Schwaber Electronics OHIO 
Lexington 02173 

15313 W. 95th Street Tel: (617) 861·9200 741 Goddard Avenue 3375 Brighton Henrietta Arrow Commercial Systems Group 
Lenexa 61219 FAX: (617) 863-1547 Chesterfield 63005 Townline Rd. 284 Cramer Creek Court 
Tel: (913) 541-7989 Tel: (314) 537-2725 Rochester 14623 

Dublin 43017 
FAX: (913) 541-7904 Wyle Laboratories FAX: (314) 537-4248 Tel: (716) 427-0300 

Tel: (614) 889-9347 15 Third Avenue FAX: (716) 427·0735 
Hamilton Hallmark Burlington 01803 Hamilton Hallmark FAX: (614) 889·9680 
10809 Lakeview Avenue Tel: (617) 272-7300 3783 Rider Trail South Arrow/Schweber Electronics 
Lenexa 66215 FAX: (617) 272·6809 Earth C~ 63045 20 Oser Avenue Arrow/Schweber Electronics 
Tel: (913) 888·4747 Tel: (314 291·5350 Hauppauge 11788 6573 Cochran Road, #E 
FAX: (913) 888·0523 MICHIGAN FAX: (314) 291·0362 Tel: (516) 231-1000 Solon 44139 

FAX: (516) 231-1072 Tel: (216) .248-3990 

KENTUCKY Arrow/Schweber Electronics NEW HAMPSHIRE ~~~e~~t~~~~:~ay 
FAX: (216) 248-1106 

Hamilton Hallmark 
19880 Haggerty Road 

Avnet Computer Arrow/Schweber Electronics Livonia 48152 Hauppauge 11788 
1847 Mercer Road, #G Tel: (800) 231-7902 2 Executive Park Drive Tel: (516)434·7443 

8200 Washington Village Dr. 
Lexington 40511 FAX: (313) 462-2686 Bedford 03102 Centerville 45458 
Tel: (800) 235·6039 Tel: (800) 442·8638 

FAX: (516) 434·7426 Tel: (513) 435·5563 
FAX: (606) 288-4936 ~876t2~?hSt~~':t, S.W., #5 

FAX: (603) 624·2402 ~~~g\~~~~~!eRd. 
FAX: (513) 435·2049 

MARYLAND 
Grandville 49418 

NEW JERSEY Rochester 14623 Avnet Computer 
Tel: (616) 531·9607 Tel: (716) 272-9110 7764 Washington Village Dr. 

Anthem Electronics FAX: (616) 531·0059 Anthem Electronics FAX: (716) 272-9685 Dayton 45459 
7168A Columbia Gateway Drive 

~~~~~ ~oa~g~~e~rook Rd. #120 
26 Chapin Road, Unit K Hamilton Hallmark 

Tel: (513) 439·6756 
Columbia 21046 Pine Brook 07058 FAX: (513) 439-6719 
Tel: (410) 995·6640 Tel: (201) 227-7960 933 Motor Parkway 

Novi 48375 Hauppauge 11788 Avnet Computer FAX: (410) 290·9862 Tel: (313) 347-1820 FAX: (201) 227-9246 
Tel: (516) 434-7470 30325 Bainbridge Rd., Bldg. A 

Arrow Commercial Systems Group FAX: (313) 347·4067 Arrow/Schweber Electronics FAX: (516) 434-7491 Solon 44139 
200 Perry Parkway Hamilton Hallmark 4 East Stow Rd., Unit 11 Hamitton Hallmark Tel: (216) 349-2505 
Gaithersburg 20877 44191 Plymouth oaks Blvd., #1300 Marlton 08053 1057 E. Henrietta Road FAX: (216) 349-1894 
Tol: (30t) 670·1600 Plymouth 48170 Tel: (609) 596-8000 Rochester 14623 FAX: (301) 670·0f88 Tel: (313) 416·5800 FAX: (609) 596-9632 Tel: (716) 475-9130 Hamilton Hallmark 

Arrow/Schwober Electronics FAX: (313) 416-5811 Arrow/Schweber Electronics FAX: (716) 475·9119 7760 Washington Village Dr. 
Dayton 45459 9800J Patuxont Woods Dr. Hamilton Hallmark 43 Route 46 East Hamilton Hallmark Tel: (513) 439·6735 Columbia 21046 Pine Brook 07058 

Tel: (30f) 596·7800 41650 Garden Brook Rd., #100 
Tel: (201) 227·7880 

3075 Veterans Memorial Hwy. FAX: (513) 439·6711 
Novi 49418 Ronkonkoma 11779 FAX: (301) 995·6201 Tel: (313) 347·4271 FAX: (201) 538·4962 Tel: (516) 737-0600 Hamilton Hallmark 

Avnet Computer FAX: (313) 347-4021 Avnet Computer FAX: (516) 737·0838 5821 Harper Road 
7172 Columbia Gateway Dr., #G Pioneer Standard l·B Keystone Ave., Bldg. 36 MTI Systems Solon 44139 
Columbia 21045 4505 Broadmoor S.E. Cherry Hill 08003 1 Penn Plaza Tel: (216) 49B-l100 
Tel: (301) 995-3571 Grand Rapids 49512 Tel: (609)424-8961 250 W. 34th Street 

FAX: (216) 248-4803 
FAX: (301) 995-3515 Tel: (616) 698-1800 FAX: (609) 751-2502 New York 10119 Hamilton Hallmark 
Hamilton Hallmark FAX: (616) 698·1831 Hamilton Hallmark Tel: (212) 643-1280 777 Dearborn Park Lane, #L 
10240 Old Columbia Road Pioneer Standard 1 Keystone Ave., Bldg. 36 FAX: (212) 643-1288 Worthington 43085 
Columbia 21046 13485 Stamford Cherry Hill 08003 Pioneer Standard Tel: (614) 888-3313 
Tel: (410) 988·9800 Livonia 46150 Tel: (609) 424-0110 68 Corporate Drive FAX: (614) 888·0767 
FAX: (410) 381-2036 Tel: (313) 525-1800 FAX: (609) 751·2552 Binghamton 13904 
North Atlantic Industries FAX: (313) 427-3720 Hamilton Hallmark Tel: (607) 722-9300 MTI Systems 

FAX: (607) 722·9562 23404 Commerce Park Rd. 
Systems Division 10 Lanidex Plaza West Beachwood 441.22 

7125 River Wood Dr. MINNESOTA Parsippani 07054 Pioneer Standard Tel: (216) 464·6688 
Columbia 21046 

Anthem Electronics Tel: (201) 515-5300 60 Crossway Park West FAX: (216) 464-3564 
Tel: (301) 312·5800 7646 Golden Triangle Drive FAX: (201) 515-1601 Woodbury, Long Island 11797 
FAX: (301) 312-5850 

Eden Prairie 55344 MTI Systems 
Tel: (516) 921-8700 Pioneer Standard 

Pioneer Technologies Group Tel: (612) 944-5454 43 Route 46 East 
FAX: (516) 921·2143 4433 Interpoint Boulevard 

15810 Gaither Road FAX: (612) 944-3045 Pinebrook 07058 Pioneer Standard Dayton 45424 
Gaithersburg 20877 Arrow/Schweber Electronics Tel: (201) 882-8780 840 Fairport Park Tel: (513) 236·9900 

Tel: (301) 921-0660 FAX: (201) 539-6430 Fairport 14450 FAX: (513) 236·8133 

FAX: (301) 670·6746 10100 Viking Drive, #100 Tel: (716) 381-7070 Eden Prairie 55344 Pioneer Standard FAX: (716) 381·5955 Pioneer Standard 
Wyle Laboratories Tel: (612) 941-5280 14·A Madison Rd. 4800 E. 131st Street 
7180 Columbia Gateway Dr. FAX: (612) 942·7803 Falrtield 07006 Zeus Arrow Electronics Cleveland 44105 
Columbia 21046 Avnet Computer Tel: (201) 575·3510 100 Midland Avenue Tel: (216) 587-3600 
Tel: (410) 312-4844 FAX: (201) 575·3454 Port Chester 10573 FAX: (216) 663·1004 
FAX: (410) 312-4953 10000 West 76th Street Tel: (914) 937·7400 

Eden Prairie 55344 Wyle Laboratories FAX: (914) 937-2553· 

MASSACHUSETTS 
Tel: (612) 829-0025 20 Chapin Road, Bldg. 10-13 OKLAHOMA 
FAX: (612) 944·2781 Pinebrook 07056 NORTH CAROLINA 

Anthem Electronics Hamilton Hallmark Tel: (201) 882·8358 Arrow/Schweber Electronics 
Arrow/Schweber Electronics 

36 Jonspin Road 9401 James Ave South, #140 FAX: (201) 882·9109 12101 E. 51st Street, #106 

Wilmington 01887 ~~~~~~n21t8~1~~~gb 
5240 Greensdairy Road Tulsa 74146 

Tel: (508) 657·5170 NEW MEXICO 
Raleigh 27604 Tel: (918) 252·7537 

FAX: (508) 657·6008 FAX: (612) 881-9461 
Tel: (919) 876·3132 FAX: (918) 254-0917 

Alliance Electronics, Inc. FAX: (919) 878-9517 

Arrow/Schweber Electronics Pioneer Standard 10510 Research Ave. Avnet Computer Hamilton Hallmark 
25 Upton Dr. 7625 Golden Triange Dr., #G Albuquerque 87123 2725 Millbrook Rd., #123 5411 S. 125th E. Ave., #305 
Wilmington 01887 Eden Prairie 55844 Tel: (505) 292·3360 Raleigh 27604 Tulsa 74146 
Tel: (508) 658-0900 Tel: (612) 944-3355 FAX: (505) 275·6392 Tel: (919) 790-1735 Tel: (918) 254-6110 
FAX: (508) 694·1754 FAX: (612) 944-3794 FAX: (919) 872-4972 FAX: (918) 254-6207 

Avnet Computer 
Avnet Computer Wyle Laboratories 7801 Academy Rd. Hamilton Hallmark Pioneer Standard 
100 Centennial Drive 1325 E. 79th Street, #1 Bldg. 1, Suite 204 5234 Greens Dairy Road 9717 E. 42nd St., #105 
Peabody 01960 ~~~~rn\n21t8~3~~~~~ Albuquerque 87109 Raleigh 27604 Tulsa 74146 
Tel: (508) 532-9886 Tel: (505) 828-9725 Tel: (919) 878·0819 Tel: (918) 665·7840 
FAX: (508) 532-9660 FAX: (612) 853-2298 FAX: (505) 828·0360 FAX: (919) 878-8729 FAX: (918) 665·1891 
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OREGON 

Almac Arrow Electronics 
1885 N.W. 169th Ptace 
Beaverton 97006 
Tel: (503) 629·8090 
FAX: (503) 645·0611 

Anthem Electronics 
9090 S.W. Gemini Drive 
Beaverton 97005 
Tel: (503) 643·1114 
FAX: (503) 626·7928 

Avnst Computer 
9750 Southwest Nimbus Ave. 
Beaverton 97005 
Tel: (503) 627·0900 
FAX: (502) 526·6242 

Hamilton Hallmark 
9750 S.W. Nimbus Ave. 
Beaverton 97005 
Tel: (503) 526·6200 
FAX: (503) 641·5939 

Wyle Laboratories 
9640 Sunshine Court 
Bldg. G, Sune 200 
Beaverton 97005 
Tel: (503) 643·7900 
FAX: (503) 646·5466 

PENNSYLVANtA 

Anthem Electronics 
355 Business Center Dr. 
Horsham 19044 
Tel: (215) 443·5150 
FAX: (215) 675·9875 

~r~e~~~~~~t~rive, #320 
Mers 16046 
Tel: (412) 772·1888 
FAX: (412) 772·1890 

Pioneer Technologies Group 
259 Kappa Drive 
Pittsburgh 15238 
Tel: (412) 782·2300 
FAX: (412) 963·8255 

Pionear Technologies Group 
500 Enterprise Road 
Keith Valley Business Center 
Horsham 19044 
Tel: (713) 530·4700 

~:e~8~~:~O~~~1 
Marlton 08053·3185 
Tel: (609) 985·7953 
FAX: (609) 965·6757 

TEXAS 

Anthem Electronics 
651 N. Plano Road, #401 
Richardson 75081 
Tel: (214) 236·7100 
FAX: (214) 236-0237 

Arrow/Schweber Electronics 
11500 Metric Blvd., #160 
AusUn 76758 
Tel: (512) 8354180 
FAX: (512) 832·5921 

NORTH AMERICAN DISTRIBUTORS (Contd.) 
Arrow/Schweber Electronics UTAH Hamilton Hallmark Avnst Computer 
3220 Commander Dr. 

Anthem Electronics 2440 S. 179th Street Canada System Engineering Group 
Carrollton 75006 New Berlin 53146 151 Superior Blvd. 
Tel: (214) 360·6464 1279 West 2200 South Tel: (414) 797-7644 Mississuaga LST 2L 1 
FAX: (214) 246·7208 Salt Lake City 64119 FAX: (414) 797·9259 Tel: (416) 795·3635 

Tel: (601) 973·8555 FAX: (416) 677·5061 
Arrow/Schweber Electronics FAX: (601) 973·8909 Pioneer Standard 
10699 Kinghurst Dr .. #100 Arrow/Schweber Electronics 

120 Bishop Way #163 Avnet Computer Houston 77099 Brookfield 53005 
Tel: (713) 5304700 1946 W. Perkway Blvd. Tel: (414) 764·3460 190 Colonado Road 

Salt Lake City 84119 FAX: (414) 76()'3613 Nepean K2E 7J5 
Avnet Computer Tet: (601) 973·6913 Tel: (613) 727·2000 
4004 BettUne, SUite 200 FAX: (601) 972·0200 Wylo laboratories FAX: (613) 226-1184 
Dallas 75244 Avnet Computer W226 N555 Eastmound Drivo 
Tel: (214) 306·8181 Waukesha 53186 Hamilton Hallmark 
FAX: (214) 308·6129 

1100 E. 6600 South, #150 Tel: (414) 521·9333 151 Superior Blvd., Unit 1·6 Salt Lake City 84121 FAX: (414) 521·9496 Mlssissauga LST 2L1 
Avnet Computer Tel: (B01) 261>-1115 Tel: (416) 564·6060 
1235 North Loop West, #525 FAX: (601) 266·0362 ALASKA FAX: (416) 564·6033 
Houston 77008 Hamilton Hallmark 
Tel: (713) 667·8572 1100 East 6600 South, #120 Avnet Computer Hamilton Hallmark 
FAX: (713) 661·6651 Salt Lake City 64121 1400 West Benson Blvd., #400 190 Colonade Road 
Hamilton Hallmark Tel: (601) 266-2022 ~~I:~3~~e2n~O:99 Nepean K2E 7J5 
12211 Technology Blvd. FAX: (601) 263·0104 FAX: (907) 277·2639 Tel: (613) 226·1700 
Austin 787'Z7 . Wyle Laboratories FAX: (613) 226·1184 
Tel: (512) 256·6648 1325 West 2200 South, #E 

CANADA Zentronics FAX: (512) 256·3777 
f.1:sl~~~'7~~~J~ 5600 Keaton Crescent, #1 

Hamilton Hallmark Misslssauga LSR 3S5 
11420 Page Mill Road FAX: (601) 972·2524 ALBERTA Tel: (416) 507·2600 
Dallas 75243 

WASHtNGTON ~~~: 2~rGt~!~~ Northeast 
FAX: (416) 507·2631 

Tel: (214) 553·4300 
FAX: (214) 5534395 Almac Arrow ElectroniCS Calga'Y T2E 6Z2 Zentronlcs 
Hamilton Hallmark 14360 S.E. Eastgate Way Tel: (403) 291-3264 155 Colonnade Rd., South 
6000 Westglen Bellevue 98007 FAX: (403) 250·1591 #17 : 

Tel: (206) 643-9992 Nepean K2E 7Kl Houston 77063 FAX: (206) 643·9709 Zentronics Tel: (613) 226-8840 Tel: (713) 761-6100 6615 6th Street N.E., #100 FAX: (613) 226-8352 FAX: (713) 953·6420 Anthem Electronics Calga'Y T2E 7H . 

Pioneer Standard 
19017· 120th Ave .. N.E. #102 Tel: (403) 295·8838 

1826-0 Kramer Lane Bothell 96011 FAX: (403) 295-11714 QUEBEI:: Tel: (206) 463·1700 Austin 78758 FAX: (206) 486·0571 BRtTtSH COLUMBtA Tel: (512) 6354000 Arrow/Schweber Eloctronlcs 
·FAX: (512) 635·9629 Avnet Computer Almac Arrow Electronics ~b~a~~:~~~5Blvd. 
Pioneer Standard 

17761 N.E. 76th Place 8544 Baxter Place 
Redmond 96052 Burnaby VSA 4T6 Tel: (514) 421-7411 

13765 Beta Road Tel: (206) 867·0160 Tel: (604) 421·2333 FAX: (514) 421·7430 Dallas 75244 
Tel: (214) 263-3166 

FAX: (206) 887'0~61 FAX: (604) 421·5030 

FAX: (214) 490·6419 Hamilton Hallmark Hamilton Hallmark Arrow/Schweber ElectroniCS 
8630 154th Avenue 8610 Commerce Court .. 500 Boul. St . .Jean·Baptlste Ave. 

Pioneer Standard Redmond 96052 Burnaby VSA 4N6 
Quebec H2E 5R9 

10530 Rockley Road, #100 Tel: (206) 861-6697 Tel: (604) 420·4101 
Tel: (416) 871-7500 

Houston 77099 FAX: (206) 867·0159 FAX: (604) 420·5376 FAX: (418) 871·8616 
Tel: (713) 495·4700 
FAX: (713) 495·5642 Wyle laboratorIes Zentronics Avnet Computer 

15365 N.E. 90th Street ~l:~!~d~~~oMd .. #106 m~~~e"nr~~3rrp8 Wyte Laboratories Redmond 98052 
1810 Greenville Avenue Tel: (206) 86H 150 Tel: (604) 273·5575 Tel: (514) 335·2483 
Richardson 75081 FAX: (206) 881-1567 FAX: (604) 273·2413 FAX: (514) 335·2481 
Tel: (214) 235·9953 
FAX: (214) 644·5064 WISCONSIN ONTARtO Hamilton Hallmark 
Wyle Laboratories Arrow/Schweber Electronics Arrow/Schweber Electronics 7575 Transcanada Highway 

#600 4030 West Braker Lane, #330 200 N. Patrick, #100 1093 Meyerslde, Unit 2 SI. Laurent H4T 2V6 Austin 76758 Brookfield 53045 Mlsslssauga LST 1 M4 Tet: (514) 335·1000 Tel: (512) 345·6853 Tel: (414) 792·0150 Tet: (416) 670·7769 FAX: (514) 335·2461 FAX: (512) 345·9330 FAX: (414) 792·0156 FAX: (416) 670·7761 

Wyle Laboratories Avnet Computer Arrow/Schweber Electronics Zentronlcs 
11001 South Wilcrest, #100 20875 Crossroads Circle, #400 36 Antares Or .• Unit 100 520 McCaffrey 
Houston 77099 Waukesha 53186 . Nepean K2E 7W5 St. Laurent H4T 1 N3 
Tet: (713) 879·9953 Tel: (414) 784-6205 Tel: (613) 226-6903 Tel: (514) 737·9700 
FAX: (713) 879·6540 FAX: (414) 764·6006 FAX: (613) 723·2016 FAX: (514) 737·5212 
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FINLAND 

Intel Finland OY 
Ruosllantie 2 
00390 Helsinki 
Tel: (358) 0544644 
FAX: (358) 0 544 030 

FRANCE 

Intel Corporation SAR.L. 
1, Rue Edison-BP 303 
78054 St. Quentin-en-Vvelines 
Cedex 
Tel: (33) (1) 30577000 
FAX: (33) (1) 30 64 60 32 

EUROPEAN SALES OFFICES 
GERMANY 

Intel GmbH 
Dornacher Strasse 1 
85622 Feldkirchen/Muenchen 
Tel: (49) 089/90992-0 
FAX: (49) 089/9043948 ' . 

ISRAEL 

Intel Semiconductor Ltd. 
Atidim Industrial Park-Neve Sharet 
P.O. Box 43202 
Tel-Aviv 61430 
Tel: (972) 03 498080 
FAX: (972) 03491870 

ITALY 

Intel Corporation Italia S.'p.A. 
Milanofiori Palazzo E ' 
20094 Assago 
Milano 
Tel: (39) (2) 575441 
FAX: (39) (2) 3498464 

NETHERLANDS, 

Intel Semiconductor B.V. 
Postbus 84130 
3009 CC Rotterdam 
Tel: (31) 1040711.11 
FAX: (31) 104554688 

RUSSIA 

~r~~:~~~h~~~~~:a ~a' 
121357 Moscow 
Tel: 007-095-4439785 
FAX: 007-095-4459420 
TLX: 612092 smail suo 

SPAIN 

Intel Iberia S.A. 
Zubaran,28 
28010 Madrid 
Tel: (34) (1) 308 2552 
FAX: (34) (1) 410 7570 

SWEDEN 

Intel Sweden A.B. 
Dalvagen 24 
171 36 Solna 
Tel: (46) 8 705 5600 
FAX: (46) 8 278085 

UNITED KINGDOM 

Intel Corporation (U.K.) Ltd. 
Pipers Way 
SWindon, Wiltshire SN3 1 RJ 
Tel: (44) (0793) 696000 
FAX: (44) (0793) 641440 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA GERMANY ""lasi Elettronica SPAIN UNITED KINGDOM 

t*Elbatex GmbH "'Avnet Electronic 2000 
P.1. 00839000155 
Viale Fulvia Testi, N.280 "'ATD Electronica "Arrow Electronics Eitnergasse 6 Stahlgruberring 12 20126 Milano Avenue de la Industria, 32, 2B 8t. Martins Business Centre A-1231 Wien 81829 Muenchen Tel: (39) 2 661431 28100 Alcobendas Cambridge Road Tel: (43) 1816020' Tel: (49) 89 45110-01 FAX: (39) 2 66101385 Madrid Bedford - MK42 OlF 

FAX: (43) 181652141 FAX: (49) 89 45110129 Tel: (34) (1) 661 6551 Tel: (44) 234 270272 
tSpoerle Electronic *Jermyn GmbH 

tOmnilogic Telcom FAX: (34) (1) 661 6300 ' FAX: (44) 234 211434 
Heillgenst. SIr. 62 1m Dachsstueck 9 Via lorenteggio 270/A 
A-1190 Wien 65549 limburg 

20152 Milano 
~~3!~~~3~~t~?a~r~_2 *Avnet EMG Ltd. 

Tel: (43) 1 318 72 700 Tel: (49) 6431 5080 
Tel: (39) 2 48302640 Jubilee House 

FAX: (43) 1 36922 73 FAX: (49) 6431 508289 
FAX: (39) 2 43802010 28100 Alcobendas Jubilee Road 

Madrid Letchworth 
BELGIUM tMetrologie GmbH NETHERLANDS Tel: (34) (1) 6611142 Hertsfordshire - 5GB 1 QH 

t"'lnelco Distribution 
Steinerstrasse 15 FAX: (34) (1) 661 5755 Tel: (44) 462 488 500 
81369 Muenchen tDatelcom B.V. FAX: (44) 462 488 567 

Avenue des Croix de Guerra 94 Tel: (49) 89 724470 Meidoornkade 22 
1120 Bruxelles FAX: (49) 89 72447111 3993 AE Houten SWEDEN "'Bytech Components 
Tel: (32) 2 244 2811 Tel: (31) 3403 57222 12a Cedarwood 
FAX: (32) 2 216 3304 "Proelectron Venriebs 'GmbH , FAX: (31) 3403 57220 tAvnet Computer AS Chineham Business Park 

"'Diode Bel~um Max-Planck-Strasse 1-3 Box 184 4 Crockford Lane 
Kelbe~ II, inervas'traat, 14/B2 63303 Draieich' "'Diode Components 5·123 -23 Farsta Basingstoke 
1930 ventem Tel: (49) 6103 304343 Coltbaan 17 Tel: (46) 8 705 18 00 Hants RG121RW 
Tel: (32) 2 725 46 60 FAX: (49) 6103 304425 3439 NG Nieuwegein FAX: (46) 8 735 2373 Tel: (44) 256 707 107 
FAX: (32) 2 725 45 11 tAein Elektronik GmbH 

Tel: (31) 3402 9 1234 
.. Avnet Nonec AB 

FAX: (44) 256 707.162 
FAX: (31) 3402 3 59 24 

DENMARK ~~~~3~e~tt'Zt:p 66 
Box 1830 

~B~:C~t;Xi~t~~~ntre t*Koning en Hartman 5-171 27 Solna 
*Avnet Nortec AlS Tel: (49) 2153 7330 Energieweg 1 Tel: (46) 8705 1800 Eastern Road 
Transformervej 17 FAX: (49) 2153 733513 2627 AP Oelft FAX: (46) 8B3 6918 Bracknell 
DK-2730 Herlev Tel: (31) 15609906 Berks - RG12 2PW 
Tel: (45) 42842000 GREECE FAX: (31) 15619194 "'lIT Multikomponent AB Tel: (44) 344 55 333 ' 
FAX: (45) 4492 1552 

tErgodata 
Ankdammsgatan 32 FAX: (44) 344 867 270 

t"'lTT Multikomponenl AS NORWAY 
Box 1330 

Aigiroupoleos 2A S-l71 26 Solns "'Datrontech Naverland 29 176 76 Kalithea *Avnet Nortec A/8 Tel: (46) 8 830020 4244 Birchett Road :. DK-2600 Gloslrup Tel: (30) 1 9510922 Postboks 123 FAX: (46) 8 27 13 03 Aldersh"ot Tel: (45) 42456645 FAX: (30) 1 95 93 160 N-1364 Hvalslad Hants-GUll lLU FAX: (45) 4245 7624 

':i~~~~~~~~~3~~;~r~~Tv. 150 
Tel: (47) 284 6210 Tel: (44) 252313155 

SWITZERLAND 
FINLAND FAX: (47) 284 6545 FAX: (44) 252 341939 

t*OY Fintronic AB 
Athens 17671 

tComputer System Integration AlS tElbatexAG *Jermyn Electronics Tel: (30) 1 9242072 Hardstr.7 Pyynmie,3 FAX: (30) 1 924 1066 Postbox 198 CH-5430 Wettingen 
Vestry Estate 

02230 Espoo ~~~O(~~ S~~~tt:~ 411 
Otford Road 

Tel: (358) 0 687 331 Tel: (41) 56 27 50 00 Sevenoaks 
FAX: (358) 0 887 33 343 IRELAND FAX: (47) 638 45 310 FAX: (41) 27 1924 Kenl TN14 5EU 

t"'Micro Marketing tFabrimex AG 
Tel: (44) 732 743 743 

FRANCE Taney Hall PORTUGAL ~~~~~a~~~ch 
FAX: (44) 732 451 251 

*Arrow Electronique Eglinton Terrace 
*ATD Electronica lOA tMetrologie VA 

73-79 Rue des Solets Dundrum Tel: (41) 1 3668686 

~~~~d~~:~ SlIIc 585 Dublin 14 Edificio Altejo FAX: (41) 1 3832379 
94663 Rungis Cedex Tel: (353) (1) 2989400 Rua 3 piso 5-sala 505 

High Wycombe 
Tel: (33) (1) 4978 4978 FAX: (353) (1) 298 9828 Urbanlzacao de Matinha tlMIC Microcomputer 
FAX: (33) (1) 4978 0596 1900 Lisboa Zurichstrasse 

Bucks - HP11 2E 

Tel: (351) (1) 8580191/2 Tel: (44) 494 526 271 
*Avnet 

ISRAEL CH-8185 Winkel-Ruti FAX: (44) 494 421 860 FAX: (351) (1) 858 7841 Tel: (41) (1) 8620055 
79, rue Pierre Semard t*Eastronics Limited FAX: (41) (1) 8620266 "'MMD/Rapid Ltd. 92322 Chatillon Rozanis 11 ~~:tb~'.O~~~i~b~~CS'a~~~~~e~~s 3A Tel: (33) (1) 4965 2500 P.O.B. 39300 t*lndustrade AG 

Rapid Silicon 
FAX: (33) (1) 4965 2769 Tel Baruch 1900 L1sboa Hertistrasse 31 

3 Bennet Court 
Tel: (351) (1) 847 2202 Bennet Road 

tMetrologie Tel-Aviv 61392 CH-8304 WaJliselien Reading 
Tour d'Asnleres Tel: (972) 3 6458 777 FAX: (351) (1) 847 2197 Tel: (41) (1) 8328111 Berks - RG2 OOX 
4, Avenue Laurent Cery FAX: (972) 3 6458 666 FAX: (41) (1) 8307550 Tel: (44) 734 750 697 
92606 Asnieres Cedex SOUTH AFRICA FAX: (44) 734313255 
Tel: (33) (1) 4060 9000 ITALY 

t'EBE TURKEY FAX: (33) (1) 4791 0561 
*Intesl Div. Della Deutsche PO Box 912-1222 

*Tekelec Divisione lIT Industries GmbH Silverton 0127 *Empa Electronic 
Cite des Bruyeres PJ.06550110156 178 Erasmus Street Florya Is Merkezl 
5, Rue Carle Vernet-8P 2 Milanofiori Palazzo 85 Meyerspark Basyol londra Asfalti 
92310 Savres 20094 Assago (Milano) Pretoria 0184 f:f~gt,I(~a5~~a~g~~ rei: (33) (1) 4623 2425 Tel: (39) 2 824701 Tel: (27) 128037680-93 
FAX: (33) (1) 4507 2191 FAX: (39) 2 8242631 FAX: (27) 128038294 FAX: (90) (1) 599 3061 

~Componentsc 
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AUSTRALIA 

Intel Australia Pty. Ltd. 
Unit 13 
Allambie Grove Business Park 
25 Frenchs Forest Road East 
Frenchs Forest, NSW, 2086 
Sydney 
Tel: 61-2-975-3300 
FAX: 61-2-975-3375 

Intel Australia Ply. Ltd. 
711 High Street 
1st Floor 
East Kw. Vic., 3102 
Melbourne 
Tel: 61-3-610-2141 
FAX: 61-3-619 7200 

BRAZIL 

Intel Semlcondutores do Brasil 
Rua Florida, 1703·2 and CJ.22 
CEP 04565-001 Sao Paulo 
SP Brazil 
Tel: 55-11-530-2296 
FAX: 55-11-531-5765 

CHINA/HONG KONG 

Intel PAC Corporation 
Room 517-518 
China World Tower 
1 Jian Guo Men Wai Avenue 
Beijing 100004 
Republic of China 
Tel: 661-505-0366 
FAX: 661-505-0363 

INTERNATIONAL SALES OFFICES 
Intel Semiconductor Ltd. * Intel Japan K.K.* Intel Japan KK.* SINGAPORE 
32/F Two Pacific Place Hachioji ON Bldg. TK Gotanda Bldg. 9F 
88 Queensway 4-7-14 Myojin-machi 8-3-6 Nishi Gotanda Intel Singapore Technology, Ltd. 
Central Hachioji-shl, Tokyo 192 Shinagawa, Tokyo 141 101 Thomson Road #08-05 
Hong Kong Tel: 0426-48-8770 Tel: 03-3493-6061 United Square 
Tel: (652) 844-4555 FAX: 0426-48-6775 FAX: 03-3493-5951 Singapore 1130 
FAX: (652) 668-1969 Tel: (65) 250-7611 

Intel Japan KK '* 
KOREA 

FAX: (65) 250-9256 
Kawa·asa Bldg. 

INDIA 2-11-5 Shin-Yokohama 
Kohoku·ku, Yokohama·shl Intel Korea, Ltd. TAIWAN 

Intel Asia Electronics, Inc. Kanagawa, 222 16th Floor, Life Bldg. 
4/2, Samrah Plaza Tel: 045-474-7660 61 Yoido-dong, Youngdeungpo·Ku Intel Technology Far East ltd. 
St. Mark's Road FAX: 045-471-4394 Seoul 150·0lD Taiwan Branch 
Bangalore 560001 Tel: (2) 764-6166 8th Floor, No. 205 
Tel: 91·80·215065 Intel Japan K.K.'* FAX: (2) 784-6096 Bank Tower Bldg. 
FAX: 91-80-215067 Ryokuchi·Eki Bldg. Tung Hua N. Road 
TLX: 953-845-2646 INTL IN 2-4-1 terauchi Taipei 

i~r:o~6~~~-i_~ib~saka 560 
MEXICO Tel: 666-2-5144200 

FAX: 686-2-717-2455 
JAPAN FAX: 06-663-1064 Intel Tecnologia de Mexico 686-2-719-6164 

SA de C.V. 
Intel Japan K.K. Intel Japan K.K. Av. Mexico No. 2798-9B, S.H. 
5-6 Tokodai, Tsukuba-shi Shinmaru Bldg. 44680 Guadalajara, Jal. 
Ibaraki, 300-26 1-5-1 Marunouchi Tel: 011-523-640-1259 
Tel: 0296-47-6511 Chiyoda-ku, Tokyo 100 FAX: 011-523-642-7661 
FAX: 0296-47-6450 Tel: 03-3201-3621 

FAX: 03-3201-6650 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA GUATEMALA SES Computers & Technologi~s Okaya Koki SOUTH AFRICA 

Dafsys Consulting SA Pvt. Ud. 2-4-18 Sakae 
Abinitio 11/18, SNS Chambers Naka·ku, Nagoya·shi 460 Electronic Building Elements Chacabuco, 90-6 Piso 11 Calle2-Zona9 239 Palace Upper Orchards Tel: 052-204-8315 1069-Buenos Aires Guatemala City 178 Erasmus St. 

Tel. & FAX: 54.1334.1871 
Sankey Road, Sadashivanagar FAX: 052-204-8380 (off Watermeyet SI.) Tel: 5022-32-4104 Bangalore 560 080 

FAX: 5022-32-4123 Tel: 91-812-348481 Ryoyo Electro Corp. Meyerspark, Pretoria, 0184 
AUSTRALIA FAX: 91-612-343665 Konwa Bldg. Tel: 011-2712-603-7680 

FAX: 011-2712-803-8294 
NJS Electronics Australia INDIA 1-12-22 Tsukiji 
lA/37 Ricketts Road SES Computers & Technologies Chuo-ku, Tokyo 104 
Mount Waverley, VIC 3149 Priya International Limited Pvt. Ud. Tel: 03-3546-5011 
Tel: 61-3-558-9666 0-6, II Floor Arvind Chambers FAX: 03-3546-5044 TAIWAN 
FAX: 61-3-556-9929 Devatha Plaza 194, Andheri-Kurla Road 

NSD-Australia 
131/132 Residency Rd. Andheri (East) 

KOREA Micro Electronics Corporation Bangalore 560 025 Bombay 400 069 
205 Middleborough Rd. Tel: 91-80-214027, 91-60-214395 Tel: 91-22-6341564, 91-22-6341667 12th Floor, Section 3 
Box Hill, Victoria 3128 FAX: 91-60-214105 FAX: 91-22-4937524 Samsung Electronics 285 Nanking East Road 
Tel: 03 8900970 Samsung Main Bldg. Taipei, R.O.C. 
FAX: 03 8990619 Priya International Limited SES Computers & Technologies 150 Taepyung-Ro-2KA, Chung-Ku Tel: (666) 2-7196419 

Apeejay House, 4th Floor Pvt. Ud. Seoul 100-102 FAX: (866) 2-7197916 
BRAZIL 130 Apollo Street 60S-A, Ansal Chambers II c.p.a. Box 8780 

Hitech Bombay 400 023 No.6. Bhikaji Camaplace Tel: (622) 751-3660 Acer Sertek Inc. 

Luis Carlos Berrini, 801 CJ121 Tel: 91-22-2660949, 91-22-2665822 New Delhi 110 066 TWX: KORSST K 27970 15th Floor, Section 2 
Tel: 91-11-6661663 FAX: (822) 753-9065 Chien Kuo North Rd. 04571, Sao Paulo. SP Brazil Priya International Limited FAX: 91-11-6640471 Taipei 18479 R.O.C. Tel: 5511-536-0355 Flat No.8, 10th Floor Tong Baek Electronic Co., Ltd. Tel: 886-2-501-0055 FAX: 5511-240-2650 Akashdeep Building 16-58 Hangang-ro 3-ga TWX: 23756 SERTEK 

Microlinear Barakhamba Rd. JAMAICA Yongsan-gu, Seoul FAX: (686) 2-5012521 
Avenida Wilhelm Winter. 345 New Delhi 110 001 Tel; 82-2-715-6623 
Distrito Industrial· Jundiai, SP Tel: 91-11-3314512, 91-11-3310413 Me Systems FAX: 82-2-715-9374 

13213-000 FAX: 91-11-3719107 10-12 Grenada Crescent 
Tel: 5511-732-6111 Kingston 5 URUGUAY 

FAX: 5511-732-2892 Priya International Limited Tel: (609) 926-0104 SAUDI ARABIA 
5·J, Century Plaza FAX: (609) 929-5678 

ME Systems, Inc. Interiase 
CHILE 560-562 Mount Road, Teynampet Blvr. Espana 2094 

Madras 600 018 642 N. Pastoria Ave. 11200 Montevideo 
Sisteco Tel: 91-44-451031, 91-44-451597 JAPAN Sunnyvale. CA 94080 Tel: 5962-49-4600 
Vecinal 40- Las Candes FAX: 91-44·813549 

Asahi Electronics Co. Ltd. 
U.S.A. FAX: 5962-49-3040 

Santiago Tel: (406) 732-1710 
Tel: 562-234-1644 Priya International Limited KMM Bldg. 2-14·1 Asano FAX: (406) 732-3095 
FAX: 562-233-9695 No. 10, II Floor, Minerva House Kokurakita-ku TLX: 494-3405 ME SVS 

94 Sarojini Devi Rd. Kitakyushu-shi 802 VENEZUELA 
CHINA/HONG KONG Secunderabad 500 003 Tel: 093-511-6471 

Tel: 91-642-813120, 91-642-613549 FAX: 093-551-7661 SINGAPORE Unixel CA Novel Precision Machinery Co., Ltd. 
Room 728 Trade Square Priya International Limited Oia Semicon Systems, Inc. Electronic Resources Pte, Ltd. 4 Transversal de Monte Cristo 
681 Cheung Sha Wan Road Lords, III Floor Flower Hill Shinmachi Higashi-kan 17 Harvey Road Edt. AXXA, Piso 1, of. 1 &2 
Kowloon, Hong Kong 7/1 Lord Sinha Road 1-23 Shinmachi, Setagaya·ku #03·01 Singapore 1336 Centro Empresarial Boleita 
Tel: (652) 360-8999 Calcutta 700 071 Tokyo 154 Tel: (65) 263-0686 Caracas 
TWX: 32032 NVTNL HX Tel: 91-33-222378, 91-33-222379 Tel: 03-3439-1600 TWX: RS 56541 ERS Tel: 582-238-7749 
FAX: (652) 725-3695 FAX: 91-33-224684 FAX: 03-3439-1601 FAX: (65) 269-5327 FAX: 582-238-1616 
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ALABAMA 

Birmingham 
Huntsville 

ALASKA 

Anchorage 

ARIZONA 

Phoenix'" 
Tucson 

ARKANSAS 

Little Rock 

CALIFORNIA 

Bakersfield 
Brea 
Carson'" 
Fresno 
Livermore 
Mar Del Rey 
Ontario'" 
Orange 
Sacramento* 
San Diego* 
San Francisco* 
Santa Clara* 
Ventura 
Sunnyvale 
Walnut Creek* 
Woodland HilIs* 

COLORADO 

Colorado Springs 
Denver 
Englewood* 

CONNECTICUT 

Glastonbury* 

DELAWARE 

New Castle 

FLORIDA 

Ft. Lauderdale 
Heathrow 
Jacksonville 
Melbourne 
Pensacola 
Tampa 
West Palm Beach 

ARIZONA 

Computervision Customer 
Education ' 
2401 W. Behrend Dr., Suite 17 
Phoenix 85027 
Tel: 1-800-234-8806 

MINNESOTA' 

3500 W. 80th Street 
Suite 360 

~~~:o~\n2~tZ~5~~~~ 

*Carry-in locations 

NORTH AMERICAN SERVICE OFFICES 
COMPUTERVISION 

Intel Corporation's North American Preferred Service Provider 
Central Dispatch: 1-S00,S76-SERV (1-S00-S76-737S) 

GEORGIA MICHIGAN NORTH DAKOTA 

Atlanta'" Ann Harbor Bismark 
Savannah Benton Harbor 
West Robbins Flint OHIO 

Grand Rapids· 

HAWAII Leslie Cincinnati-
Uvonia* Columbus 

Honolulu St. Joseph ~1e°~ndence* Troy" Mid~e Heights· 
ILLINOIS 

MINNESOTA Toledo* 

Buffalo'" Bloomington'" OREGON Calumer City Caruth Chicago Beaverton'" 
Lansing' 

MISSOURI Oak Brook PENNSYLVANIA 
Springfield 

~:~g~71~d* INDIANA 51. Louis'" 

Carmel'" NEVADA East Erie 
Ft. Wayne Pittsburgh* 

Minden Wayne'" 

KANSAS Las Vegas 
Reno SOUTH CAROLINA 

Overland Park* Charleston 
Wichita NEW HAMSHIRE 

Cherry Point 
Manchester* Columbia 

KENTUCKY Fountain Inn 

Lexington 
NEW JERSEY 

SOUTH DAKOTA 
Louisville Edison* 
Madisonville ,Hamlon Town* Sioux Falls 

Parsippany* 
LOUISIANA TENNESSEE 

NEW MEXICO 
Bartlett Baton Rouge 

Metarie Albuquerque Chattanooga 
Knoxville 

MAINE NEW YORK Nashville 

Brunswick Albany* 
Amherst* 

TEXAS 

Dewitt* Austin 
MARYLAND Fairport* Bay City 

Frederick 
Farmingdale* Beaumont 

Linthicum* 
New York City* Canyon 

College Station 
Rockville* NORTH CAROLINA Houston* 

Irving* 
MASSACHUSETTS Brevard San Antonio 

Charlotte Tyler 
Boston* . Greensboro 
Natick* Haveluch UTAH 
Norton* Raleigh 
Springfield Wilmington Salt Lake City* 

CUSTOMER TRAINING CENTERS 
ILLINOIS 

Computervision Customer 
Education 
1 Oakbrook Terrace 
Suite 600 
Oakbrook 60181 
Tel: 1-800·234·8806 

MASSACHUSETTS 

Computervislon Customer 
Education 
11 Oak Park Drive 
Bedford 01730 
Tel: 1·800·234·8806 

SYSTEMS ENGINEERING OFFICES 
NEW YORK 

2950 Expressway Dr., South 
Islandia 11722 
Tel: (506) 231-3300 

VIRGINIA 

Charlottesville 
Glen Allen 
Maclean'" 
Norfolk 
Virginia Beach 

WASHINGTON 

Bellevue"" 
Olympia 
Renton 
Richland 
Spokane 
Verdale 

WASHINGTON D.C.· 

WEST VIRGINIA 

St. Albans 

WISCONSIN 

Brookfield* 
Green'Bay 
Madison 
Wausau 

CANADA 

Calgary* 
Edmonton 
Halifax 
London· 
Montreal* 
Ottawa 
Toronto* 
Vancouver, BC* 
Winnipeg 
Regina 
-St. John 
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